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Bilindigi Uzere enerji, hayat kalitesini iyilestiren, ekonomik ve sosyal ilerlemeyi saglayan en

6nemli faktérdlr. Ancak, artan eneriji fiyatlari, kiresel 1Isinma ve iklim degisikligi, dinya enerji

talebindeki artig, hizla tikenmekte olan fosil yakitlara bagimliligin yakin gelecekte devam edecek

olmasi, yeni enerji teknolojileri alanindaki gelismeler, Ulkeleri yeni arayislara gétirmektedir.

Danya’nin enerji gelecegi ile ilgili raporlara bakildiginda;  2000-2100 yillar arasinda enerji
ihtiyaclari ve kaynaklarindaki dagilimda, 2100 yilinda petrolun iyice azalacagi, kdmurin nerdeyse hi¢c kalmayacagi, glines
enerjisi kullaniminin ise ¢ok artacagi goértlmektedir.

2009 yilinda baglatilan, 2050 yilina kadar 554 Milyar USD butcesi olan DESERTEC projesi ile birlikte, Turkiye’nin alternatif
enerji kaynaklar koridoru-hub’i izerinde olmasi 6nemini daha da arttirmistir. TUrkiye; ekonomik glines enerjisi potansiyeli
bakimindan; Orta Dogu ve Kuzey Avrupa ilkeleri harig, AB Ulkeleri igerisinde italya ve Yunanistan’i gegmekte ve Portekiz
ile esdeger durumda degerlendiriimektedir. Dulnya Enerji senaryolarinda enerji talebi 2006-2030 yillari arasinda her yil
%1,6 blyumekte ve sonugta bu giine gére %45 artisa ulasmaktadir. Bu talep enerji arzi yatirimlarini da 2030 da 26.3
Trilyon USD’ a ulastiracagini géstermektedir. Dinya elektrik eneriisi Gretiminde glines enerjisinin kullanimi 2007 yilina
gbre 80 kat artarak 5 TWh den 402 TWh a ¢ikmaktadir.

Glnes enerjisi uygulamalarinin, Amerika Birlesik Devletleri, Japonya ve Almanya gibi gelismis Ulkelerde hizla artmasinin
sebeplerinin baginda destekleyici mekanizmalar gelmektedir. Bu mekanizmalar icerisinde sadece Feed-in Tariff bulunmamakta,
vergi indirimleri, yatinm garantileri v.b ilave destekler de yer almaktadir. 2009 yil itibariyle 73 Ulke yenilenebilir eneriji politika
hedeflerini belirlemis, 64 Ulke yenilenebilir enerjiden elektirik Gretimi konusunda politikalar Gretmis, 45 (ke ve 18 eyalet-bolge ise
Feed-in Tariff denilen destekleme mekanizmalari olusturmustur.

Solar Future 2010 konferansi igin ilgili sektériin 6nde gelen temsilcileri ile birlikte hazirladigimiz Yol Haritasi raporunda;
2020 yil igin elektrik tretiminde kurulu giic hedefi yogunlastiriimis giines enerjisi gli¢ sistemleri (CSP) teknolojisi ile 200
MWp ve fotovoltaik (PV) teknolojisi ile 4800 MWp olarak belirlenmistir. 2020 yilinda Yol Haritas’'nda hedeflenen giines
enerjisi elektirik Uretim santralleri icin ayrilacak 13-20 Milyar USD lik yatirim ile, yaklasik 200.000-500.000 kisiye direkt
olarak Uretim, satis, proje, kurulum,servis alanlarinda istihdam olanagi saglanmis olacaktir.

Glnes enerjisinin gelecegini tartistigimiz SOLAR FUTURE 2010 Konferansinda dért ana konusmacimiz (Keynote
Speaker) Dr. Frederick Morse, Prof. Dr. Yogi Goswami, Mr. Jerry Stokes ve Mr. David Johnston, panel ve oturumlarda yer
alan diger yerli ve yabanci davetli konusmacilar, akademi ve sektérden arastirmacilar , uygulamacilar, bidirileri ile degerli
katkilarda bulunmuslardir. Her birine ayri ayr tesekkir ediyorum.

Kongre 6ncesi hazirlanan ve panel sirasinda sunulan ve tartisilan “Solar Future Road Map”6nerisinin faydali olacaginin
umuyorum.

Toplantinin diizenlenmesi Yeditepe Universitesi biinyesinde yer alan International Centre for applied Thermodynamics
(ICAT) tarafindan Sektérel Fuarcilik ile isbirligi icinde gerceklestirilmistir. Yeditepe Universitesi Mitevelli Heyeti Baskan!
Sn.Ulker Turgut'a, Rektér Prof.Dr.Ahmet Serpil’e, Sektérel Fuarcilik adina Sn.Sileyman Bulak’a ve emegi gecen herkese
tesekkurd bir borg biliyorum. Slphesiz, onlarin yardimlari olmadan bdyle bir toplanti gerceklestirilemezdi.

SOLAR FUTURE 2010 Konferansinda sunulan tim calismalarin llkemizde glnes enerjisi strateji ve politikalarinin
olusturulmasinda yararl olmasini temenni ediyorum.

Saygilarimla,

0. M. Sidian

Prof. Dr. Niliifer EGRICAN

President, International Center For Applied Thermodynamics (ICAT)
Conference Chair, Solar Future 2010

11-12 Subat 2010 - istanbul
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SOLAR COOLING WITH PARABOLIC TROUGH COLLECTOR SYSTEMS

Ahmet LOKURLU
CEO SOLITEM Group

By designing, developing andinstalling solarenergy supply systems,
the SOLITEM Group aim to contribute to a worldwide increased use
of solar energy, mainly for cooling but also for process steam and
warm water generation. The SOLITEM Parabolic Trough Collector
Systems allow an enormously efficient and thus economically
attractive and competitive use of solar energy and a decrease in
the use of valuable fossil fuels or nuclear powered electricity.

Today’s society wastes as much energy on a single day as nature
was able to create in 1,500 years. Finally it is not a luxury but an
urgent necessity to look for alternatives. It is only a matter of time
until increasing energy prices and advanced technical development
will make renewable energy substantially cheaper than all other kind
of energy. The worldwide unique SOLITEM Solar Cooling System
is already competitive in countries with high solar irradiation and
energy costs such as Mediterranean and MENA and can be used
in all countries of the world’s Sunbelt.

The technology offers an outstanding possibility to overcome
worldwide problems due to increasing energy prices, energy supply
irregularities and climate change by using the solar power provided
free of charge in many parts of the globe.

The core element of the SOLITEM energy supply system consists
of the SOLITEM- designed and manufactured rooftop-mountable,
high-performance Parabolic Trough Collectors (PTC). The design
allows installing these PTCs in a customizable matrix, optimizing
the output capacity at the customer location. These collectors are
the first worldwide suitable for roof mounting.

The PTC captures the highest possible solar direct irradiation
through the in-house developed and automated tracking

system. The collectors focus the solar irradiation onto absorber
tubes, heating up the transfer fluid (e.g. water or thermo oil) to
temperatures of around 250 °C.

During daytime, when solar irradiation is sufficient, the system is
capable to cover almost all of the cooling demand for the building/
premises. After sunset or when solar irradiation is low, the system
will use up available excess heat from the buffer storage tank
or alternatively switch to the conventional cooling system. This
combination ensures a continuous energy supply for the building/
premises by providing as much solar energy as possible.

The Online Monitoring System which is part of each solar plant
gives effective values of operation and energy savings. This system
is a SOLITEM development as well.

The designs below show one possible application mode for
SOLITEM systems:
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The most innovative characteristics of the SOLITEM technology
are

D An up to three times higher performance compared to
conventional systems

Rooftop-mountable, in-house developed collectors with pre-
cleaning and self-protective mode

In-house invented, computerized tracking system to capture the
highest solar yield at any time

Online Monitoring System

Full compatibility with existing conventional systems

Bivalent operation modes (alternative supply with cooling or
steam)

The SOLITEM R&D Department works constantly on improvements
to further increase system overall performance and efficiency.
SOLITEM has recently launched the 3 generation of its PTC 1800
followed by a 2" generation tracking system.

SOLITEM has also developed solar cooling and heating
applications for domestic use in order to make its proven
technology available for private users and small businesses.
The1st generation of these SOLITEM PTC 1100 collectors (2m
x 1.1m) is in the phase of testing and improvement. Together
with the PTC 1800 collector (5.09m x 1.8m) for medium scaled
collector plants and the PTC 3000 collector (7.5m x 3m) for bigger
scaled ones, the SOLITEM systems fulfil the whole spectrum of
consumer needs.

Tomorrow’s Applications

D One of the many high-level research projects currently being
developed by SOLITEM focuses on generating electricity, cooling
and heating from one single platform. It is called SOLTRIGEN
and stands for Solar-Tri-Generation.

SOLITEM will also be concentrating on a next milestone
development for solar-powered Sea Water Desalination. A
solution that helps to bring potable water to regions limited to or
suffering from such life-essential supply.

All these parameters make this technology absolutely unique in the
world. For the first time ever, this ingenious technical development
allows the reliable, efficient and economical use of solar energy
supply systems in regions with sufficient solar irradiation.

In addition to the remarkable technology, that was developed and
tested with support of scientific partners such as DLR (German
Aerospace Center) and Alanod (leading company for Aluminium
Coatings), also the strong partner MAN Ferrostaal has invested in
the company and also supports SOLITEM with additional strengths.
Starting from a small engineering office, the headquarters is
now situated in Aachen, Germany and a completely automated
production facility is located in Ankara, Turkey. Currently
subsidiaries and joint ventures are built up in the US, Latin America,
Italy and Spain. With this strategy on a strong basis SOLITEM will
launch its products successfully in the solar market and will get
the leading position in the market for cooling, heating and steam
production worldwide.

On daily basis we get the news about global warming, rising energy
prices and our responsibility for the planet. With the SOLITEM
system which has almost zero CO, emissions, almost no need of
any fossil fuel and an efficiency of more than 60% we have all
arguments to convince the customer to implement the system. As
long as the customer has the required installation space available,
the decision will be taken very quickly.

To realize such technology advanced projects, SOLITEM relies
on well-known local partners who know the market and the local
standards.

The SOLITEM technology can be used for almost unlimited
applications in many regions of the world; thus its replication
potential is remarkable. At locations with medium to high solar
irradiation, nearly all hotels, public buildings, hospitals or large
office buildings require air conditioning/cooling during summer
time or even all year round. Factories and industrial facilities use
process steam and hot water for their production processes as well
as for air-conditioning. During winter time, space heating and hot
water supply may also be required.

Until now, our technology has been implemented at several
different clients.

Example of two realized systems:

TUI Hotel Iberotel
(Dalaman, Turkey)

Pepsi Steam Production
(Site, Turkey)

Number of Collectors | 40 Number of Collectors 125
Total Aperture Area 360 m? Total Aperture Area 1125 m?
Total Cooling 250 kW Total Steam Prod. 600Kg/h
Capacity Capacity
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Exemplary CO, reduction with SOLITEM solar energy
supply systems

While the Solar Steam Generation plant at Pepsi Tarsus, Turkey,
saves 400 tons of CO, yearly, i.e. 3.2 tons for each collector, the
specific energy and carbon dioxide savings are depending on
certain parameters, which are explained by an up-scaled system
of 1 MW cooling capacity.

192 PTC 1800 collectors, installed at a site with 2,132 kWh annual
DNI per square meter, lead to annual solar thermal energy of
approx. 2.21 million kWh. Split into cooling in the summer mode
and heating in the winter mode, totally 724 tons (about 3.8 tons
per collector) CO, are saved. In conclusion, the savings are
depending on the solar irradiation values and the economical and
environmental benefits are depending on the local structure, e.g.
energy mix for electricity generation for substituted compression
cooling.

Freely available solar energy offers the most promising solution
when used in high-efficient solar-powered energy sourcing
systems, like those from SOLITEM. Cooling demand for
conventional systems using electricity and available solar energy
normally increase proportionally the higher the temperature is;
hence SOLITEM system applications offer the most savings during
those times of the day.

This technology marks an essential step for a sustainable and
ecological energy supply to be used for cooling and heating
applications, further reducing greenhouse gas emissions and
further diminishing valuable fossil fuel reserves that should be
saved for future generations.

Naturally, the significant reduction of greenhouse gases gained
from the increased use of solar energy instead of fossil fuels makes
a contribution to the protection of environment and health for the
benefit of all societies on earth and helps to take the responsibility
we have for next generations.

!1 lon
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MODELING OF FUZZY LOGIC CONTROLLER FOR PHOTOVOLTAIC MAXIMUM
POWER POINT TRACKER

Ali. M. ELTAMALY
Electrical Engineering Dept., King Saud University,
Riyadh, Saudi Arabia

Abstract—In this paper a fuzzy logic controller for maximum power
point tracker of photovoltaic energy system is introduced. This
controller uses boost converter to control the terminal voltage of
PV system to work at the maximum power point. The load side is
consists of battery and control switches to control the power flow
from the PV system to the battery and the load. The system is
modeled using Matlab/Simulink program. The output power from
PV system in case of using fuzzy controller is compared with the
theoretical maximum power from the same system and the power
output in case of using best constant output voltage. The fuzzy
controller shows stable operation for different data introduced to
the system. It also restrains any overshooting in input or output
systems and increases a considerable amount of the energy
captured.

l. Introduction

The production of electric energy from PV has a lot of applications.
PV is environmental friendly and has no emission of harmful
gasses as the emission associated with conventional electricity
generation.

The power generated from PV is variable with its terminal voltage for
each value of radiation and temperature as shown in Fig.1. There
is one Maximum Power Point, MPP associated with each radiation
and temperature. Tracking this point to force the PV system to
work around it will substantially increase the energy produced.
That shows the importance of MPP Tracker, MPPT. MPPT needs

Output Power, pu

Maximum power curve
0.81 1
0.6/ 1000W/m® |
800W/m”

I 600W/m” i

0.4+ 400W/m’ 1
200W/m’

0.2

0.2 0.4 0.6 0.8 1
Terminal Voltage, pu

Fig 1. P-V characteristics of PV module.

fast and smart controller to counteract the fast change in weather
data or load changes. MPPT consists of two basic components,
dc-dc converter and its controller which is shown in Fig.2. Many
techniques have been introduced to catch the MPP. A survey
showing comparison of PV MPPT techniques is shown in [1,2].

PV Current
Sense

Load

PV Voltage
Sense

MPPT Control ‘

Fig 2. PV energy system with MPPT

In the direct coupled method [3,4], PV array is connected directly
to the loads without power modifier. To match the MPPs of the
solar array as closely as possible, it is important to choose the
solar array characteristics according to the characteristics of the
load. The direct-coupled method cannot automatically track the
MPPs of the solar array when the insulation, temperature, or, load
changed.

It is clear from the P-V curve of Fig.1 that, the ratio of the array’s
maximum power voltage, V_, to its open-circuit voltage, V_, is
approximately constant. So, PV array can be forced to work as
a ratio of its open circuit voltage. The literature reports success
with 73 to 80% from V__[5-8]. It is also observed that the relation
between the short circuit current and the current associated with
the maximum power is approximately constant. So it is possible
to use a constant current MPPT algorithm that approximates the
MPP current as a constant ratio of the short-circuit current [9,10].
The momentary interruption in the constant voltage or current can
be avoided by using a pilot cell [11].

mp? oc’

Another technique called perturb-and-observe (P&O), this process
works by perturbing the system by incrementing the array operating
voltage and observing its impact on the array output power. Due to
constant step-width the system will face high oscillation especially
under unstable environmental conditions. This technique suffers
from wrong operation especially in case of multiple local maxima.
A lot of modifications for this technique have been presented in
literature [12-20].
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The incremental conductance (IncCond) method [21-25] is based
on comparing the instantaneous panel conductance with the
incremental panel conductance. The input impedance of the dc-
dc converter is matched with optimum impedance of PV panel.
As noted in literatures, this method has a good performance
under rapidly changing conditions. But this technique requires
sophisticated control system. The parasitic capacitance algorithm
[23] is similar to IncCond technique except that the effect of the
solar cells’ parasitic junction capacitance Cp, which models charge
storage in the p—n junctions of the solar cells, is included.

Ripple correlation control (RCC) [26] makes use of ripple to perform
MPPT. RCC correlates the time derivative of the time-varying PV
power with the time derivative of the time-varying PV array current
or voltage to drive the power gradient to zero, thus reaching the
MPP. Simple and inexpensive analog circuits can be used to
implement RCC. An example is given in [30]. RCC quickly tracks
the MPP, even under varying irradiance levels. Another advantage
of RCC is that it does not require any prior information about the
PV array characteristics, making its adaptation to different PV
systems straightforward.

The hill climbing technique [26-29] uses a perturbation in the duty
ratio of the dc chopper and determine the change in power until the
change of power reach its almost zero value which is the MPP. Hill
climbing technique can be implemented by using PID controller or
by fuzzy logic controller, FLC.

FLC has been introduced in many researches as in [31]-[36] to
force the PV to work around MPP. FLCs have the advantages
of working with imprecise inputs, not needing an accurate
mathematical model, and handling nonlinearity.

Il. Model Of The Proposed System

In the proposed system, the simulation has been carried out using
three different techniques for comparison. In the first technique, a
Matlab file has been used to calculate the theoretical MPP. In the
second technique a constant terminal voltage of the PV is adjusted.
In the last technique, a fuzzy controller has been used as a MPPT.
The simulation of the proposed system has been implemented
using Matlab/Simulink program as shown in Fig 3. The simulation
of the proposed system contains sub-models that explained in the
following:

!1 lon
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A. Photovoltaic Cell Model

The PV cell model is based on the single-diode representation of a
silicon photovoltaic cell as illustrated in Fig 4. [37]. The governing
equations, which describes the |-V characteristics of a crystalline
silicon photovoltaic cell as described in [37] which solved
conveniently using SIMULINK as shown in Fig 5.

MA—>-¢

lpve

R 1, [Rs
Veve -
Rsh g
I@ a

4
Fig 4. Equivalent circuit of photovoltaic cell.
T
Cell Temperature N

¥

€
Jeell(filtered)

Fig 5. Simulink model of PV cell.

B. Battery and Load Model

The battery model is shown in many literatures and explained in
details in [38]. The accuracy of this model data is very important
in the whole system. The battery model has the following input
parameters,

1. Initial state of charge (SOC), indicating available charge,
Highest and lowest state of charge, SOC, , SOC, (Wh).
Number of 2V cells in series.

Charge and discharge battery efficiency; K.

Battery self-discharge rate.

o wb

A control switches are necessary to control the charging and
discharging the battery. These switches are necessary to keep the
battery from being overcharged or undercharged which significantly
reduce the battery’s life. The control switches are shown in Fig 6.

Pev s R
o . —>
| 51 |
L
PV
system Battery Load
[ | |

Fig 3. Simulink simulation model of the proposed system.

Fig 6. Block diagram of charging control.
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The operating logic used in the control switches is shown in Table
(1) Switch S, will stay ON unless SOC reaches its maximum value,
SOC,,. Switch S, will stay ON unless SOC its minimum value,
SOC

L

Table 1. The operating logic used in the control switches.
Mode S, S, SoC
1 OFF ON SOC=S0C,,
2 ON OFF SOC=SOC,
3 ON ON SOCL < SOC< SOC,,

C. Boost converter Model

Boost converter model has been designed as shown in Fig 7.
The inputs of this model are the change required in duty ratio, AD,
Radiation, and PV current, |, The outputs of this model are the
PV output voltage, V. duty ratio, D and output current. The value
of AD is subtracted from D to get the new value of D depending on
the following equation

D(k+1)=D(k) AD(k) 1)
The value of D is used to determine V,,, as shown in (2).

VPV: V; (1-D) (2)
where, Vo is the boost converter output voltage
PV voltage, VPV obtained from (2) and IPV used to obtain Vo. The

output current that feeds the battery and load can be obtained from
dividing the output power on V.

P(n) —p(n—-1)

Em = o =vin=1)

©)}

AEMm)=Em)—EMm-1) 4)

E. Fuzzy Logic Controller Model

The FIS editor is an effective Graphical User Interface (GUI) tool
provided with the fuzzy logic toolbox in Matlab to simplify the design
of the FLC which are used in this system. The output power from
the PV system and the voltage are used to determine the E and AE
based on (3) and (4). Predicting the range of E and AE depends on the
experience of the system designer. These variables are expressed
in terms of linguistic variables or labels such as PB (Positive Big),
PM (Positive Medium), PS (Positive Small), ZE (Zero), NS (Negative
Small), NM (Negative Medium),NB (Negative Big) using basic fuzzy
subset. Each of these acronyms is described by a given mathematical
membership functions, MF as shown in Fig 9. MF is sometimes made
less symmetric to give more importance to specific fuzzy levels as
in [35] or it can be symmetric as shown in [39] and used here in this
paper. The inputs to a FLC are usually E and AE. Once E and AE
calculated and converted to the linguistic variables based on MF, the
FLC output, which is typically a change in duty ratio, AD of the power
converter, can be looked up in a rule base Table 2. FLC membership
functions for both inputs and output variables can be used as triangle-
shaped function which is easiest way to be implemented on the digital
control system. The linguistic variables assigned to AD for the different
combinations of E and AE are based on the power converter being
used and also on the knowledge of the user.

<
Bl
Memory3 Vo
N CE "
@
Vpv
Voi1-D)
Dty Ratio ) ou-b)
0<De1
(2 )
Radiation . Product Duty
Saturationt
» =
() » x | x o
Ipv ﬁ PowerVo
Efficiency Power

Fig 7. Simulink model of the boost converter used in the simulation.

D. Model of calculating Error and its variation, E and AE

The Simulink model of calculating E and AE is shown in Fig 8. The
input values of this module are I, and V. These values are used
to calculate the power from PV array. Then the error signal can
be calculated depending on (3). The value of AE is calculated as

NB N S  ZE PS PM PB

Error, E
MFs

NB M S ZE pPS PM PB

Change of
Error,
MFs

NB N S ZE PS PM PB

Change in
Duty Ratio
MFs

Fig.9 A fuzzy system with two inputs, 1 output and 7 MFs each.

Table (2) Rules for a fuzzy system with 2-inputs and 1 output with
7-membership functions.

shown in (4). =
E NB NM NS ZE PS PM PB
NB NB NB NB NB NM NS ZE
NM NB NB NB NM NS ZE RS
NS NB NB NM NS ZE PS PM
ZE NB NM NS ZE RS PM PB
PS NM NS ZE PS PM PB PB
Hemor PM NS | ZE ps | pm | PB | PB | PB
Fig 8. Simulink model of calculating E and AE. PB ZE PS PM PB PB PB PB
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These linguistic variables of input and output MFs are then
compared to a set of pre-designed values during aggregation
stage. The accurate choose the relation between input and output
function determine the appropriate response of the FLC system.
The relation between them depends on the experience of the
system designer. These relations can be tabulated as shown in
Table 2 [40,41]. Some researches proportionate these variables to
only five fuzzy subset functions as in [33]. Table 2 can be translated
into 49 fuzzy rules IF-THEN rules to describe the knowledge of
control as follows;

R, If Eis NM and AE is PS then AD is NS
R If Eis PM and AE is NS then AD is PS

R, If E is PS and AE is NB then AD is NM

In the defuzzification stage, FLC output is converted from a linguistic
variable to a numerical variable by using MF. This provides an
analog signal which is AD of the boost converter. This value is
subtracted from previous value of D to get its new value as shown
in (1).

Defuzzification is for converting the fuzzy subset of control form
inference back to values. As the plant usually required a nonfuzzy
value of control, a defuzzification stage is needed. Defuzzificaion
for this system is the height method. The height method is both very
simple and very fast method. The height defuzzification method in
a system of rules by formally given by (5):

m n
AD=(Zc(k)*ij/z Wy (5)
k=l k=l
where AD = change of control output
c(k) = peak value of each output
W, = height of rule k.
The relation between the inputs and the output of the fuzzy
controller can be represented as a 3-D drawing which called
surface function, is shown in Fig 10. It is clear that the surface
function is approximately smooth which enhance the stability of
the fuzzy system.
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Fig 10. Surface function of the proposed FLC
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lll. Simulation Results

The radiation and temperature data which used in simulation
are from realistic hourly data of the Riyadh city of Saudi Arabia.
These data is concentrated in narrow range of time (4sec.) which
approves the robustness of the FLC. 500 Watts PV array is used
in simulation. The simulation is carried out with FLC and constant
voltage technique for the purpose of comparisons.

These two MPPT techniques have been compared with theoretical
MPP from PV module which can be calculated using a Matlab file.
The load is connected with a PV array through a battery. Fig 11
shows in the first trace the solar radiation used in the simulation.
In the second trace of Fig 11, the output power for FLC and
constant voltage MPPT technique compared with the theoretical
value of MPPT. It is clear from second trace that, the power
output with FLC is following the theoretical MPP exactly but the
output power with constant voltage control is considerably lower
than that associated with FLC. Moreover FLC can restrain any
overshooting in the input or output variables. Third trace of Fig 11
shows the value of AD which is the output from FLC. This value
can be used to modulate the value of the duty ratio. Fourth trace
of Fig 11, shows the duty ratio of the boost converter. Fifth and
sixth trace of Fig 11, show the error function, E and the change
of error, AE.

100 — "
-

e Y S S I 3 35 4
50

b I L .I O R
IV T A R

firme {sec)

Delta{Error)
=)

2

Fig.11 Simulation results of the propose FLC system.

Output power from PV system using FLC and constant voltage
along with the theoretical MPPT are shown in Fig 12 for the
purpose of comparison. It is clear from Fig 12 that the output power
associated with FLC system follows exactly the theoretical MPPPT
which proves the superiority of the system.
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Fig.12 The output power from PV system using FLC and constant voltage
along with the theoretical MPPT.
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IV. Summary

The generated power from the photovoltaic cell is changing with
the operating voltage of the PV cell for each value of radiation and
temperature. There is a maximum power point, MPP at certain
voltage of the PV cells. Maximum power point tracker, MPPT is
used to track this point. Simulation results reveals that, tracking the
MPP by using the fuzzy logic control, FLC proves an exact tracking
for the maximum power point even in highly changing weather
conditions. Also, FLC has a very fast and accurate response for
any fast change in the weather or load variations. FLC system
restrains any overshooting in input or output systems and increases
a considerable amount of the energy captured.
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ANALYSIS OF PARABOLIC TROUGH SOLAR COLLECTOR WITH SINGLE
AND DOUBLE GLAZING COVERS

A. A. MOHAMAD
College of Engineering, Alfaisal University

Abstract

Parabolic trough solar collector usually consist a parabolic solar energy
concentrator, which reflects solar energy to absorber. The absorber is
a pipe painted with solar radiation absorbing material located inside a
vacuumed glass tube to minimize the heat losses. Typical concentrati-
on ratio ranges from 30 to 80, depending on the radius of the collector.
The working fluid can reach temperature up to 400 oC, depending
on the concentration ratio, solar intensity and other parameters. Hen-
ce, it is an idea device for power generation and/or water desalination
applications. However, as the length of the collector increases and/
or the fluid flow rate decreases the rate of heat losses increases. The
current work introduces an analysis for the mentioned collector for
single and double glass tubes. The main objectives of this work are
to understanding the thermal performance of the collector and identify
the heat losses from the collector. Hence, the working fluid, tube and
glass temperatures variation along the collector are given with variati-
on of the heat losses along the heated pipe. It should mention that the
working fluid may experience a phase change as it flows through the
tube. Hence, the heat transfer correlation for each phase is different
and depends on the void fraction. However, as a first approximation
the effect of phase change is neglected.

1. Introduction

In general, the solar collectors can be classified into three categories,
Point collector (high temperature, order of 1000 or more), line collector
(intermediate temperature, order of 200 °C or more) and plane col-
lector (low temperature, order of 100 °C and less). Point collectors
usually consist a parabolic mirror concentrate the solar radiation into a
small area (point), or it consists many mirrors directs solar energy into
a small area. This type of collectors need solar tracking mechanisms
and usually applied for power generation, metal melting, hydrogen pro-
duction, etc. The second type is line collector, which is usually consist
a parabolic cylinder directs solar radiation into a pipe (line). The pipe
coated with solar absorbing material and covered with glass tube. The
gap between the glass tube and pipe is usually fully or partially eva-
cuated from air for better performance. Also, for better performance,
the absorber may be painted with selective material and anti-reflective
glass is usually utilized. This type of collector can reach 300 °C or
more depending on the concentration ratio, flow rate and solar inten-
sity. The tracking mechanism for this type of collector is simpler than
the tracking mechanism for the point collector. It has been applied for
power generation in many locations around the world (Dudley et al,
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1994; Lippke, 1995; Kalogirou, 1997; Hermann et al., 2004; Rolim et
al, 2009). State of art review of trough solar collector applications for
power generation is given by Price et. al. (2002). Application of trough
solar collector for water disinfection is given by Malato et al., (2007).
Also, it is an ideal device for water desalinations, where the salted wa-
ter can be flashed after passing through the collector. The evaporated
water can be condensed and used as fresh water after processing. Flat
plate type of solar collector usually consist a flat plate to absorb solar
radiation with glass cover. In general the flat plate collector does not
need solar tracing mechanism. This type of collector usually operates
at temperature order of 100 oC. However, for vacuumed glass tubes
and if the solar intensity is high, the temperature may reach above 150
oC. The more attracting feature of this type of collector is that it does
not need solar tracking mechanism. The main application of this type
of collector is for domestic water and space heating. Different types
of solar collectors and their applications were reviewed by Kalogirou
(2004).

In this paper, the second type of the collector (line) is considered. Howe-
ver, the model developed can be applied even for flat plate, vacuumed
tube, collector, by setting the concentration ratio to unity. Hence, the
model developed in this research is targeted both types of collectors.

Espana and Rodriguez (1987) developed a mathematical model for
simulating the performance of trough collector. They assumed that ab-
sorber is a bare tube exposed to ambient conditions.

Grald and Kuehn (1989) studied the thermal performance of a cylind-
rical trough solar collector with innovative porous absorber receiver.
They solved fluid dynamic and energy equations using finite difference
method. The system is designed to reduce heat losses as much as
possible by allowing cold water pass through outer layer of the absor-
ber and hot fluid extracted from the core of the absorber. The thermal
efficiency of the system is about 60% for a low temperature difference
between the fluid outlet temperature and ambient temperature. Howe-
ver, the efficiency of the system drops to about 30% for high tempe-
rature differences.

Kalogirou et al (1997) published an analysis for hot water flow thro-
ugh a trough solar collector with water flashing system. The results of
analysis indicated that about 49% of the solar energy can be used for
steam generation.
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Odeh et al. (1998) presented an analysis for water flow inside the ab-
sorber tube as an application for direct steam generation. The analy-
sis considered phase change of the liquid water to steam. Therefore
the convection heat transfer coefficient is a function of steam quality
and Shah’s equation was used (Gunger and Winterton, 1986; Step-
han 1992). The model predictions were evaluated against Sandia La-
boratory tests of LS2 collector (Dudley et al., 1994). Performance of a
combo system (photovoltaic and thermal) was reported by Coventry
(2005) by using a trough collector covered with photovoltaic materials
with concentration ratio of 37. It is found that the thermal efficiency of
the system can reach 58% and electric efficiency is around 11%.

The current work analyzes heat transfer from trough solar collector
with single and double glass covers. The gaps between glass covers
and between glass cover and absorber are evacuated from air. The
main objective of the work to identify the losses associated with tro-
ugh solar collector, especially at high temperature application. As a
fact, the rate of heat losses increases as the temperature difference
between a system and ambient increases. Hence, using double glass
cover may be beneficial at a certain temperature difference.

Analysis

Solar radiation is mainly absorbed at the outer surface of the absorber
tube as a heat. Part of the absorbed heat transfers to the working fluid
by conduction through tube wall and convection from inner surface of
the tube to the fluid. Other part of the heat transfers as losses by ra-
diation to the inner surface of the glass through the vacuum and then
by conduction from inner surface of the glass to the outer surface of
the glass. The heat dissipated to ambient from the outer surface of
the glass by two mechanisms, convection to the surrounding air and
by radiation to the surrounding surfaces (buildings and sky). Figure 2
shows the thermal resistance diagram for the heat transfer process,
for single glass cover. Extra resistance need to be added to model
double glass covers, after R, in the diagram.

By assuming that surrounding surface temperature is equal to the
ambient air temperature, The model equation for a single glass cover
can be expressed as:

Tea =T Tea — T,
lat2an, = = = : = ()
Ra+R: Ry 4R +[R+ RY
dT Teo — T,
he—o= 2 L @
dx Ry 4+ Ry

The left hand side of the equation (1) represents the total solar energy
absorbed by the outer surface of the tube. The first term on the right
hand side of the equation represents the rate of heat transfer to the
fluid inside the tube. The second term on the right hand side of the
equation (1) represented heat losses to the ambient. The left hand
side of the equation (2) represents useful rate of heat transferred to
rise the fluid temperature as it passes through the tube.

The above equations are coupled and nonlinear because the rate of
heat transfer from the tube to glass takes places by radiation. Also,
the rate of heat to the surrounding surfaces and sky takes place by
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radiation. However, the above equation can be combined into one
equation by replacing the right hand side of equation (2) into the first
equations, yields

dTey

Teo =T
me— larD— I =
. Ry + Ry + [R3* + RP]
Equation (3) contains two unknowns, Tfb and Tbo hence there is
need to solve equation (3) coupled with equation (1).
The explicit forms for thermal resistances are as follow:

1 1

Rl:..-'q"!'n R: =':?'ﬁ|n?"m
1
R.=
° 5 1 3.__I.E Tha I a -1
2nom, [+ (22 [z + 72)(r. + 7,)]

1 (4)

R4 = mlﬂ?‘gu 1
Tai Re 2r ok,
1

Rg = and

eo2nny, (T + T:}(ngc +73)

It is fair to assume that R, and R, are negligible compared with other
thermal resistances. Then inner surface temperature of the tube (T,)
is equal to the outer surface of the tube (T ). Also, the outer surfa-
ce temperature of the glass tube (Tgo) is equal to the inner surface
temperature of the glass cover (Tgi). Hence, the equation (1) and (2)
simplifies to,

T=¢'_Tj'b Teo=Ts
R -1, p=1]?
i RI+[RE + Rs]

lath= and

T, Taa =T
n':cu,”': bo i

dx Ry

respectively. Yet, the above equations are not easy to solve beca-
use nonlinearity introduced by radiative heat transfer (see R, and
R,). Hence, equations (5) and (6) are needed to be solved iteratively,
using finite difference method. However, to close the solution, there is
a need for another equation to find glass temperature (Tg), which is,

Too = T;
Ra  Ry+[rit+ RY]T

Too —Tp _

(6)

Calculating Heat Transfer coefficient
The rate of heat transfer for turbulent forced flow in a pipe is given by
Dittus-Boelter correlation as (Kreith and Kreider, 1981),

Nu = 0.023 Re°2Pr3
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Where Nu=h dp/kf, Re= (4 m)/(ud ).

Convective heat transfer coefficient from the outer surface of the
glass tube to ambient air is calculated from the following correlation,
h, = 00191 + 0.006808 V.., where V___ is wind velocity in m/s

wind

and h, is in W/m?.K.

For double glass cover, the resistance R, can be replaced by two
resistances, hence R, in equation (5) and (7) replaced by,

- R 1 1-&fn, - . =
Ra= 2not, [;+ 21 (;)]E(I‘ +T51)(T: + T;’ )]

% Er:.:r-vlﬁr1 [L.'- ! :';;: (:_;)][ Tgl + TQ::)(TH‘- + T.F: )]':I

£g1

Where subscript g, and g, stand for first and second glass covers,
respectively. Also, for double glass cover, T in equation (1) should

be replaced by 72

Results And Discussions

The results are presented for aperture diameter of one and three
meters. The range of flow rate investigated from 0.005 to 0.05 kg/s.
All the simulations were done for a constant solar intensity of 500
W/m?2. Due to space limitations only representative results will be

presented and discuss.

Figure 3a shows the fluid, absorber and glass cover temperature
change along the collector for the flow rate of 0.005 kg/s. For such
a low flow rate it is possible for the fluid to reach temperature of
about 230 °C for collector with aperture of one meter. However,
the heat losses increase as the length of the collector increases,
Fig. 3b. For a collector of 10 m long, the thermal efficiency of the
collector is about 60%. As the length of collector increase the heat
losses increase because the temperature difference between the

absorber and ambient increase, Fig. 3.

The outlet temperature of the fluid from the collector deceases as
the flow rate increase to 0.01 kg/s, Fig. 4a. The outlet fluid tem-
perature for the specified collector reaches about 170 °C for the
flow rate of 0.01 kg/s compared with 230 °C for the flow rate of
0.005. However, the losses decreases as the flow rate increase.
Figure 4b illustrates the heat losses and efficiency of the collector
as a function of collector length for the flow rate of 0.01 kg/s. The
thermal efficiency of the collector of length 20 m is about 60%. Furt-
her increasing the flow rate to 0.05 kg/s decreases the fluid outlet
temperature and increases the efficiency of the collector, Fig. 5a
and 5b, respectively. However, for such high flow rate the outlet
fluid temperature is about 70 oC, only. Such a low temperature is
difficult to be utilized for power generation or water desalination

processes.

Results for aperture of three meter are shown in Fig. 6 for flow rate
of 0.01 kg/s. The outlet temperature of the fluid can reach 370 °C.
However, the losses also are high, where the efficiency drops to

about 45%.

Hence, for high temperature application, the losses increases dras-
tically as the length of the collector increases due to the fact the
temperature difference between the absorber and ambient incre-
ases. Hence, it is suggest that increasing the thermal resistance
is necessary at least for collector length greater than 10 m, as the
results of losses analysis suggest. Hence, it is suggested to use
double glass covers with vacuumed gaps.

Due to the limited space only results for double glaze covers solar
collector will be discussed. It is possible to reach fluid outlet tem-
perature of 190 °C for flow rate of 0.01 kg/s, compared with 170 °C
for single glass cover collector, i.e., 20 °C gain in the temperature.
However, the gain in efficiency is only a few percent. But, the effici-
ency for aperture of 3.0 m is about 50% and outlet fluid temperature
of about 400 °C compared with 45% and 370 °C for single glass
cover system.

The results show that using double glass covers for solar collectors
of length of 10 or less is not economical. However, it is beneficial
to use double glass covers for collector length larger than 10 m.
Hence, it is good idea to use single glass cover for the first 10 m
and double glass cover for any length beyond 10 m.

References

Coventry J. S., Performance of a Concentrating Photovoltaic/Ther-
mal Solar Collector, Solar Energy, Vol. 78, 2, pp. 211-222, 2005.
Espana, M. D and Luis Rodriguez, V., Approximate Steady-State
Modeling of Solar Trough Collectors, Solar Energy, Vol. 38, No. 6,
pp. 447-454, 1987.

Kalogirou S. A., Solar thermal collectors and applications, Progress
in Energy and Combustion Science, Vol. 30, 3, pp. 231-295, 2004.
Kreith, F. and Kreider, J. F, Principles of Thermodynamics and
Heat Transfer Applied to Solar Energy, Solar Energy Handbook,
McGraw-Hill, New York, 1981.

Grald, E. W. and Kuehn, T. H., Performance Analysis of a Parabo-
lic Trough Solar Collector with a Porous Absorber Receiver, Solar
Energy, Vol. 42, 4, pp. 281-292, 1989.

Hermann U., Kelly B. and Price H., Two-Tank Molten Salt Storage
for Parabolic Trough Solar Power Plants, Energy, Vol. 29, 5-6, pp.
883-893, 2004.

Kalogirou, S., Lloyd S. and Ward J., Modelling, Optimization and
Performance Evaluation of a Parabolic Trough Solar Collector Ste-
am Generation System, Solar Energy, Vol. 60, 1, pp. 49-59, 1997.
Odel, S. D., Morrison, G. L. and Behnia M., Modelling of Parabolic
Trough Direct Steam Generation Solar Collectors, Solar Energy,
Vol. 62, 6, pp. 395-406, 1998.

Price, H., Lupfert, E. and Kearney, D., 2002, Advances in Para-
bolic Trough Solar Power, J. Solar Engineering, Vol. 124, 2, pp.
109-126.

Gunger K. E. and Winterton, R. H., A General Correlation for Flow
Boiling in Tubes and Annuli, Int. J. Heat and Mass Transfer, Vol.
29, pp. 351-358, 1989.

Stephan K, Heat Transfer in Condensation and Boiling, Springer-
Verlag, New York, pp. 174-230, 1992.

Dudley V, Kolb G., Sloan M. and Kearney D., SEG2 LS2 solar




BILDIRILER KIiTABI

Collector-Test Results, SANDIA94-1884, Sandia National Labora-

tories, Albuquerque, NM, USA, 1994.

Lippke, F., Simulation of the Part-Load Behavior SEGS Plant,
SAND95-1293, Sandia National Laboratories, Albuquerque, NM,

USA, 1995.

Malato S., Blanco J, Alarcon D.C., Maldonado M.l, Fernandez-
Ibanez P. and Gernjak W., Photocatalytic decontamination and

disinfection of water with solar collectors, Catalysis Today,
Vol. 122, 1-2, pp. 137-149, 2007.

Rolim, M. M., Fraidenraich, N. and Tiba C., Analytic Modeling of
Solar Power Plant with Parabolic Linear Collectors, Solar Energy,

vol. 83, pp. 126-133, 2009.

mirror solar ray
glass tube
,r":"‘:-;_;
A .
(l .‘f— pipe (absorber)
A\ /]

N—~

Figure 1. Schematic diagram of the collector

Figure 2. Thermal resistances diagram
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AKDENiZ BOLGESI ICIN YATAY DUZLEME GELEN AYLIK ORTALAMA TUM
GUNES ISINIMININ TESPITi

Bekir YELMEN
Aksaray Universitesi Ortakdy MYO

Ozet

Glines enerjili sistemlerin tasariminda, gtines 1sinimi verilerinin
dogrulugu son derece énemlidir. Literatiirdeki mevcut calismalara
bakildiginda giines isinimi ve glneslenme stresini 6lcen
sistemlerin kurulmasinin pahali olmasindan dolayi, segilen bdigeye
en yakin bdlgede dliciilen degerler kullanilarak calisma yapilacak
bélge igin bagintilarin gelistirildigi gérilmektedir. Bu formdillerden
en cok bilineni ve yaygin olarak kullanilani Angstrém formdiltiddr.
Yeryiiziine gelen anlik, saatlik ve ginlik gtines 1sinimi degerleri,
bazi meteoroloji istasyonlarinda yapilmaktadir. Bunun yani sira
bazi bélgelerimizde ise bu dlgiimler hala yapilamamaktadir. Bu
bdlgelerdeki gtines enerjisi uygulamalari icin gelistirilen bagintilar
yardimiyla yeryiziine gelen anlik, saatlik ve gunliik glines 1sinimi
degerleri hesaplanabilmektedir.

Bu calismada; Akdeniz Bélgesindeki iller igin yatay diizleme gelen
ortalama tdm giines 1sinim hesabi vb. ifadeler tiretilmis ve Akdeniz
Bélgesinin tamaminda kullanilabilecek lineer ve ikinci dereceden
bagintilar alternatif olarak sunulmaktadir.

Anahtar Kelimeler: Glines enerjisi, Glines isinimi, Guneslenme
stiresi, Kurutma.

Giris

Enerji talebinin ve fosil yakit fiyatlarinin artmasi Ulkelerin ener;ji
tuketimlerini azaltmalarina ve yenilenebilir enerji kaynaklarinin
kullanimina yénlendirmistir. Fosil yakitlarin kullanimi endise verici
boyutta klresel 1sinma gibi cevresel problemlerin olusmasinin
sebepleri arasindadir. Genel olarak, gines ve rizgar enerijisi
sistemlerinin calismalari esnasinda duslk emisyonlari olmasi,
guvenli olmalari ve cevreye karsi duyarli olmalari son yillarda bu
enerji kaynaklarinin kullaniminin artmasina neden olmustur [1].

Glnes enerijili sistemlerin dizayni ve optimizasyonu igin tim
glnes 1sinimi degerleri gereklidir [2, 3]. Baslica yenilenebilir enerji
kaynagi olan guines enerijisi; glines enerjili su isiticilarinda, tarim
Urunlerinin kurutulmasinda, glines firinlarinda ve ocaklarinda,
odun kurutulmasinda, binalarin sogutma ve isitma sistemleri ile
fotovoltaik pillerde kullaniimaktadir[4,5]. Glines enerjisi glinimiizde
sicak su temin edilmesi ve yizme havuzu isitiimasinda; tarimsal
teknolojide, sera isitmasi, sanayide, deniz suyundan tuz ve tatli
su Uretilmesi, gines pompalari, glnes havuzlari, Isi borusu
uygulamalarinda, ulasim-iletisim araclarinda, sinyalizasyon ve
otomasyonda, elektrik tretiminde kullaniimaktadir [6].

Turkiye; 36-420 kuzey enlemleri ve 26-450 dogu boylamlari
arasinda kuzey yarimkirenin gunes kusaginda bulundugundan
dolayr vyeterli miktarda glnes enerjisi potansiyeline sahip
bulunmaktadir [7,8]. Turkiye’de yillik ortalama toplam glineslenme

Osman Giirkan YELMEN
Aksaray Universitesi

sliresi 2640 saat/yil (7.2 saat/glin) ve ortalama yillik toplam glines
isinimi 1311 kKWh/m2-y1l olarak gerceklesmektedir.

Yenilenebilir enerji kaynaklarindan daha fazla faydalanabilmek icin
o bolgedeki glines enerjisi potansiyelinin dogru olarak bilinmesi;
glines enerjisi ve guines enerjili sistemler alaninda ¢alisma yapan
muhendisler, mimarlar, ziraatcilar, meteorolojistler ve hidrolojistler
icin dnemli bir girdi olusturmaktadir.

Glnes enerjisi potansiyelinin  belirlenmesi, gines enerjisi
uygulamalari ve sistemleri icin saghkl, guvenilir ve kolay ulasilabilir
glines verilerine ihtiyag vardir. Olgme aletlerinin pahali olmasi,
Olctim teknikleri ile ilgili problemler ve élgimun belirli kuruluslar
tarafindan yapilmasi, 1sinim ve gineslenme slreleri gibi giines
verilerine ulagsmayi zorlastirmaktadir.

Tarkiye’de giines ile ilgili dlciimler, basta Devlet Meteoroloji isleri
Genel Mudirligii (DMI), Elektrik isleri Etit idaresi Genel Mudrligu
(EIE) ve arastirma amagli olarak sinirli sayida bazi (niversiteler
tarafindan yapilmaktadir. Gulnes enerjisi uygulamalarinda ve
sistemlerinin analiz ve tasariminda gilines 1sinimi ile ilgili modeller
siklikla kullaniimaktadir. Giines 1sinimi tahmini icin gelistirilen
modellerin gogu glineslenme siiresi, bulutluluk, bagil nem, minimum
ve maksimum sicakliklar gibi mevcut iklim parametrelerine
dayanmaktadir [9-11]. Wong ve Chow [12] mevcut modellerle ilgili
detayl bir calisma yapmislardir. Turkiye’'de farkli yerlesim alanlari
icin glines enerijisi verileri ile baglantih bagimsiz bir cok calisma
[13-15] olmasina ragmen, bu calismalar henliz tamamlanmamistir
ve yeterli dizeyde degildir.

Kullanilan Modeller

Yatay Diizleme Gelen Ayhk Ortalama Tim Gines Isinimi
Hesap Yontemleri

Bu calismanin amaci, Akdeniz Bélgesi icin yatay dizleme gelen
aylk ortalama ginlik tim gunes isiniminin tahminlenmesinde
birka¢ modelin gecerliliklerinin denetlenmesi ve en dogru modelin
secilmesidir. GUnes 1sinimi tahminlenmesinde ;

Angstrom-Prescott-Page Modeli
Angstrém-Prescott-Page modeli en yaygin olarak kullanilan
modeldir ve asagidaki sekilde gosterilmektedir.

H S
— = a+bl—
H, So

Burada H aylik ortalama gunlik tim glines i1sinim, Hj aylik
ortalama gunlik atmosfer digi 1ginim, S, aylik ortalama gun
uzunlugu, S aylik ortalama glneslenme siuresi a ve b ise
deneysel katsayilardir.

(1)
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Yatay dlUzlemdeki ayhk ortalama gunlik atmosfer disi i1sinim
asagidaki denklemle hesaplanmistir[16].

24

Ho = —lg f [cos}»cos&sincos+

n . .
780 ® g.sink .smS] 2)

le = Gines sabiti (1367 W/ m?)

f = Eksenden kaciklik faktori

A = Bolgenin enlemi (°)

8 = Deklinasyon agisi (°)

o, = Verilen ay igin ortalama glinesin dogus-batis saat agisi (°)

Eksenden kaciklik faktérii, deklinasyon acisi ve giinesin
dogus-batis saat acisi

360.
=1 +0.033 cos | =2 ®)
365
_ .| 360
6 =23 .45sm[ 365 (284+n)j 4)
o= cos ! (—tan X\ tan §) 5)

N

formdilleri ile hesaplanabilir. Burada n ayi temsil eden guni
gbstermektedir. Verilen bir ay igin, ortalama giin uzunlugu (S)
asagida verilen denklem kullanilarak hesaplanabilir.
2

S, = 75 ©s (6)
Esitlik (1)’'de yer alan a ve b regresyon katsayilari, gesitli bdlgeler
icin olculen gunes 1sinim degerlerine bagh olarak hesaplanmistir.
Asagida Turkiye’'de bazi iller icin elde edilen glineslenme siiresine
bagl lineer ve ikinci dereceden esitlikler verilmistir:

Model-1: Page Modeli

Page dinyanin her yerinde uygulanabilir olacagina inanilan
Agstrom-Prescott-Page modelindeki katsayilari asagidaki sekilde
vermistir[17].

o o

i=0.23+o.48[i] @)
H S

Model-2: Specific Monthly Rietveld Modeli
Soler, Rietveld modelini Avrupadaki 100 istasyona uygulayarak
Tablo 1°de verilen bagintilar bulmustur[18].

Tablo 1. Specific Monthly Rietveld Modeli Bagintilar
Aylar Formiil Aylar Formiil
H S H S
Ocak =0.18+0.66 {T] Temmuz = 0-23+0.53 [S—]
o o o o
H N . H N
Subat E:t).zmo.ao ESJ Agustos " 0.22+ 0.55(5]
H 5 H N
——=0.22+0.58 |— 0 —— =0.20+ 0.59|—
Mart Ho {SUJ Eylul Ho [SoJ
H s H s
Nisan —=0.20+0.62 | — Ekim — = 0.19+ 0.60|—
HO SO HU SO
H N H N
Mavi ——=0.24+0.52 |— Kasim — = 0.17+ 0.66|—
ayls , 5, as H, 5,
H s H N
Haziran | 7 =0.24+0.53 {E} Aralik o, C 0.18+ 0.65 [gj
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Model-3: Kilig ve Oztiirk Modeli
Kilig ve Oztiirk Agstrom-Prescott-Page modelindeki a ve b
deneysel katsayilarini Turkiye i¢cin hesaplamiglardir[19].
a=0.103 + 0.000017Z + 0.198cos(%. - §)

8
b= 0.533 - 0.165 cos(\-d) @

Z , bodlgenin ylkseklik degeridir.

Model-4: Akinoglu ve Ecevit Modeli
Akinoglu ve Ecevit H/HO ile S/SO arasinda Turkiye icin polinom
denklemini elde etmislerdir[20].

2
o 14540 845|150 280 |- 9)
H() S() SO

Model-5: Bahel Modeli
Bahel asagidaki bagintyr énermistir[21].

H

o

- S
0‘175“)‘552[3 J (10)

()

Model-6: Louche Modeli
Louche glines i1sinimi icin asagidaki bagintlyr dnermistir[22].

H

=0<206+0<546[S—J (11)

o

I

Modellerin Analizi ve Karsilastirma

Bu calismada, Akdeniz Bolgesindeki iller icin yatay dizleme
gelen tim glnes 1sinimi, literatirde mevcut bazi modellerden
gelistirilen esitliklerden yararlanarak hesaplanmis ve sonuglar
cesitli mukayese metotlari ile karsilastinimistir.

Bunun icin yatay diizleme gelen tiim giines isinimi 8l¢ciim degerleri
DMi'den temin edilmistir. Olcillen degerler referans alinarak, aylik
ortalama tim glnes 1siInimi ve glneslenme suresi tahmininde
kullanilan hesaplama ydntemlerinin istatistiksel analizi yapilmistir.
Tablo 2'de meteoroloji istasyonu tarafindan olgulen ve farkli
modeller yardimiyla hesaplanan Akdeniz Bolgesindeki iller igin
yatay duzleme gelen aylik ortalama gunlik tim glnes 1Sinimi
degerleri ile R2 (belirlilik katsayisi) degerleri verilmistir.

Belirlilik katsayisini bulmak icin; standart sapma ve hesaplanan
degerlerin dlcim degerlerinden sapmasi ile élcim degerlerinin

ortalamasi bulunur.

Korelasyon katsayisi (r):

Esitlikte, S, standart sapmayi ve S_ hesaplanan degerlerin 6lgim
degerlerinden sapmasini gostermektedir. S, ve S, asagidaki
esitliklerden bulunabilir :

n

-_— 2

S =Z(H6 - Hd,i)
i=1

n

2

SV =z (Hé',i _Hh,i)
i=1
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Burada; Hﬁ, Olcim degerlerinin ortalamasidir ve asagidaki gibi
hesaplanabilir :

n
H,

0,1
= i=1
Ho=——p—
Modellemenin 6lcim degerlerini iyi temsil ettiginin gdstergesi

olarak S, ve S _degerlerinin kiiglk, korelasyon katsayisinin mimkan
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oldugunca bire yakin olmasi gerekir. R2 (belirlilik katsayisi)
degerlerine bakilacak olursa uygulanan birka¢g model haricinde
tim modellerin kullanilabilirligi gérilmektedir.

Kullanilan yéntemlerden hesaplanan giines i1sinimi miktarlari
tahminlemesinin  meteoroloji  istasyonunun élcimleri ile
birlikte karsilastirmali olarak aylara gore grafikleri sekil 1’de
verilmistir.

Tablo 2. Aylara Gore Modellerden Elde Edilen Tiim Giines Isinimi Sonugclari ve Olciim Degerleri

Z=20m | Adana H_pmintenen ( MJ /M2 - giin ) Z=100m | Antakya H. . minienen ( MY /M2 - giin )

Aylar m"'f(g’:fr:) Model1 | Model2 | Model3 | Model4 | Models | Models Aylar SS(QMU‘;/) Model1 | Model2 | Model3 | Model4 | Model5 | Models
Ocak 6,75 7,78 8,37 7,13 8,20 7,42 7,90 Ocak 5¥ 6,82 7,00 6,28 6,92 6,28 6,78
Subat 10,12 10,31 10,95 9,75 10,90 9,87 10,49 Subat 8,63 9,95 10,46 9,49 10,43 9,42 10,06
Mart 13,69 13,43 14,56 13,13 14,21 12,87 13,68 Mart 12,23 13,90 15,12 13,61 14,75 13,39 14,20
Nisan 17,96 17,05 18,59 17,05 18,10 16,45 17,43 Nisan 16,09 18,06 19,88 17,94 19,21 17,59 18,57
Mayis 21,13 21,50 22,93 21,29 22,85 21,16 22,24 Mayis 19,13 22,38 23,88 22,05 23,72 22,16 23,24
Haziran 23,32 23,93 25,84 23,46 25,29 23,79 24,90 Haziran | 21,79 24,80 26,80 24,19 26,07 24,79 25,89
Temmuz| 22,96 23,74 25,24 23,17 25,04 23,66 24,74 Temmuz| 21,59 25,30 26,97 24,45 26,38 25,46 26,52
Agustos 21,2 22,08 23,69 21,34 23,21 22,07 23,05 Agustos | 19,13 23,37 25,16 22,43 24,29 23,55 24,51
Eylul 18,01 17,66 19,14 16,98 18,70 17,53 18,36 Eylul 15,83 19,27 21,09 18,37 20,13 19,35 20,17
Ekim 12,11 13,00 13,90 12,29 13,82 12,79 13,45 Ekim 11,04 13,36 14,32 12,67 14,19 13,18 13,84
Kasim 8,9 9,18 9,96 8,49 ©77/ 8,93 9,43 Kasim 7,24 8,45 8,90 7,86 8,91 8,06 8,58
Aralik 6,55 6,98 7,40 6,34 7,34 6,63 7,07 Aralik 5,23 6,16 6,25 5,61 6,23 5,66 6,12
R2 0,988 0,927 0,993 0,947 0,987 0,967 R? 0,803 0,553 0,879 0,653 0,817 0,684
Z=549m| Maras H_minienen ( MJ /M2 - giin ) Z=5m | Mersin H_\ inenen ( MY /M2 - giin )

Aylar r:;_(gﬁ‘:{) Model1 | Model2 | Model3 | Model4 | Model5 | Model6 Aylar r:;(g’;\f;:]/) Model1 | Model2 | Model3 | Model4 | Model5 | Model6
Ocak 6,98 6,72 6,97 6,28 6,89 6,24 6,72 Ocak 8,82 8,25 9,00 7,57 8,75 7,95 8,43
Subat 9,89 9,38 9,81 9,09 9,78 8,83 9,45 Subat 12,02 10,86 11,62 10,25 11,53 10,49 11,11
Mart 14,42 13,20 14,29 13,15 13,94 12,62 13,42 Mart 16,53 14,65 16,03 14,16 15,59 14,26 15,06
Nisan 18,27 17,10 18,67 17,37 18,15 16,51 17,49 Nisan 20,16 18,13 19,98 17,92 19,29 17,68 18,66
Mayis 22,28 20,76 22,13 21,05 22,09 20,31 21,40 Mayis 22,74 21,11 22,50 20,97 22,45 20,70 21,79
Haziran | 25,62 24,02 25,94 23,90 25,38 23,90 25,01 Haziran | 24,85 23,39 25,24 23,03 24,79 23,17 24,29
Temmuz| 26,01 24,51 26,09 24,13 25,72 24,54 25,62 Temmuz| 24,49 23,21 24,65 22,75 24,56 23,05 24,14
Agustos | 23,13 22,39 24,04 21,89 23,46 22,44 23,41 Agustos | 22,69 21,98 23,56 21,25 23,12 21,95 22,93
Eylul 19,19 18,39 20,04 17,82 19,33 18,38 19,19 Eyll 19,58 18,69 20,39 17,82 19,62 18,70 19,52
Ekim 13 12,85 13,74 12,34 13,65 12,64 13,29 Ekim 14,64 13,79 14,87 12,98 14,59 13,69 14,34
Kasim 8,36 8,08 8,49 7,61 8,50 7,69 8,19 Kasim 9,84 9,41 10,26 8,70 10,02 9,18 9,69

Aralik 5,73 5,98 6,10 5,53 6,08 5,52 5,96

Aralik 7,65 7,43 7,99 6,76 7,86 7,13 7,57

R2 0,9803 | 0,996 0,973 0,998 0,968 0,994 Re 0,959 0,994 0,920 0,995 0,940 0,984
Z=42m | Antalya H_minienen ( MJ /M2 - glin ) Z=997m| Isparta H_ .\ inienen ( MY /M2 - giin )

Aylar n’j;_(sﬁ‘:{) Model1 | Model2 | Model3 | Model4 | Model5 | Model6 Aylar r:g(g’;\f;:]/) Model1 | Model2 | Model3 | Model4 | Model5 | Model6
Ocak 9,86 8,39 9,21 7,71 8,92 8,12 8,60 Ocak 7,21 6,93 7,27 6,60 7,18 6,49 6,97
Subat 12,75 11,24 12,10 10,59 11,96 10,93 11,55 Subat 9,11 9,84 10,39 9,66 10,36 9,37 9,98
Mart 17,14 14,75 16,15 14,26 15,69 14,38 15,17 Mart 11,89 13,63 14,82 13,73 14,46 13,13 13,92
Nisan 21,96 18,65 | 20,65 18,35 19,84 18,27 19,24 Nisan 15,45 17,08 18,64 17,61 18,13 16,49 17,47
Mayis 24,21 22,75 | 24,28 22,28 24,06 22,59 23,65 Mayis 19,86 21,02 22,41 21,55 22,36 20,61 21,69
Haziran | 26,42 2559 | 27,68 24,76 26,75 25,70 26,79 Haziran | 21,35 24,70 26,69 24,74 25,99 24,67 | 25,78
Temmuz| 25,18 25,81 27,52 24,80 26,78 26,04 | 27,09 Temmuz| 20,93 25,45 27,13 25,17 26,50 25,63 | 26,69
Agustos | 24,17 23,96 25,84 22,85 24,74 24,23 25,19 Agustos | 19,03 23,42 25,23 22,99 24,30 23,63 24,59
Eyldl 22,14 19,40 21,27 18,43 20,22 19,52 20,34 Eyll 15,24 18,96 20,75 18,52 19,81 19,04 19,85
Ekim 14,93 14,08 15,25 13,25 14,86 14,03 14,67 Ekim 11,52 13,01 13,96 12,66 13,82 12,84 13,48
Kasim 11,26 9,74 10,72 9,01 10,36 9,57 10,06 Kasim 8,2 8,56 9,16 8,18 9,08 8,25 8,74

Aralik 7,66 7,48 8,07 6,82 7,93 7,20 7,64

Aralik 6,68 6,03 6,17 5,68 6,16 5,58 6,01

R2 0,928 | 0,970 0,875 0,968 0,914 | 0,950

Re 0,774 0,526 0,805 0,639 0,789 0,660
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Sekil 1. Modellere Gére Akdeniz Bélgesi igin Olgiim ve Hesap Degerlerinin Karsilastirimasi

Sonug ve Oneriler

Yatay dlzleme gelen aylik ortalama tim glnes 1sinimi
Akdeniz Boélgesinde bulunan 6 il icin trigonometrik esitliklerle
modellenmistir.

TUum glines 1sinimi degerlerinin tahminlenmesinde kullanilan alti ayr
hesap yontemi sonuglar istatistiksel olarak degerlendiriimis ve elde
edilen sonuclardan, batin hesap yoéntemlerinin istatistiksel agidan
anlamli oldugu, ideale yakin sonuglar verdigi ve élcim degerleri yerine
kullanilabilecek modeller oldugu saptanmistir. Ancak Tablo 2'deki
olasilik degerleri incelenerek en yilksek olasiigin Kilic ve Oztiirk
modeline (model 3) ait oldugu gorilmektedir. Bunu sirasiyla Akinoglu
ve Ecevit modeli (model 4), Specific Monthly Rietveld modelleri
izlemektedir. Bu sonuclara gére Akdeniz Bélgesi icin glines isiniminin
tahminlenmesinde kullanilabilecek en uygun tim giines isinimi hesap
yénteminin Kilic ve Oztiirk modeli oldugu sdylenebilir.

Modellerin 8lcim degerlerini iyi bir sekilde temsil ettigi belirlenmistir.
Bu modellerin giines enerjisi ile ilgili uygulamalarda ve sistemlerde
ortaya cikacak veri eksikligi ihtiyacini ortadan kaldiracagi ve ilgili
muhendisler ve uygulamacilar igin faydali olacagi disunuilmektedir.
Ayrica bu modeller diger yerlesim birimleri icin gelistirilebilir.
Literatirdeki glines 1sinimi ile ilgili degerlerin tim iller icin mevcut
olmadigi ve degerler arasinda énemli farklarin oldugu gértlmustar.
Dolayisiyla giines verileri ile ilgili saglkli, eksiksiz ve glvenilir bir
veri tabaninin olusturulmasi gerekmektedir.
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Abstract

The solar energy is a energy resource which can be found in
abundant quantities, and it is both continuous and renewable, and
free of charge one. In addition to aforespecified features, the lack
of majority of environmental troubles to be resulted from using
conventional fuels in the production of solar energy makes this
type of energy a clean and environment-friendly kind of energy.

Today, the solarenergy is usedin a controlled way for air conditioning
(heating or cooling) of buildings and work places; cooking; providing
hot water and heating swimming pools; agricultural technologies;
heating greenhouses and drying agricultural products; in industrial
areas for solar furnaces; solar ovens and cookers; producing salt
and fresh water from sea water; solar pumps; solar cells; solar
pools; heating tube applications; transportation and communication
means; signalization and automation systems; producing electricity,
efc.

The correctness of available data about solar radiation are so
much important for designing the systems with solar energy. Since
the cost of establishing and installing the measurement systems
for solar radiation and duration of insolation is expensive, when
available studies in the literature are taken into consideration, it is
observed that some relationships are developed using the values
measured on the closest area to any selected area. The best known
and most widely used one among these formulas is the formula
Angstrom. Some meteorology stations reads and measures in

PROCEEDINGS BOOK fulue

instanteneous, hourly and daily terms the values of solar radiation
reaching onto the ground. Therefore, aforestated measurement
can'’t be carried out on some regions of Turkiye yet. The solar
radiation reaching, in instanteneous, hourly and daily terms, onto
the ground is calculated using the correlations improved for the
applications of solar energy on these regions.

In this study, the intensity of solar radiation total reaching onto the
horizontal plane was expressed in trigonometrical figures using
the findings of long terms of measurements on the Mediterranean
region. The statistical parameters for the values derived from these
figures versus measured values were calculated accordingly.
Although the values of solar radiation measured have shown some
increases or decreases within any year and per years, it has been
observed that the improved equation best represents the values of
long terms. The values resulted from some models were compared
to the values presented in the literature for the Mediterranean
region. Therefore, it has been observed for the applications of
solar energy that these improved models could easily be used for
calculating the average monthly sum of solar radiation reaching
onto the horizontal planes of cities on the Mediterranean region,
and they best represent statistically the values of measurement.
In addition, this model could be expanded for other regions of
Turkey.

Key Words: Solar energy, Solar radiation, Duration of insolation.
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TARIMDA YENILENEBILIR ENERJi KAYNAKLARININ KULLANIMI:
TURKIYE ORNEGI

Bekir YELMEN
Aksaray Universitesi Ortakéy MYO

Ozet

Ttirkiye, yenilenebilir enerji kaynaklarinin cesitliligi ve potansiyeli
bakimindan zengin bir llkedir. Bu enerji kaynaklarinin maliyetleri
oldukca azdir, yenilenebilir olduklarindan dolay tlikenmezler ve
konvansiyonel yakitlarin aksine cevre ve insan saglgi icin dnemli
bir tehdit olusturmaziar. Tarim sektérinde yenilenebilir enerji
kaynaklarinin ekonomik uygulanabilirligi ve uygulama ydéntemi,
bdlgesel kosullara bagli olarak degisir. Tarim sektériinde etkin olarak
yararlanilabilecek baslica yenilenebilir enerji kaynaklari; gtines
enerjisi, riizgar enerjisi, biyokditle enerjisi ve jeotermal enerjisidir.
Bu calismada; tarimsal dretim islemlerinde  yararlanilabilecek
yenilenebilir enerji kaynak teknolojileri; tsttinltik ve olumsuzluklari
tartisiimigtir. Sonugta tim bu bilgiler 1siginda, tarim sektériinde
yenilenebilir enerji kaynaklarinin kullanimina ydnelik ve enerji
etkinligine yénelik dnerilerde bulunulmustur.

Anahtar Kelimeler: Fosil
yakitlar, Temiz enerji, Cevresel etki.

Yenilenebilir enerji kaynaklari,

1. Giris

Artan nifus ve sanayilesmeden kaynaklanan enerji gereksinimi
danyanin kisith kaynaklariyla kargilanamamakta, enerji Gretimi
ve tlketimi arasindaki acik hizla buylmektedir. Dider taraftan,
geleneksel enerji Uretim ydntemleri
onemli nedenlerinden biridir. Ayrica, fosil yakitlarin bir slire sonra
tikenecegi de yadsinamayacak bir gergektir [1].

bugln c¢evre kirliliginin

1998 yili degerleri ile dinyadaki toplam birincil enerji tiketiminin
yaklasik % 90 ‘i fosil yakitlardan saglanmaktadir. Dinyadaki fosil
yakit rezervlerinin sinirli ve bunlarin yakin bir gelecekte tiikenecek
olmasi, yenilenebilir enerji kaynaklari arayisini hizlandirmistir [2].

Enerji Uretimi ve kullanimi sirasinda yasanan c¢evre sorunlari,
eski teknolojilerin terk edilmesinin temel nedenlerinden biridir.
Koémlr, petrol ve dogalgaz santrallerinin kurulduklarn bdélgede
yerel olarak tahribatlar yaninda; kiresel olarak tim dunyayi
tehdit eden etkileri de bulunmaktadir. Fosil yakitlar yakildiginda
atmosfere yayilan karbon dioksit, kikurt dioksit, azot oksit, toz ve
kurum yakin cevreyi kirletip élumlere yol acarken, karbon dioksit
ve benzeri sera gazlar kiresel iklim degisikligine yol agmakta ve
tim dinya ulkelerinde yasami tehdit etmektedir [3]. Tlrkiye ‘de
eneriji profili gdzden gegcirildiginde yenilenebilir enerji kaynaklarinin
yeri ve 6nemi acik¢a gorllmektedir. Ancak yenilenebilir enerji
kaynaklarinin kullanimi olduk¢a distk dizeylerdedir ve bu enerji
tirleri ile yeterince ilgilenilmemektedir. Ozellikle, glines ve riizgar
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enerjisinin kullanimi, Tlrkiye ‘nin enerji bitgesine ciddi katkilar
saglayacaktir. Yenilenebilir enerji kaynaklarindan dogru ve saglkli
bir bicimde yararlanilmasi i¢in gereken strateji, plan ve politikalarin
6nemi giderek artmakta ve énemli boyutlara ulagsmaktadir [4].

Endustri, ulastirma, ticaret, konut ve tarim sektérlerinde enerji
kullanimini azaltmanin en etkin yéntemlerinden birisi de, enerji
kullanma etkinligini artirmaktir. Enerji etkinliginin artirnimasi,
enerji kaynaklarinin cevresel etki degerlendirmesi agisindan
6nemlidir. Daha az enerji kullanmak ve cevreye en diisik dlizeyde
zarar vermek icin, sistem etkinliginin artirimasi gerekir. Enerji
kaynaklarinin kithgi ve dikkatsiz kullaniimasi sonucunda olusan
istenilmeyen yan etkiler, enerji tiiketimini dogru bir sekilde planlama
ve dikkatli bir sekilde degerlendirmeyi gerektirmektedir [5].

Tarim Sektdrinin de diger sektdrler gibi enerjiye bagimhhg
gittikce artmaktadir. Bu artis kapital ve teknoloji kullanimina bagli
olarak tum diinyada artis gostermektedir [6]. Ayrica tarimsal Uretim
fonksiyonunda enerji girdisi 6nemli bir faktér olarak karsimiza
cikmaktadir [7].

Bazi calismalar gostermistir ki; tarimsal verimlilik ve etkinlikte,
enerji faktért 6ne ¢ikmaktadir [8].

Enerji sosyal ve ekonomik gelismede énemli bir role sahiptir. Ancak,
kirsal kesimde enerji kullanimi konusunda gelistirilen politikalar
yetersiz kalmistir. Bu durum gelismekte olan ulkelerde sanayilesme
on plana ciktigi
kaynaklanabilir. Diger taraftan bu durum kirsal kesimde egitim
seviyesi ve organizasyon yeteneginin disik olmasinin sonucu
olabilir [9].

icin tanima verilen 6nemin dusukluglinden

Tarkiye tarm sektdrinde; bolgesel ve Ulke genelinde, Uretim
sistemleri ile Uriin bazinda ve toplam enerji  kullanimina iliskin
ayrintili cahgmalar yapilmistir [10-16].

Bu calismada, yenilenebilir enerji kaynaklarinin tarimda kullanimi
incelenmistir. islemlerinde yararlanilabilecek
yenilenebilir enerji teknolojilerinin  Gsttnlik ve olumsuzluklari
tartisiimistir. Tarim sektériinde enerji kullanim etkinligi ve enerii
korunumu énlemlerine iliskin éneriler verilmistir.

Tarimsal Uretim

2. Tarimda Enerji Kullanimi
Tarm sektériinde bitkisel ve hayvansal Uretim islemleri belirli

miktarda enerji kullanimini gerektirmektedir. Tarimda eneriji
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kullanimi,  sulama- pompa islemlerinde, seralarda isi kontrol
islemlerinde, ciftlik biralarinda ve bitkisel Uretimde, tarim Grinlerinin
tasinmasinda, tarimsal Urtnlerin islenme ve degderlendiriimesinde
kullanilan tarimsal mekanizasyon ara¢ ve makinelerinde, kimyasal
gubreler, tarim ilaclarinin dretim, paketleme ve tasinmasinda
kullanilan  enerjileri kapsar{17].
icerisinde, tarim sektoérinde tuketilen enerji miktarinin 1990-2003
yillari arasindaki dénemde degisimi Cizelge 1’de verilmistir. Tarim
sektoriinde tlketilen enerji miktari 1990 yilinda 575 GWh diizeyinde
iken, 1995 yilinda 1513 GWh ve 2000 yilinda da 3070 GWh , 2005
yilinda ise 4100 GWh duzeyine yukselmistir. Tarim sektériinde
tiketilen enerji miktari dizenli olarak artmakla birlikte, toplam
enerji tiketimi icerisinde tarim sektérintin payi diizenli bir degisim
gostermemektedir. Toplam enerji tiketiminde tarimin payi, 1990
yiinda % 1.23, 1995 yilinda % 2.30 ve 2000 yilinda ise % 3.19, 2005
yilinda ise % 3.13 olarak gergeklesmistir. Toplam enerji tiketiminde
tarimin payi, 1990-2005 yillari arasindaki ddnemde ortalama % 2.90
olarak gergeklesmistir. Bununla birlikte, 2002 yilindan sonra toplam
enerji tiketiminde tarimin pay1 azalmaya baslamistir.

Turkiye’de genel enerji tiketimi

Cizelge 1. Turkiye Tarim Sektoriinde Enerji Tliketimi [18].
Enerji Tiiketimi GWh Toplam Enerji
Yillar Tanm ;rg&?innl Tuketlg:;:i;/:;arlmln
1990 B9 46820 1.23
1995 1513 65724 2.30
2000 3070 96140 3.19
2001 3203 95445 3.36
2002 3490 101298 3.45
2003 3657 110748 3.30
2004 3895 120305 3.24
2005 4100 130854 3.13

Tarim sektériinde 1990-2005 yillar arasindaki dénemde, tarim
alani basina enerji tiketimi degerlerinin yillara bagll olarak
degisimi Cizelge 2’de verilmistir. Tarim sektériinde birim iglenen
ha basina kullanilan enerji miktari, 1990 yilinda 26.50 kWh iken,
1995 yilinda 71.37 kWh ve 2000 yilinda 146.19 kWh , 2005
yilinda 200.98 kWh /ha deg@erine ulasmistir. Tarim sektériinde
ileri teknoloji uygulamalarinin  sonucunda,
enerji kullanimi giderek aratacaktir. Bu nedenle tarim sektérinde
yenilenebilir enerji kaynaklarinin kullaniimasi ve enerji kullanim
etkinliginin artinlmasi gereklidir.

mekanizasyon ve

Cizelge 2. Tarim Alani Basina Enerji Tiketimi [19].
Yillar Eki_len Alan Tarim Alani Basina Enerji Tiiketimi
(Milyon ha) (kWh/ha)
1990 21,7 26.50
1995 21,2 71.37
2000 21,0 146.19
2001 20,8 153.99
2002 20,8 167.79
2003 20,6 177.52
2004 20,3 191.87
2005 20,4 200.98
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3. Tarimda Yenilenebilir Enerji Kaynaklarinin Kullanimi
Turkiye’nin yenilenebilir enerji kaynaklari potansiyeli Cizelge 3'de
verilmistir. GUnimuz Turkiye’sinde yenilenebilir kaynaklardan
en ¢ok klasik biyokuitle enerji ve hidrolik enerji kullaniimaktadir.
Jeotermal enerjiden yararlanma Gglincl sirada yer almakla birlikte,
kullanimi sinirhdir. Giines enerjisi kullanimi diisik dizeyde iken,
rlizgar enerjisi kullanimi giderek artis géstermektedir.

Cizelge3.Turkiye yillik yenilenebilir enerji potansiyeli (MTEP: Mega
Ton Esdegeri Petrol) [20].
Yenilenebilir Enerji | KU!MM | pogal | Teknik | Ekonomik
e Enerji A o n
Tard Tiirii Potansiyel | Potansiyel | Potansiyel
Elek.Enj.
) . (milyar 977000 6105 305
Gunes Enerjisi KWh)
Isi (MTEP) 80000 500 25
Elek.Enj.
Hidrolik Enerji (milyar 430 215 124,5
kWh)
Direkt Elek.Enj.
2 Ruzgar Enj.| (milyar 400 110 50
E Karasal kWh)
i} Direkt Elek.Enj.
I Ruizgar Enj.| (milyar - 180 -
g Denizsel | kWh)
o Deniz (milyar
Dalga Enj. | _kWh) 160 e :
Jeotermal | Elek-Enj.(milyar kWh) = = 1,4
Enerji Ist (MTEP) 31500 7500 2843
Biyokitle Yakit (klasik MTEP) 30 10 7
Enerjisi | vakit (modern MTEP) 90 40 25

Teknoloji ve uygulama alanlarina bagli olarak tarimda yenilenebilir
enerji kaynaklarinin kullanimi Cizelge 4'de verilmistir. Tarimda
yenilenebilir enerji kaynaklarinin kullanilimasi durumunda: isletme
giderleri azalir, dig alim yapilan fosil enerjilere olan gereksinim
azalir, elektriksel gug icin asirn talep ve cevre kirliligi azalir.
Boylece ekonomik gelisme saglanir. Tarimsal Uretim islemlerinde
yararlanilabilecek yenilenebilir enerji teknolojisinin secimi; gerekli
enerjinin cesidi, yenilenebilir enerji kaynagi ve tarimsal yapi ve
islemlerin tasarimina baghdir. Tarimsal Uretim islemleri arasinda
cok fazla miktarda enerji tiketilen baslica islemler ise sulama, Griin
kurutma, sera ve hayvan barinaklarinin isitiima ve sogutulmasidir.
Bu islemler sirasinda yaygin olarak; motorin, dogal gaz, elektrik,
sivilastiriimis petrol gazi veya propan gibi yakitlar kullaniimaktadir.
Tarimda glines enerjisi kullaniminin planh bicimde artiriimasi
gereklidir. Tarimsal yapilarin isitiimasinda giines enerijisiyle pasif
veya aktif olarak 1sitma uygulamalarindan yararlaniimalidir.

Glnes enerjisi ile ylUksek sicakliktaki uygulamalar, sogutma
uygulamalari ve fotovoltaik teknoloji ile tretilen elektrikten tarimsal
Uretimde vyararlanilabilir. Tarimsal sulama islemlerinde gines
pillerinden yararlaniimasi durumunda: gerekli su miktari, sulama
gereken zaman, su kaynaginin durumu, gerekli su miktari, kuyu
derinligi, suyun kimyasal yapisi ve su depolama tanklarinin
kapasitesi gibi 6zellikler dikkate alinmalidir.

Yenilenebilir enerji ve Uretim sistemlerinde yasanan yavas
gelismenin nedeni genellikle yerlesik cikar iligkileri,
altyapinin  yetersizligi, ekonomik kosullar, finans bulmaktaki

mevcut

21




- BILDIRILER KIiTABI
Ful'e . PROCEEDINGS BOOK

Cizelge 4. Tarimda Yenilenebilir Enerji Kaynaklarinin Kullanimi [21].
Yenilenebilir Uaaiame
Enerji Teknoloji va Yararlan
e Alani
Kaynagi
N Aydinlatma giderleri
Aydinlatma sl azalir. Uretim artisi
aydinlatma -
saglanir.
Elektrik gereksinimi
Fotovoltaik | Elektrik dretimi | k2rsantr-

; Bina tasarimina veya
Gines catiya yerlestirilebilir.
) Yasam kosullar |

Ortam isitma | Ortam Isitma Yasa s
iyilesir.
Ortam 1sitma/ | On isitma ve L
Hava kalitesi iyilegir.
toplac Isitma
S S Seean Sicak su gereksinimi
karsilanir.
Yapilan  yatirm
Hidrolk | idroelektrik | Elektrik dretimi | S398Ce enerii igin
Enerji degil sulama ve taskin
amacli kullanilabilir.
Gelisen teknoloji
ile birlikte en-
Ruzgar Ruzgar tirbini Elektrik Gretimi | erji birim maliyetleri
Enerijisi 9 Mekanik gl¢ dismektedir.
Diga bagimi degildir.
Cevre dostudur.
Elektrik Gretimi | Atik kontroll saglanir.
Ortam i1sitma ve | Cevreye  olan
Biyokutle | Biyoeneriji sogutma olumsuz
Enerijisi yakitlari Su Isitma ve etkiler 6nlenir.
sogutma Isletme giderleri azalir.
Biyodizel yakiti | Yedek gli¢ saglanir.
Sera Isitma
Hayvan Isi degistiriciler
barinaklari ile yapilan 1sitma
Jeotermal | Jeotermal isi | Balik ciftlikleri ve sogutma
Enerji pompasi Toprak isitma uygulamalarinda
Urlin kurutma yasam kosullari
Mantar tretimi iyilesir.
Toprak islahi

zorluklar, bilimsel ve teknik yetersizlikler, yenilenebilir enerji
teknolojileri ve kaynaklari ile ilgili bilgi eksikligine baglanmaktadir.
Tarnim sektériinde yenilenebilir enerji kaynaklarinin  ekonomik
uygulanabilirligi ve uygulama yéntemi, bodlgesel kosullara bagh
olarak degisir. Tarim sektdrinde etkin olarak yararlanilabilecek
baslica yenilenebilir enerji kaynaklari; giines enerjisi, jeotermal
enerji, biyokiitle enerjisi ve riizgar enerijisidir. isletme dlceginde
yapilacak olan etkin bir mekanizasyon planlamasi ile isletme icin
uygun mekanizasyon alt yapisi saglanmalidir.

D Yenilenebilir enerji teknolojileri konusunda ilerlemeler dinya
genelinde takip edilmeli, Glke genelinde calismalar tesvik edilmeli
ve desteklenmelidir,

Avrupa’da oldugu gibi yenilenebilir enerjinin yayginlagsmasi igin,
yatinmcilara cazip bir pazar olusturulmalidir. Yatirimcilar hatta
kullanicilar devlet tarafindan (vergi indirimi, kredi vb. ile) tesvik
edilmelidir,

Ulkesel ve yoresel gerceklere uygun olarak, sivil toplum
kuruluslar ve diger aktdrlerle birlikte yenilenebilir enerji yasasi
geligtirilmelidir,

Surdurulebilir enerjilerin toplumsal ve cevresel yararlari nedeniyle
odullendirildigi, kirletici enerjilerin ise toplumsal maliyetlerinin
fiyatlarina eklendigi bir sistem kurulmali, yatinm kararlarinda
uzun vadede toplumsal maliyeti en dusik projelere 6ncelik
verilmelidir,

D Tarim sektérinde yenilenebilir enerjilerin payini artiracak,
oncelikli ulusal hedefler ile takvim, uygulama plani, destek ve
yatirimlar belirlenmelidir,

D Tarimsal uretim islemlerinde de enerji kullanim etkinligine
énem verilmelidir. isletme &lgeginde yapilacak olan etkin bir
mekanizasyon planlamasi ile isletme icin uygun mekanizasyon
alt yapisi saglanmaldir,

D isletmelerin mekanizasyon alt yapisi igin eneriji verimliligi yilksek
olan teknolojilerden yararlaniimalidir,

D Tarim alet ve makineleri tam ylkte ve verimli olarak
cahstinimahdir,

D Tarim sektériinde fosil kdkenli enerji tiiketiminin azaltilmasi ve
yenilenebilir enerjilerin kullaniimasina iliskin tarimsal destek
politikalari, girdi kullanimi ve Uretim optimizasyonu ile tarimda
teknoloji transferi desteklenmesi gibi 6nlemler alinmalidir.
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Using Renewable Energy Resources In Agriculture:
Turkey’s Example

Abstract

Turkey is a wealthy country for diversity and potential of renewable
energy resources. The cost of these energy resources is too low,
andtherefore, they are never run out since they are renewable ones,
and they don'’t constitute of any considerable threat for environment
and human health when they are compared to conventional fuels.
Economical applicability and application methods of renewable
energy resources in the sector of agriculture constitute of some
changes per regional conditions. Major renewable energy
resources to be used effectively in agriculture are solar energy,
wind energy, biomass energy and geothermal energy. In this
study, the technologies of renewable energy resources those can
be used for producing agricultural products, and their superiority
and negativeness have been discussed in detail. As a result,
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some suggestions for using renewable energy resources and for
effectivity of energy were claimed under the light of data herein.

Taking into consideration the potential of renewable energy
resource of Turkey: the most widely used ones among the
renewable energy resource in today’s Turkey are classical biomass
energy and hydraulical energy. Although utilization of geothermal
energy occupies the third place, its areas of usage is limited. While
the utilization of solar energy is in low levels, usage of wind energy
increases gradually.

When renewable energy resources are used in agriculture: some
expenditures of operation decrease, the need for fossil energies
to be exported go in low levels, the demands for electrical power
in excessive levels decrease, environmental pollution decreases,
and economical development is obtained somewhat. Selecting
renewable energy resources to be utilized in agricultural production
procedures depends upon the diversity of energy and renewable
energy resources required, and the design of agricultural
structures and operations. Fundamental operations of agriculture
during which excessive amounts of energy are consumed are
irrigation, drying products, greenhouse applications, and heating
or cooling the shelters of animals. Some fuels such as diesel
oil, natural gas, electricity, liquidified petroleum gas, propan, etc.
are widely used during these operations. Utilization of the solar
energy for agriculture must be increased in a scheduled way.
Also, some passive or active applications of heating by means of
solar energy must be used for heating the agricultural structures.
The applications in high temperatures and cooling applications by
means of the solar energy, and the electricity to be produced by
photovoltaic technology can be utilized for agricultural production.
If solar cells are used for agricultural irrigation purposes: Some
characteristics such as the quantity of water required, desired
duration of irrigation, the condition of water supply, depth of wells,
chemical structure of water supply, capacity of water storage tanks,
etc. should be taken into consideration.

Key Words: Renewable energy resources, fossil fuels, clean
energy, environmental effect.
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THE OVERSEAS PRIVATE INVESTMENT CORPORATION (OPIC)
FINANSMAN ALTERNATIFLERI

Berat PEHLIVANOGLU
PFS Finance

The Overseas Private Investment Corporation (OPIC) is an agen-
cy of the U.S. government that helps U.S. businesses invest over-
seas, fosters economic development in new and emerging mar-
kets, complements the private sector in managing risks associated
with foreign direct investment, and supports U.S. foreign policy. In
2008, OPICs Small and Medium Finance Department implemented
an outreach program that resulted in the agency’s consideration
of more than 100 proposals for support of projects totalling $2 bil-
lion in every conceivable sub-sector of renewable energy and sus-
tainable development, including biomass, waste to energy, solar,
hydro, geothermal, wind, reforestation, water purification, green
housing, clean fuels and more.

Pehlivanoglu Finansal Danismanlik
Hizmetleri ve Ticaret Limited Sirketi, (“PFS
Finance”) is a family owned Turkish limited
company, established in November 2000.
PFS Finance comprises a team of specialists experienced in ECA-
covered export financing; sub-agent structure with Banking and
industry expertise.

fimance

The Overseas Private Investment Corporation
OPIG (OPIC) is an agency of the U.S. government
i that helps U.S. businesses invest overseas,
? . ©  fosters economic development in new and
’ A * emerging markets, complements the private

~ sector in managing risks associated with for-

eign direct investment, and supports U.S. foreign policy. Established
with the assistance of the Overseas Private Investment Corporation
(OPIC), the Enterprise Development Network (EDN) is a set of strate-
gic alliances among public and private sector organizations that utiliz-
es a systematic approach to connect emerging market entrepreneurs
and SMEs with debt and equity providers. OPIC and PFS Finance
have signed an EDN Loan Originator agreement on May 27th, 2008.

At September 30, 2008, OPICs largest finance and insurance ex-
posure was in the following countries and sectors:

Country US$'000 Sector US$'000
Russia $972,192 Financial Services | $4,786,506
Mexico $732,892 Power Generation | $1,654,652
Nigeria $581,303 (S)(!riir(l:isGas $1,573,760
Turkey $523,628 Transportation $707,184
Colombia $419,896 Manufacturing $650,124
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Requirements for OPIC Support

OPIC supports, insures and finances investment projects with sub-
stantial U.S. participation that are financially sound, promise signifi-
cant benefits to the social and economic development of the host
country, and foster private initiative and competition. OPIC will not
support projects that could result in the loss of U.S. jobs, adversely
affect the U.S. economy or the host country’s development or en-
vironment, or contribute to violations of internationally recognized
worker rights.

OPIC requires significant U.S. involvement in the projects it sup-
ports. OPIC expects a U.S. equity or debt investor to assume a
meaningful share of the risk, generally through ownership of at least
25 percent of the equity of a project. Exceptions to the amount of
U.S. investment requirement may be made in cases where a U.S.
bank risk shares 25 percent or more with OPIC in the financing, or
where U.S. brand-name franchisors, operators or contractors are
significantly involved in the project on a long-term basis.

Normally, more than 50 percent of the voting shares of the over-
seas venture will be held by firms or persons from the private sector.
However, financing may be offered to an entity in which government
ownership of voting shares represents the majority, if it is contractu-
ally agreed that management will remain in private hands, and there
is a strong showing of direct U.S. involvement in other respects.

OPIC support is available for new investments, privatizations, and
expansions and modernizations of existing plants. Acquisitions of
existing operations are eligible for financing if the investor contrib-
utes additional capital for modernization and/or expansion. OPIC
generally can insure an acquisition of an industrial, commercial
or other self-sustaining enterprise, subject to a finding of positive
developmental benefits. Investments in certain sectors may be ex-
cluded from consideration based on statutory or policy guidelines.
Financing is not available for projects that can secure adequate
financing from commercial sources. Investors are required to con-
firm that they have considered private sector political risk insurance
before OPIC will issue coverage.

Financing

OPIC financing provides medium- to long-term funding through di-
rect loans and loan guaranties to eligible ventures. OPIC can pro-
vide financing on a project finance or a corporate finance basis.
OPIC generally looks for repayment from the cash flows generated
by projects rather than relying solely on sponsor guaranties.
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OPIC carefully analyzes the economic, technical, marketing and
financial soundness of each project. There must be adequate cash
flow to pay all operational costs, service all debt, and provide the
owners or sponsors with an adequate return on their investments.
Sponsors may not need to pledge their own general credit beyond
the required completion undertakings if the project is sufficiently
self-sustaining as a project finance transaction. In a corporate fi-
nance loan structure, OPIC looks to the credit standing and cash
flow of an existing corporate entity, as well as the project company
to support debt repayment.

OPIC can provide medium- and long-term financing in countries
where conventional financial institutions often are reluctant or un-
able to lend on such a basis. Since its services support private
sector investments in financially viable projects, OPIC does not
offer concessionary terms usually associated with government-to-
government lending or grant-type financing, nor does it typically
offer financing of export sales unrelated to long-term investments in
overseas businesses. OPIC will not lend to projects that can secure
adequate financing from commercial sources.

» Loan Amount:

D OPIC can provide direct loans from $100,000 to $250 million

D Determine “Total Project Costs”
- Hard costs: buildings, land, equipment
- Soft costs: legal costs, design and architectural costs, financ-

ing costs

D Determine an appropriate leverage for the deal (OPIC max is

75% of TPC)

Loan Terms

The repayment schedule of a direct or guaranteed loan will be de-
signed taking into consideration the purpose of the loan and the
projected level of cash flows to be generated in the transaction. The
cash flows must be sufficient to meet interest and principal pay-
ments, and to provide for an adequate return to equity investors.
The terms of such loans will typically provide for a final maturity of
at least three years, including a suitable grace period during which
only interest is payable.

» Repayment Terms:
D Loan terms 3-20 years depending on:
- Purpose of the loan
- Projected cash flows
D Quarterly or semi-annual payments
D Grace period on principal during start-up

Interest rates on OPIC loans will vary with OPIC’s assessment of the
commercial and political risks involved. They will also reflect interest
rates in long-term capital markets in the United States. Base rates of
interest on guaranteed loans are comparable to those of other U.S.
government-guaranteed issues of similar maturity. To that base rate,
OPIC adds its guaranty fee or risk spread, calculated as a percent-
age of the outstanding principal amount, depending upon commer-
cial and political risk. Both fixed and floating interest rates are avail-
able, although direct loans are financed on a fixed rate basis only.
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In general, OPIC expects that its creditor participation will be on
a senior basis, pari passu with the holders of other senior debt,
and that it will share in a first lien on fixed assets and any other
appropriate collateral. A host government guaranty normally is not
required by OPIC. Other structures will be considered on a case-
by-case basis.

Consistent with commercial lending practices, upfront fees
range from 1 percent to 2 percent, commitment fees, main-
tenance fees and cancellation fees may be charged, and re-
imbursement is required for related out-of pocket expenses,
including fees for outside counsel and the services of experts
or consultants.

» Cost of Financing:

D Based on an assessment of the risks. For OPIC, rate is:
- U.S. Treasury rate (cost of funds)
- Risk spread

D Other costs include an upfront facility fee, commitment fees, and
an annual maintenance fee

D Outside legal counsel and/or the services of experts or consul-
tants

Application Procedures

The sponsor of a potential project interested in obtaining financing
from OPIC should submit an Application for Financing (Form 115)
as well as a Sponsor Disclosure Report (Form 129). The applica-
tion lists all required attachments including a business plan. These
documents should establish general eligibility, and give OPIC the
basis on which it can respond to the amount and basic terms of the
requested financing.

The application should include:

- adescription of the project

- the identity, background and audited financial statements of
the project’s proposed principal owners and management

- planned sources of supply, anticipated output and markets,
distribution channels, competition, and the basis for projecting
market share

- asummary of project costs and anticipated suppliers of capital
goods and services

- a financial plan, including the sources and uses of funds for
the project, and the proposed collateral package and sponsors
guaranties available for the financing

- pro forma financial statements of the proposed project or cor-
porate borrower and accompanying assumptions, which in-
clude the requested loan term, interest-only grace period and
debt service coverage ratios; and

- a description of the contribution the business is expected to
make to local economic and social development.

The data prepared and submitted by sponsors to substantiate
sources of equity, raw materials, technical feasibility and market
demand are carefully analyzed together with the financial fore-
casts.
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Following OPIC’s preliminary review and approval, the sponsors
may be asked to provide additional economic, financial and techni-
cal information.

In some instances, OPIC will issue a retainer letter which may indi-
cate that OPIC will need to retain independent consultants to assist
in its analysis and review. Such information is essentially that which
any board of directors would need before committing its company
to an investment. Guidelines for formal applications will be provid-
ed, though the type of information to be supplied will vary with the
nature of the proposed business. The time required to review and
approve an application depends on the scope and detail of the data
presented, as well as on the complexity of the transaction, and typi-
cally varies from two to six months.

» For OPIC loans up to $10 MM Credit Policy and Director/Vice
President approval

» For OPIC loans over $10 MM and up to $30 MM Credit Commit-
tee and Investment Committee approvals (these are internal loan
approving committees that review critical credit and OPIC policy
issues)

» For OPIC loans over $30 MM Credit Committee, Investment
Committee, and Board of Director approvals (meets four times
per year)

Priority is given to those projects which best meet OPIC’s de-
velopmental and foreign policy mandate. In addition, the thor-
oughness and timeliness with which all the information required
by OPIC is developed and submitted is a key determinant of the
timeliness of the review process. Approval time may be reduced
in corporate financing transactions since there are fewer project
issues to be researched and, generally, collateral is located in the
United States.

OPIC and Renewable Energy

While OPIC has financed hydro, geothermal, clean water, and oth-
er sustainable development projects, recent commitments include
a loan for a 2 MW photovoltaic power project in India, a loan for a
project in Liberia to remove fallow rubber trees and utilize the wood
chips for biomass power plants, a loan to a nonprofit to expand its
capital base to lend to small clean energy projects in emerging mar-
kets worldwide, a loan for the development of a compact fluores-
cent lighting manufacturing plant, and a loan for the construction of
50 “green” residential homes. A number of other renewable energy
and sustainable finance projects are in the due diligence phase
including a biomass power project, a geothermal project, a biofuel
production project and solar panel installations.

In September 2008 OPIC’s Board of Directors approved $505 million
in financing for six new private equity funds designed to invest in clean
and renewable energy projects in emerging markets worldwide. The
funds will mobilize a total of $1.6 billion in capital for the sector, rep-
resenting an historic commitment by OPIC to renewable energy. The
summary below provides detail on four of the approved funds.
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FE Global Clean Energy Services Fund IV. OPIC is providing up
to $55 million in financing to the fund, which will invest in renewable
energy and energyefficient emission reduction projects in Asia,
Central and Eastern Europe, and Latin America. OPIC selected as
fund manager GEM Management IV Corp., an affiliate of FE Clean
Energy Group, Inc., a leading private equity fund management firm
focused on renewable energy and energy efficiency investments
in emerging markets. These investments are expected to generate
tradable carbon credits for Greenhouse Gas emission reductions.
The fund has a target capitalization of $250 million.

Middle East & Asia Capital Partners Clean Energy Fund
Il. OPIC is providing up to $50 million in financing to the fund,
which will invest in a wide spectrum of renewable energy proj-
ects throughout Asia, with an emphasis on India, Indonesia,
Malaysia, Pakistan, Philippines, Thailand and Vietnam. It will
invest in equity, convertible debt and mezzanine debt in projects
wind farms and geothermal production, for example as well as in
manufacturing and service companies that serve the renewable
and biofuels sectors. OPIC selected as fund manager Middle
East & Asia Capital Partners Pte., Ltd (MEACP), a private eqg-
uity platform connecting the Middle East and Asia. The fund has
a target capitalization of $150 million. The fund will be raised
in parallel with the targeted $250 million MEACP Clean Energy
Fund, which will invest in parallel with the fund in investments
eligible for OPIC support.

GEF South Asia Clean Energy Fund. OPIC is providing up to
$100 million in financing to the fund, which will invest in compa-
nies and projects that support the need for cleaner forms of en-
ergy in the regionincluding those utilizing solar, wind, hydropower,
biofuel and natural gas. The fund will also invest in technologies
that promote: energy efficiency; improved batteries and storage,
clean transportation, clean water systems, and environmental and
energy efficient buildings. OPIC selected as fund manager GEF
Management Corporation, which has previously managed two suc-
cessful OPIC Funds, Global Environment Emerging Markets Fund,
L.P. and Global Environment Emerging Markets Fund I, L.P. The
fund has a target capitalization of $300 million.

US Renewables Group. OPIC is providing up to $100 million of
capital to be coinvested in renewable power generation, clean fu-
els and renewable energy value chain investments in emerging
markets worldwide. US Renewables Group is the fund manager,
and OPIC capital will be managed in connection with the USRG
Power and Biofuels Fund Ill. The fund will target investments in
asset focused, renewable energy projects, or platform companies
that are projected to have strong cash flows within two years and
have low technology risk. The fund has a target capitalization of
$300 million.

OPIC looks forward to continuing to expand its debt portfolio of re-
newable energy and partnering with investors to support long term
sustainable development in emerging markets.
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SOLAR TRI-GENERATION MODULE FOR HEATING, COOLING, AND POWER

Birol KILKIS

Baskent University, Sustainable Energy Systems
Research Center (SERSRC)

Ankara

Abstract

A synectic approach was employed to conceptualize and then to
develop a solar cell-based, integrated module to utilize the waste
heat portion of the incident radiation and to provide electric po-
wer to the sandwiched, thermo-electric module for cooling. Heat
recovered is customized for a so-called bottoming-cycle metal-
hydride unit to increase the electric power output of the solar
tri-generator system. This paper introduces the concept, design,
and parametric efficiency and other performance characteristics
of a prototype design and discusses its environmental benefits
with respect to satisfaction of the HVAC and domestic power
demands in buildings.

Introduction

Solar photo-voltaic technology is becoming more and more im-
portant for utilizing non-depleting, alternative energy sources
and harvesting the solar energy in the quest of reducing harmful
carbon emissions. Current technology however is sensitive to
the temperature of the solar photovoltaic module in such a sense
that the already relatively low thermo-electric conversion effici-
ency further decreases with the temperature. This means that
while the solar energy is the maximum in hot summer days, the
PV efficiency is the lowest, unless the system is cooled, which
by itself may mean additional power loss. Even if the heat is
removed by an efficient and feasible system, in summer months
the dominant load is cooling, not heating. Therefore the heat
reclaimed during the cooling process may exceed the domestic
hot water and other similar loads. This means that excess heat
should be converted to cooling effect by an absorption system.
Although this is technically feasible, the system mechanics be-
comes complicated and operating, installation costs may prove
to be uneconomical. In this study an electronic version of the
concept has been invented, in which the system comprises an
integrated, sandwiched unit that employs the electro-thermal ef-
fect both for heating and cooling.

CONCEPT
In this research, the solar photovoltaic module concept was in-
tegrated with thermo-electric modules through a one-dimensional

Electric Power

eat &8 O E=—errrererereroreeoe 1= Heat Conducting Film

DHW

Space Cooling or Heating

Hest Activabed

Figure 1. Basic concept [1].
The experimental phase of this study is supported by Baskent University

heat conducting sheet. The basic concept is shown in Figure 1.

According to Figure 1, the solar PV module and the TEC module
set are interfaced, sandwiched, and paneled through a thermal
conductive sheet of very high thermal conductance in lateral di-
rection. The same sheet insulated both modules thermally, be-
cause this commercially-available sheet does not conduct heat
across its thickness. This sheet performs in such a manner that
while the heat is transferred to a proper heat sink at the de-
mand point, it cools the PV module and maintains the proper
temperature difference across the TEC module. During a typical
operation, the solar PV module generates electric power at its
optimum performance level, because it is cooled. With a simple
control, this solar power may be split between the power need of
the building and the power need of the TEC module. When the
TEC module is exposed directly or indirectly by a second ther-
mally conducting sheet layer to the indoor space to be heated or
cooled, it electronically heats or cools the indoor space primarily
by thermal radiation and secondarily by natural convection on is
exposed surface, depending upon the polarity of the dc power
generated by the PV module. In the cooling mode, TEC module
absorbs heat from the indoor space and transmits it to the same
heat conducting sheet between the TEC module and the PV mo-
dule. Thus this system multiplies the heat gain that may be use-
fully utilized in the same indoor space or other building zones.
If the cooling load is the dominant load, part of this heat may be
further utilized in a heat activated cooling system like a metal-
hydride cooling system. During the space heating season in win-

27




- BILDIRILER KIiTABI
7}'%  “PROCEEDINGS BOOK

ter, a simple switch of the polarity makes the same TEC module
a radiant space heating module. In this case, the heat conducting
film brings in the PV heat into the indoor space to be heated. The
fundamental advantage of this concept is the fact that power, heat
and cold generation takes place in the same square footage of
the solar PV surface area. This is especially important in buildings
because solar exposure area is at premium and quite limited. In
other words three functions in one unit solar incident area are
accomplished. Additionally excess heat may be used for other
purposes like domestic hot water (DHW) preparation.

Design

The concept was designed and a prototype was manufactured
with an emphasis of the possibility of using this concept as a
building element on the solar exposed walls with an optimized
inclination. This block may replace non-load bearing building
elements like bricks, while it also acts like a perfect insulating
material due to its heat conducting film, which does not trans-
mit heat across its thickness direction. This in fact introduces a
fourth useful function to the concept, namely thermal insulation
of the building envelope. Figure 2 shows the wall application
schematics. According to this figure, the heat exchanging me-

o= -

\ ROOM

Outdoors

TEC
. Heat
Copyright Birol Exchanger
Kilkis 2009
patent panding

Figure 2. Exposed wall application [1].

GLASS

T_I Electro-chiromic layer |
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Figure 3. Solar PV and shading system on fenestration exposure of the
building [2].
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dium is the heat conducting sheet that may be connected to a
hydronic circuit at the end of the walls; one supply and one re-
turn circuit that transfers the heat to demand points or additional
heat activated cooling systems indoors. The inclination for op-
timum performance with minimum shading of adjacent modules
is accomplished by conventional insulating material. The latter
application also satisfies sound and vibration insulation needs
against outdoor agents. This system may be complemented by
a similar application on solar facing fenestration that is depicted
in Figure 3. In this system there are two transparent layers, na-
mely a transparent PV film and a solar shading sheet of electro
chromic nature. The solar shading sheet may be automatically
controlled by diverting part of the solar-trigeneration power to
actuate the electro chromic layer.

Application

A prototype was developed and manufactured [3] for testing the
performance of a unit panel. The basic design, which shows the
application module is shown in Figure 4.

Figure 4. Single tri-generation module [2, 3].

In this unit tri-generation panel, the conducting sheet is ther-
mally riveted to a sheet metal at one end. The metal sheet is
connected to a hydronic copper pipe, in which water circulates to
transfer the heat from the module to points of use, thus accomp-
lishes the thermal sink function both for the PV module and the
TEC module. The calculated performance of the system under
ideal with properly sized and selected PV and TEC modules is
summarized in Figure 5. In this calculation the cooling COP of
TEC is 0.70, PV efficiency is 0.2. The solar power generated is
equally split between power supply and TEC activation. Depen-
ding upon the incident total solar insolation on the module, for
example at 160 W, the breakdown of the useful outputs are:
e Total solar electric power capacity = 32 W.

o 16 W to electric demand

016 Wto TEC
e TEC cooling capacity = 11.2 W at and indoor DB air tempera-

ture of T, =295 K (22°C)

e Solar heat capacity =115.2W at T, =343 K (70°C)

heat
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Figure 5. Tri-generation system performance under ideal conditions.

The first-law efficiency of the module under ideal conditions is
142.4 W/160 W, which is 89 %.

Exergy Evaluation

Te first-law efficiency does not distinguish the exergy of the tri-
generation module supplies that are electric power, heat, and
cold and their balance with the indoor space demands. In order
to make a better analysis of the module, Rational Exergy Mana-
gement Model (REMM) was used for the exergy analysis [4]. In
REMM model all systems may be analyzed in terms of an ideal
Carnot cycle and the associated temperatures. In employing this
model, it is possible to map solar, wind, mechanical and other
energy sources that may not be directly represented by a tem-
perature field, into an equivalent temperature domain. For solar
energy, itis [4]:

[I_zssKJ
2 T
P.w — -;:H’ﬂf (1)
2
seTWm: - Te
TSHH

Here P is the peak solar insulation on-site (800 W/m?), T_ is

solar
the mapped solar energy supply temperature for ideal Carnot
cycle. T
ture (283K) based on average ground temperature at the given
to be 683 K. Then the supply
exergy to the tri-generation module at the given conditions given

above (160W), according to the REMM module is:

is 5800 K. Tg is the reference environment tempera-

site. Above equation yields T,
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On the demand side of the solar tri-generation system:
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Here T is the TEC cooling side surface and is taken 291 K
(18°C). The exergy supply on the demand side of the solar tri-
generation module is the sum of the above three exergy values,
namely 36.47 W. The overall rational exergy management effici-
ency, W, of the module is:

W, = 36.47 W/93.7 W = 0.389. ®)
Compare this with only electric power generating PV case, which
delivers 32 W electric power only. In this case;

¥, =32 W/93.7 W = 034, (6)

and its first-law efficiency of 0.20.

Conclusions

Solar tri-generation module increases both the first-law efficiency
and the rational exergy management efficiency. The first-law ef-
ficiency increases from 0.20 to 0.89 and the ‘¥, value increases
from 0.34 to 0.389. The relatively small increase in ‘¥, is due to
the fact that COP of the TEC element in this case study is 0.7.
In further research, use of better TEC modules with higher COP
values will help to increase the ‘¥, value even higher. Yet the so-
lar tri-generation module has important implications in replacing
carbon emissions. The carbon emissions mitigation potential of
a simple PV module and a solar tri-generation module per unit
load, when REMM model is incorporated may be deduced from
the following equation [4, 5]:

According to this equation a solar tri-generation module may

1 1
= , L g aa
Top ( W ke ) 02 (] 0.34) )

= 6—‘41 Ririgen )

n trigen

COspyp
Colfri'_t:cw

48 (0

1 -
—~ (1-0389
0‘89( 0.389)

replace 4.8 times more carbon emissions from the stock when
compared to a simple solar PV unit occupying the same solar
exposed surface area, like on the roof of a house. This study re-
veals that it is quite important to consider both first and second-
law thermodynamics, especially in the REMM format in order to
direct and guide future solar PV and TEC applications in hybrid
format for reducing carbon emissions effectively
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Ozet

Yenilenebilir enerji kaynaklari sahip olduklari cesitlilikleri, kullani-
labilirlikleri, cevre dostu olmalari vb. gibi bircok olumlu yénlerinden
dolayi gelecekte stirdrtlebilir enerji kaynaklari temelini olustur-
maktadirlar. Yenilenebilir enerji kaynaklari, giines enerjisi, riizgar
enerjisi, su glcl enerjisi, jeotermal enerji, biyokdtle enerjisi, dalga
enerjisi, gelgit vs. gibi bircok formda kullaniimaktadir. Birincil enerji
kaynagi olan giines; kémdir, petrol, biyoklitle ve riizgar vb. gibi bir-
cok enerji kaynaginin temelini olusturur. Yerytiziine gelen gines
1s1g1, glines enerji teknolojileri sayesinde bircok sekilde kullanil-
maktadir. Glines enerjisi en genel olarak isil déntisiim ve elekt-
rik enerjisine déntistiim seklinde kullanilir. Gunes enerjisi modtiler
olabilen, kullanim kolayligina sahip, isletme giderleri diistik ve ¢cok
kigtik glclerden(W), cok blylik gticlere(MW) kadar tesis edilebilen
temiz enerji kaynagidir.

Bu calismada ¢ok genis uygulama alanlarina sahip olan glnes
enerjisinin, fotovoltaik(PV) uygulama alanlarindan biri olan giines
arabalarinda kullanimi, fotovoltaik tasarim Kriterleri, elektrik enerjisi
depolama sistemleri analiz edilmis ,glnes arabalarinin glinimizde
ve gelecekte kullanilabilirligi tartisilmistir.

Anahtar Kelimeler: Fotovoltaik sistemler, ulasim, giines enerjisi,
yenilenebilir enerji, gtines pili, elektrik enerji depolama sistemleri.

1.Girig

Enerji tliketiminde dinya genelinde fosil enerji kaynaklari énemli
bir pay olusturmaktadir. Kiresel iIsinmanin ve iklim degisikliklerinin
6nlenmesi, CO, saliminin azaltiimasi igin fosil kaynakl enerji kulla-
niminin azaltilmasi gerekmektedir. Bu baglamda bircok ulke ulusal
ve uluslararasi antlagmalar imzalamaktadirlar.

Dinya enerji kaynaklari kullanimi sektorel olarak incelendiginde
birincil enerji kaynaklarinin beste biri yalnizca ulagim sektéru ta-
rafindan kullaniimaktadir.[1]. Dunya petrol tuketiminin %60’ ayni
sekilde ulasim sektériinde gerceklesmektedir. Tum bunlarla birlikte
dinya CO, saliminin %25,5'i ulagim sektord tarafindan, ulastirma

Dr. Beyhan KILIC

istanbul Ulagim A.S

Ferhatpasa Metro Tesisleri
Elektrik-Elektronik Tesisler MudurlGgu

sektorinln icinde karayolu tagimaciligi ise tim CO, saliminin %16
sini tek basina Uretmektedir [2].

Gunimuzde yenilenebilir enerji kaynaklarinin ulasim sektériinde
kullanimini arttirmak icin bircok calisma yapilmaktadir. Bunlardan
bazilari hidrojen enerjisiyle calisan yakit pilli araclar, benzin ve
hidrojen ortak kullanimi ortak olan hibrid araglar, glines enerijisi-
ni dogrudan elektrige ceviren glines pilli araclar diye siralanabilir.
Ozellikle otomobil kullanimin arttigi metropollerde bu sebeplerden
dolayi temiz arag tasarimlarinin dnemi daha da artmaktadir.

Tum bunlarin yaninda yakin gelecekte fosil kaynakli enerjilerde arz
sikintisinin ortaya ¢ikacak olmasi, kaynak azalmasina bagh olarak
fiyat artisi da yenilenebilir enerji kaynaklarina yénelmeyi zorunlu
kilmaktadir.

Glnes enerjisi, fotovoltaik sistemler ile dogrudan elektrik enerijisi-
ne dénusturulerek kullanilabilmesinden, moduler olarak kurulabil-
mesinden ve istenilen glic degerinde tasarim kolayligindan dolayi
otomobillerde kullanimi uygun gérilmektedir. Bu amagla bir ¢ok
devlet gunes enerjisini ulasim araglarinda kullanimini tesvik etmek
icin destek sunmakta ve yarislar duzenlemektedir. Bunlardan en
6nemlisi diinyada (bizim Ulkemizde dahil olmak Uzere) birgok Ul-
kede gunes enerjili araba yarislarinin diizenlenmesidir. Bu amagla
glnese ilginin ydnelmesi, uygulanabilir ve kullanilabilir tasarimlarin
ortaya ¢ikmasinin tesvik edilmesidir. Bu bildiride giines enerjisin-
den elde edilen elektrik enerjisinin glines arabalarinda kullanimi ile
ilgili analizler yapilacaktir. Konsept olarak hazirlanacak olan araba-
larin istege bagh olarak fotovoltaik tasarim kriterleri ve depolama
sistemleri degisiklik gdstermektedir.

2. Gunes Enerjisi

insanlik enerjiye bagimlidir. Yasam standartlarinin strdiiriilebilir
olmasi icin ¢cok miktarda enerjiye ihtiya¢c duyulmaktadir. Yerylizin-
deki birincil enerji kaynagr gunestir. Glnesteki fiizyon siirecinden
olusan enerji degeri 1370 W/m?#dir. Ancak dunya yuzeyinin bir bo-
IGmundn sirekli bulutlu olmasi, yansimalar ve glines gelis agisinin
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degisimi gibi sebeplerden dolayi yerylziine 0—-1100 W/m? arasinda
enerji digsmektedir. Metrekareye dusen bu enerji miktar bile din-
ya enerji ihtiyacinin ¢ok ustindedir. Dunyada gunes enerjisinden
binalarin isitiimasinda, su damitiimasinda (distilasyon) ve kurutma-
da, gunes firinlarinda, kaynak yapiminda, havalandirma sistemle-
rinde, dogrudan elektrige donustlrulerek enerji elde edilmesinde
ve hidrojen Uretiminde kullaniimaktadir [3]. Fotovolvatik pillerin
(PV) yaygin kullanimi ile elektrik tretiminin maliyeti, sabit fiyatlarla
8 kat diismdis ve pillerin enerji verimi % 30’a ¢ikmistir[4]. Ulkemizin
glines enerijisi bir yilda 36 milyon ton kémiire esdegerdir. Ulkemiz-
de bu enerjiden gectigimiz yillara kadar sadece konutlarda sicak
su temininde yararlaniimaktaydi ancak son yillarda birgok isletme
ve devlet kurumu guines enerjisinden elektrik tretimi icin ¢calismalar
baslatmislardir. Sliphesiz 2005 yilinda ¢ikarilan yenilenebilir Enerji
kanunun etkisi bu ilerlemelerde en énemli faktérdir. Tirkiye'de
toplam endustrinin % 40’i gines enerjisinin yuksek oldugu Ege,
ic Anadolu, Akdeniz ve Giiney Anadolu bélgelerindedir. Ulkemiz
sahip oldugu cografi konum nedeniyle glines enerji potansiyeli yik-
sek Ulkeler arasinda yer almaktadir.[5]

2.1 Gunes-Elektrik Dénligiim Sistemleri

Gunes enerjisinden elektrik tretimi dogrudan dénisim ve dolay-
Il déntisiim olmak Uzere iki ayri ydéntemle gerceklestirilir. Dolayli
doénusiimde, glnes 1sinimi istya cevrilir ve bu isi termodinamik bir
islem sonucunda mekanik gli¢c ve buradan elektrik Uretilir. Dogru-
dan dénlisumun ginimuzde en yaygin ydntem ise fotovoltaik do-
nastmddar.

2.1.1 Fotovoltaik Déntisiim

Fotovoltaik(PV) sistemler glines enerjisini dogrudan elektrik ener-
jisine dénisiim yapan yari iletken yapilardir. fotovoltaik sistemler
hiicre seklindedirler ve giines pili olarak adlandirilirlar. Giines pil-
leri, glines enerjisindeki fotonlari termodinamik bir isleme veya bir
akiskana gerek duymadan dogrudan elekirige cevirirler. Gines
pilleri yalniz bagslarina distk gerilim Urettikleri icin birbirleriyle seri
baglanarak moduller olusturulurlar ve istenilen gerilim seviyesine
bu sayede ulastirilirlar. Sistemde akim diizeyinin ayarlanmasi iste-
nirse moduller paralel baglanarak akim deg@eri yukseltilebilir. Glines
pilleri fotovoltaik ilkeye dayali olarak calisirlar, yani Gzerlerine 11k
distugu zaman giines pillerinin uglarinda gerilimi olusur. Pilin ver-
digi elektrik enerjisinin kaynag, yizeyine gelen glines enerjisidir.

Glnes enerijisi, gines pilinin yapisina bagli olarak % 5 ile % 30
arasinda bir verimle elektrik enerjisine gevrilebilir. Gl¢ ¢ikisini ar-
tirmak amaciyla ¢ok sayida guines pili birbirine paralel ya da seri
baglanarak bir ylizey lGizerine monte edilir, bu yapiya giines pili mo-
dulu ya da fotovoltaik modul adi verilir. Glg talebine bagh olarak
moddiller birbirlerine seri ya da paralel baglanarak bir ka¢ Watt'tan
megaWatt'lara kadar sistem olusturulur. Guines pillerinin yapiminda
pek cok farkli maddeler kullanilir. Bunlar arasinda kristal silisyum,
galyum arsenit, amorf silisyum vb. sayilabilir.

2.1.2 Giines Pili Sistemleri

Gunes pilleri, elektrik enerijisi ihtiyaci olan bitin uygulamarda kulla-
nilabilir. Genellikle giines pili sistemleri; glines pili modulleri, akuler,
invertorler, aku sarj-desarj kontrol cihazlari, cesitli elektronik haber-
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lesme ve kontrol aygitlarindan olusurlar. Bu sistemlerde ihtiyaca
bagli olarak giines pili modiili, enerji kaynagi olarak kullanilir. Gu-
nesin yetersiz oldugu zamanlarda, enerji ihtiyacinin arttigi pik de-
gerlerde ya da 6zellikle gece sliresince kullaniimak tizere genellikle
sistemde akuler bulundurulur. Gunes pili moddlleri elektrik enerjisi
Uretir ve bu eneriji ihtiyac olan yerde kullanilir, eger enerji fazlalig
varsa Uretilen enerjinin bir kismi akilerde depolanir. Ve enerji ye-
tersiz oldugunda yike gerekli olan enerji akilerden alinir. Akinin
asir sarj ve desarj olarak zarar gérmesini engellemek icin kullani-
lan denetim birimi ise akinun durumuna goére, ya gines pillerin-
den gelen akimi ya da yikun cektigi akimi keser. Bazi sistemlerde,
glnes pillerinin maksimum gui¢c noktasinda calismasini saglayan
maksimum gu¢ noktasi izleyici cihazi bulunur. Asagida bir glines
pili enerji sisteminin genel semasi verilmektedir.

DC
e — -
Yiikler
Gines
Pili 113 || Kontrol
Moddili Kutusu

i - AC
Yukler
Akl
Grubu

Sekil 1. Genel glines pili enerji sistemi semasi

3.Giines Arabalari

Bir noktadan diger bir noktaya hareket edilirken icten yanmali mo-
torlar kullanildiginda, motorda Uretilen mekanik enerjisinin ancak
%10’u yer degistirme icin yapilan iste kullanilir. Geriye kalan %90
kisimlik eneriji ise gesitli sebeplerden dolayi(surtinme kuvveti vb.
gibi) zayi olur [6]. Ayrica icten yanmali motorlu araclardan gevre-
ye ve insana ¢ok blyuk zararlar olan hidrokarbon, azot oksitleri,
kursun, ¢inko ve kadmiyum gibi agir metaller veriimektedir. Motorlu
ara¢ kullaniminin surekli arttigr glinimuzde birgok nedenle birlik-
te fosil yakit kullanan araglarin hava kirliligine etkisi cok buyuktur.
Oyle ki Amerika Birlesik Devletlerinde her yil yaklasik olarak 60000
insan hava kirliligine bagli sebeplerden dolay1 éImektedir. Bu hava
kirliliginin yaklasik olarak dortte biri arabalarin egzostlarindan ¢i-
kan zehirli gazlardan dolayi olusmaktadir [7]. Yukarida sadece
bir kismina deginilen problemlerden dolay! arag teknolojilerinde
bircok calisma yapilmaya baslanmistir. Bunlardan birkaci; yakma
teknolojilerinin gelistirilmesi ve artik yakit miktarinin azaltiimasi,
hibrit araglarin piyasaya ¢ikarilmasi (icten yanmali motorlarin, hid-
rojen ile beraber kullaniimasi), buylk otomobil Ureticilerinin yakit
pilli Gzerine ¢ok blylk yatirnmlar yapilarak arastirma ve gelistirme
calismalarina devam etmeleri seklinde siralanabilir. Temiz ulagim
arayislarindaki bir diger calisma ise elektrikli ulasim araclardir.
Elektrikli ulasim araclarinda kullanilan elektrikli motorlari ylksek
verimlerde calisan ve calisirken atmosfere kirletici gaz yaymamak-
tadirlar. Buna karsilik, yuksek glc taleplerine yanit vermekte zor-
landiklarindan, kisa surelerde hizlanamadiklarindan manevra yete-
nekleri sinirli kalmaktadir. Ote yandan, giines pili sisteminin ihtiyag
fazlasi elektrik Uretebilmesi halinde aki doldurulacak, Gretimin ye-
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tersiz kaldigi sirada da, akiide depolanmis olan enerji kullanilacak-
tir. Eger aracta gerilim dlzenleyici konverterler yoksa araglar kul-
lanacaklari elektrigi 6nceden depolanmis olmalari gerekmektedir.
Halbuki yiksek glice sahip akilerin halen, bosalma sureleri kisa,
yeniden doldurma sureleriyse uzun. Tum bu durumlar elektrikli
araclarin kullaniminin éniinde engel olarak durmaktadirlar ancak
gelisen teknolojiyle birlikte bu sorunlarin yakin zamanda ortadan
kalkabilecedi gézden kagirimamalidir. Asagidaki sekilde istanbul
trafiginde seyir halinde olan, glines enerijisi ve teknolojilerine dikkat
cekmek amaciyla Yildiz Teknik Universitesi Glines Enerji Sistemler
Kulibi(YTU-GESK) 6grencilerinin yaptigi érnek bir giines arabasi
gosterilmektedir.

Sekil 2 Trafikte Bir Gines Arabasi

Gunes arabasi hafif adirlikta, orta glcte calisan, enerjisini giines-
ten alan elektrikli arabalardir. Aracin Ust ylzeyindeki glines panel-
lerinden elde edilen glines enerjisi elektrik enerjisine cevrilir. Glines
arabalari mevcut durumda gunlik tagimacilik icin kullanilamamak-
tadir. Genellikle mihendislik uygulamalarinda, demonstratif amacli
olarak ve sponsor destekleri ile yarislarda kullaniimaktadir. [8]. Ki-
sith sayida (genelde bir bazen iki kisilik) oturma yeri, cok az tasima
kapasiteleri vardir ve genellikle giindlz kullanilabilirler. Glnes 15131,
bir elektrik akimi Ureten giines panellerinin her bir hiicresi tarafin-
dan emilir. Enerji depolanmak uzere pillere, araca gu¢ vermek icin
direkt olarak motor kontroloriine veya ikisine birden gidebilir. Genel
olarak eger ara¢ hareket halindeyse elekirik enerjisi motor kont-
rolorleri tarafindan motora iletilir. Bu durumda artan enerji sonraki
kullanimlar icin pillerde depolanir. Glines panelleri motoru istenilen
hizda calistirmaya yetecek enerjiyi Gretemediginde panelin enerji-
si pillerde depolanan enerjiyle desteklenir. Araba hareket halinde
degilken giines panelinden gelen bitin enerji pillerde depolanir.
Gines arabasini hareket ettirmek icin kullanilan bir kismini yerine
koymak icin sdyle bir metot vardir. Araba normal mekanik frenleri
kullanmak yerine, motor frenlemesi yapildiginda motor jeneratér
halini alir ve enerji motor kontrolér(i vasitasiyla pillere geri yollanir.
Bu metoda rejenaratif frenleme denir (enerji kazanimli frenleme).

4. Glines Arabalar1 Tasarim Kriterleri
Glnes arabasi tasarimi oldukga karmasik muhendislik sorunla-
ri icerir. Hareket halindeki bir otomobil, U¢ cesit kuvvete karsi is
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yapabilmek zorunda kalir Birincisi, havanin ve lastiklerin strtinme
kuvvetine, ikincisi, ivmelenme sirasinda maruz kalinan eylemsizlik
kuvvetine, Gclinclslyse, bir yokus tirmaniliyorsa eger, aracin agir-
ligina etki eden yercekimi kuvvetinin yokus ylizeyi Gzerindeki izdl-
sumune karsi yapilan is. Yokus asagi hareket halinde, bu Ug¢lnc
kuvvete karsi yapilan is negatif olur. Yani otomobil, yercekiminden
kaynaklanan potansiyel enerjisinden kaybederken, kinetik enerji
kazanir. Otomobilin tasarimini yapabilmek i¢in, aracin maruz ka-
lacagi bu kuvvetlerin tavan diizeylerinin énceden bilinmesi gerekir.
Bu durum, aracin geometrisinin ve kabaca agirliginin énceden bi-
linmesini gerektirir. Dolayisiyla, tim otomobillerin oldugu gibi, gu-
nes panelli bir aracin tasarimi da, bir bakima sondan baslar: Hangi
amaca hizmet edeceginin kararlastirimasindan sonra, bu amag
icin yeterli olacak bir agirlik belirlenir. Glines arabasi tasariminda
boyutlar, glivenlik ihtiyaclari ve performans ihtiyaclari éncelikle be-
lirenmelidir. Uygun 6ncelikler, hedefler, aracin agirligi, hizi belir-
lenmelidir. Aracin mimkin oldugu kadar hafif tasarlanmasi iyi bir
yaklasimdir. Hafif araglar daha enerji etkin olmakla birlikte dikkatli
bir miihendislik ve yogun testler gerektirmektedir. Bu testler bilgisa-
yar simulasyonlari veya gergek modelin ki¢ultiimus sekli ile ¢esitli
simulasyonlara maruz birakilarak(riizgar tlineline sokmak gibi) ni-
hai karara varilir. Tasarim kriterleri:

1. Glinesten maksimum enerji gekmek,

2. Kayiplarl minimuma indirmek,

3. Guvenligi saglamak,

4. Fiyat dusurmek,

5. Performansi arttirmak seklinde siralanabilir.

Daha sonra aracin mekaniksel ve elektrik-elektroniksel tasarimina
baslanir.

4.1 Elektrik-Elektronik Tasarim

Gunes arabasi sadece PV’ nin Urettigi enerji ve bataryada depolan-
mig enerji ile tahrik edilebildigi i¢in, bunlarin toplamindan elde edi-
lebilen gli¢ , aracin ne kadar hizli ve ne kadar uzaga gidebilecegi
konusunda kisitlayici bir faktérdiir. Glines arabalari glict ancak bir
evsel sa¢ kurutma makinasi gliciindedir. Gunesli bir giinde aracin
glines hiicrelerinden alinan enerji 0.75 ile 2 kW arasinda degis-
mektedir bu degerler aracin Gzerindeki kurulu glice bagli olarak
degismektedirler. Pek ¢ok yarista 5 kWh enerji depolanmasi limiti
vardir. Bu limit TUbitagin dlzenledigi glines enerijili araba yarisla-
rinda ise maksimum depolama limiti 2kWh olarak koyulmaktadir.
Gunes araba yariglar konvansiyonel arabalardan tamamen fark-
I guic tlketim seviyesi ve verim ile ¢alisirlar. Kisitli enerjiyi en iyi
yonetebilmek icin aerodinamik surtiinme ve mekanik yuvarlanma
direnci gibi iki blyUk kuvveti en aza indirmek gerekir. Elektrik sis-
temlerinde ve motorlarda gii¢ kaybi da séz konusudur. Sirtinme
alaninin %10 oraninda azaltiimasi ile hiz %3,1 oraninda artmak-
tadir. Surtiinme direncinin %10 oraninda azaltilmasi ile hiz % 1.4
oraninda artmaktadir [9]. Bunun digindaki gu¢ tiketimleri, oldukca
parazitik, sabit ve verimsizdir. Hub motorda, solar dizi gug¢ takipgi-
sinde, dc-dc donustiricilerde harcanmaktadir. Batarya verimi de
%100 degildir. Bu bilesenlerden surekli elekirik akmakta ve isi ola-
rak bir kismi kaybolmaktadir. Pek cok elektrikli bilesen icin bu kagi-
nilmaz gerceklik ile en ylksek verime sahip bilesenler secilerek bas
edilebilir. Elektriksel bilesenlerin kablolamasinda daha blyuk capli
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kablo secilirse, 1sil kayiplar azalacak ancak, malzeme agirligi arta-
caktir. Aracin agirhginin artmasi ise yuvarlanma direncini arttiracak
ve araci ivmelendirmek icin daha ¢ok glic gerekecektir. Minimum
glc kaybina sebep olacak kablo boyutunu bulmak icin artan agiriik
ile direnc azalimi dengelenmesi yapiimahdir[10].

5. Glines Arabasi Teknik Bilesenleri

Gunes arabalari elektrik sistemleri genel olarak ylksek ve algak
gerilimli olmak Uzere iki gruba ayrilir. Yiksek gerilim bilesenleri, 36
V’ un Ustlindedir. Bunlar motor, bataryalar, giines paneli ve kontro-
16r, réle, sigortalar ve kablolar gibi malzemelerdir. Bunlarin diginda-
ki bilesenler algak gerilim ile galisirlar; ivme pedali, fanlar, isiklar,
korna, veri izleme, veri elde etme ve kontrol sistemleridir[10]. GU-
nes arabalar yuksek gerilimli elektriksel bilesenlerinden bataryalar
ve pv ler araci tahrik etmek icin kullanilir. Bu glgc sistemleri en kar-
magik ve ayrintili bilesenlerdir. Pv’ler ve bataryalar motor paralel
olarak baglanir. PV grubu arag tahrigi icin gerekenden fazla tretim
yaparsa , bu bataryalara génderilir. Yetersiz 1sinim oldugunda da
tahrik, bataryalardan saglanir. Gunes arabalarinda kullanilan elekt-
rik tahrik sisteminde rejeneratif frenleme yetenigi vardir. Motor bu
sirada jeneratdr olarak islev yapar, Uretilen gic bataryalarda de-
polanabilir. Elektrik-Elektronik bilesenler kisaca: Glines hucreleri,
depolama sistemi, elektrik motoru, motor sdricusi, azami glc¢
saglayici(mppt), haberlesme birimleri, kontrol kartlari ve gosterge
paneli seklinde siralama yapilabilir[11].

5.1 Fotovoltaik Tasarim

Gunes enerijili araglar yapilirken éncelikle belirlenen ihtiyaca gore
gunes panelleri yapilir. Gines (Fotovoltaik) pilleri giinesten gelen
enerjiyi elektrik enerjisine cevirirler. Yari iletken bir yapiya sahip
olan gunes pilleri Glnes 1s1gindaki fotonlar, elektronlari yari iletken
metalik bir yonga plakasinin bir katmanindan bir diger katmanina
hareket ettiren enerjiyi saglar. Elektronlarin bu hareketi bir akim
yaratir. . Aracin ylzeyine yerlsetirilecek olan glines hicreleri kim-
yasal yapilarina bagli olarak daha iyi elektrik akisini saglamalar
icin zorunlu haller diginda dikey montajlama yapilmasi daha uy-
gun olacaktir Gunes panelleri bazi ¢alismalarda birlestirilmis hazir
halde paneller kullanilarak uygulama yapildigi gibi her bir glines
hucresi tek tek birlestirilerek aracin ylizeyine uygun ve istenilen
gerilim deg@erinde paneller olusturulabilir(yapilan ¢alismalar ince-
lendiginde genellikle bu ¢alismalardan profosyonel olmayan 6gren-
ci takimlarinin kagindigi gézlemlenmistir, ancak YTU-GESK takimi

<7 % & | ’ >
Sekil 3. Gunes Hucrelerinin Birlestiriimesi ve Koruyucu Kimyasal ile Kap-
lanmasi
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tim birlestirme, lehim, hiicre koruma ve yansitma énleme kimyasal
kaplamalarini kendileri yapmiglardir. Sekil 3). Gerilim degeri ise
kullanilan motor, azami gii¢ saglayici (mppt) ve akilerin katalog
degerlerine bagl olarak degiseceginin hesaba katilarak tasarim ya-
pilmasi gerekmektedir. Glnes arabalarinda tim sistemler birbirine
bagll olduklarindan dolayi, tim segimler ve ayarlar ince hesaplar
sonrasinda yapilmalidir. Paneller yapilirken ihityaca bagl olarak
baz kriterler olusturulabilir. Bunlar: Yapi (hicre, panel), verimlilik,
boyut, esneklik, kullanim émri, sicaklik-verim arasindaki degisim
ve fiyattir.

5.2 Depolama Sistemi

Glnes arabalarinin kalbi bataryalardir. Batarya agirhgini depola-
nan enerjiye karsi dengelemek icin 2.-11 kWh arasindaki batarya-
lar kullanilir.Deneyimler daha buylk batarya kapasitesinin bir es-
neklik kazandirdigini géstermektedir. 1997’den beri pek ¢ok yarista
5 kWh limiti kullanilmistir. Turkiye deki glines enerjili araba yaris-
larinda ise 2kWh aki grubuna misaade edilmektedir. Batarya ka-
pasitesini dogru olarak élgmenin zorluguna ragmen, her tir batarya
icin agirlik, kullanilan kimyasalin ortalama enerji yogunluguna gére
belirlendi. Bataryalar i¢in dogru spesifikasyonlari bulmak zordur.
Fiziksel boyutlar, terminal tipi ve agirlik oldukga belirgindir ancak,
elektriksel karakteristikler belli degildir. Ureticiler nominal gerilim ve
kapasite ifade ederler. Bir bataryayi uygun bir sekilde nitelemek icin
sarj-desarj sayisi verilmeli, degiskenler cizilmelidir. Batarya ¢ikis
gerilimi sarj durumu ve yike bagli olarak degisir. Enerji kapasite-
si sarj hizina baglhdir.Tim bu faktérler ise, sicakliga bagimlidir ve
terminal rezistansi ve sarj verimi gibi ek karakteristikler de vardir.
Sarj verimi sarj sirasinda dolan enerjinin desarj sirasinda alinan
enerjiye oranidir. Glnes arabalarinda en yaygin olarak kullanilan
bataryalar Kursun-asit tipidir[10]. North Amerikan Solar Challenge
( Kuzey Amerika Gunes Arabasi Yarismalari) takimlari su pil tiple-
rini kullanmaktadirlar.

Sekil 4. Glnes arabalarindaki pil sistemi yapisi

Nikel - Kadmiyum Piller: Nikel-Kadmiyum piller ylksek giic yogunlugu
ve ortalama uzun émurltdirler. Ancak bu iyi 6zellikler, geri dénusum-
leri dogru yapilmadigi zaman barindirdiklari yiiksek toksin ve gevreye
verdikleri zararlar sebebiyle tercih edilmezler. Sarj etme isi son derece
6nemlidir, zira asiri IsSinmaya ve genelde patlamaya egilimlidirler.

Gumus - Cinko Piller: Bu piller sarj edilebilir piller icinde en ylksek
enerji yogunluguna sahiptirler. Bunlarin tek dezavantaji ¢cok kisa
Omurlt olmalardir.

Nikel - Cinko Piller: Bu piller gimus - ¢inko pillere gére yaklasik on
sarj etme kapasitesiyle daha uzun 6murli ve daha az pahalidirlar.
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Ayrica enerji yogunlugu gumus -¢inko pillerin araligini asmaz an-
cak kursun-asit pillerinkinden de daha fazladir.

Kursun - Asit Piller: Bu pillerin iyi bir enerji etkinligi ve gérece ucuz-
luk gibi bir cok avantaji vardir. Bunlarin glines arabasi yarismala-
rinda kullaniimasi i¢in bir ka¢ kez sonuna kadar sarj etme-bosaltma
kapasitesi olmalidir.

Lityum - Iyon Piller: Bu piller diziistii bilgisayarlardaki yiiksek perfor-
manslariyla bilinirler.Pilin enerji yogunlugu sadece bunlarin gimus
- ¢inko tipleriyle daha iyi hale getirilir, ylizlerce kez sarj edilebilirler
ve cok daha ucuzdurlar.Bunlar gerekli voltaji Uretirler.Genelde ara-
balarin elektrik sistemine bagli olarak 84 ve 108 volt arasinda sis-
tem voltaji kullanilir. Kimi arabalar daha diisik voltajda da caligir.

5.3 Elektrik Motoru ve Siiriiclisii

Glnes arabasinin suriis takimi normal bir arabaninkinden oluk-
ca farklidir. Konumuz agisindan belirtmek gerekirse siriis takimi
elektrik motoru ve motor glcunin tekerleklere iletiimesini saglayan
ve dolayisiyla arabayi hareket ettiren araclardan olusmaktadir. Mo-
tor ve motor kontrol devresi: Otomobilin hareket etmesini saglayan
elektrikli DC motorlar, dayanikli malzemeden yapilmis olmali ve
imalat¢inin adini, motor numarasini, tasarlanmis guic ¢ikti dizeyi-
ni, motorun tipini, secilen voltaji ve IP koruma kodunu icermeli, bu
bilgiler aracin kimlik kartinda belirtiimelidir. Motora ne kadar elektrik
gidecegini ise kontrol devresi ayarlar ve saghkl bir enerji akigini
duizenler Uretilen duisiik enerji miktar (2—5 beygir glicti arasi) sebe-
biyle glines arabalari kullanilan motorun tipi agisindan bir sinirlama
yoktur.

En yaygin motor tipi cift sargili fircasiz DC motorlardir. Bu motor
oldukga hafiftir ve devir gliclinde %98 verim saglar. Cok vitesli
transmisyonlar glines arabalarinda nadiren kullanilir. Bunun gibi
AC motor kullanimi da ¢ok azdir ¢linkl elektrik ddnlisimU gereksi-
niminden dolayi kayiplar ¢cok fazla olmaktadir. Cift sargil motorlar
elektronik transmisyon olarak kullanilabilirler. Sargilar arasindaki
gecisler motorun hiz oraninda degisiklikler yapar. Duslik hizdaki
sargilar kalkis ve gecis icin ylksek tork saglarlarken ylksek hiz
sargilari daha yiksek verimlige sahiptir ve normal siirus i¢in en uy-
gundur. Gunes arabalarinda 3 ¢esit temel transmisyon tipinin farkl
varyasyonlari kullanihr.

1.Tek indirgemeli dogrudan tahrikli strtis
2. Degisken oranli kayish suris (Variable ratio belt drive)
3. Hub Motor.

Gecmiste en yaygin motor tipi dogrudan tahrikli transmisyon idi. Bu
tipte motor bir zincir ya da volan kayisi vasitasiyla tekerlege bag-
hdir. Tabi ki hizalama sirasinda 6zel bir 6nem gosterilirse. Verim-
lilikleri diizglin tasarlandiginda %75 i bulur .Cok az arabada gucu
tekerleklere iletmek icin de@isken oranli kayisli surtis kullaniimistir.
Vites araligi motorun hizi arttik¢a degiskenlik gosterir.Bu da diistik
hizlarda motora daha fazla kalkis torku kazandirir.Ancak yine de
araba yuksek hizda daha etkin bir stiris kazandirir.Deg@isken oranl
kayisli slirtis tam bir hizalama ve dikkatli bir kurulum saglandiginda
etkin bir sekilde calisir.1995 yilindan itibaren vites kutusuz siri-
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suin yayginligi artmistir. Hub veya tekerlek motor. Konvansiyonel
motorlarin agisal akisinin yerine eksenel magnetic aki avantaji-
nin kullanarak magnetler ince diskler halinde sekillendirilir. Bu da
motorun dogrudan tekere baglanmasini saglar,hatta tamamen ici-
ne yerlestirilirf12]. Mekanik problemler de vardir; sispansiyon ek
tekerlek agirligi ile basa ¢ikmalidir. Motor tekerlek ile ayni hizda
dénmelidir; bu daha az verimlidir.Pekgok giines araba takimi hub-
motor kullanirlar [13].

6. Sonuclar

Yukaridaki incelemelerden de goérilecegi gibi su an igin giines pille-
rinin ulagim sektérlinde alternatif bir enerji olarak dustinmek sinirli
sayidaki bolge icin gecerlidir. GUnku verimleri az, yatirimlar diger
enerji kaynaklarina gére ylksektir. Ancak gelisen teknoloji ile bir-
likte maliyetler strekli diismekte, cok farkli tip ve verimde glines
hicreleri Uretiimeye baslanmistir.

Fosil enerji kaynaklarina bagli tagsimacilik glinimuz kosullari irde-
lendiginde gelecek acisindan umit vaat etmemektedir. Fiyat artisla-
r1, hava kirliliginin 6nlenemez boyutlara ulasmasi, kaynak sikintisi,
bircok Ulkenin petrol ithalat¢isi konumunda olmasi(enerji gliveni
arz sorunu) gibi sebeplerden dolay: Ulkelerin yenilenebilir enerjilere
yénelmesi, kendilerine ait emre amade enerji talepleri olmasi do-
gal ve kacginiimazdir. Glines enerjili arabalar glinimuizde bireysel
calismalar, Universite ve devlet destekli kampanyalar ile gelismeye
devam etmektedir. Tim yapilan calismalar géstermektedir ki glines
1sinimi yeterli olan Ulkelerde glnes enerjili arabalar yollarda goér-
mek ¢ok uzak gérinmemektedir.

Dinyadaki glines enerji calismalari tim hiziyla strerken Ulkemi-
zin de bu konuda yapacag ¢ok igler vardir. TUBITAK énciiliginde
farkli bir boyut kazanan ve geng beyinlerin yogun ilgi gésterdigi Gu-
nes Enerjili Araba yariglari, bu alanlarda calismak isteyen akade-
misyenler ve 6grenciler icin degerlendiriimesi ve desteklenmesi ge-
reken calismalardir. Universitelerde bu alanlarda galisma yapmak
isteyenler icin merkezler kurulmali ve ar-ge calismalari yapiimasi
gerekmektedir. Glnes enerji sistemlerinin gelismesi adina yapilan
veya yapilmaya baslanan tim projeler gelecek i¢in yurdumuz adina
Umit vericidir.
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Abstract

Industrialization and the needs of individuals for better life standard
significantly increase the energy consumption. Coal, petrol and
natural gas are the primary sources for energy needed. But two
problems that can occur in close future with these sources. One is
the probability that one of these sources to run out and the other is
the immense increase in pollution because of the usage of these

sources industry.

Renewable energy technologies are essential contributors to sus-
tainable energy as they generally contribute to world energy secu-

rity, reducing dependence on fossil fuel resources, and providing

opportunities for mitigating greenhouse gases.

The aim of this study is to find out the solar energy technologies
in transportation and to give an opinion for future transportation
system. In this study, solar energy which are using a wide range
applications of photovoltaik area with solar car, are given about
generally in transportation specifically energy usage in transporta-
tion, photovoltaic design criteria, electrical energy storage systems
have been analyzed, solar car avaibility is discussed for today and
tomorrow. Solar cars have been developed a long time; they will
be used in traffic but not now. In the future these cars must be not

giving up for nature friend posterity.
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DEVELOPING SOLAR POWER GENERATION TECHNOLOGY TRANSFER
STRATEGY FOR TURKISH ELECTRICITY GENERATION MARKET

Burak Omer SARACOGLU
Ugzait Elektrik Uretim Dagitim Proje ve Sanayi Anonim Sirketi

Abstract

The electric energy generation systems are investigated in detail
in all over the world, it is observed that electric energy generation
firms have strived to implement technologies such as solar power
electric generation in an incrementaly increasing trend. However,
this electric generation technology is not even in the end of
introduction stage in Turkish Electricity Generation Market. The
objective of this paper is to focus on developing off grid and on
grid solar energy generation systems technology transfer strategy
roadmap for Turkish Electricity Generation Market.

Introduction

Nowadays, there is great tendency in demand of electricity in
all over the world. The main driver of the energy demand is the
economic growth. The data of world economy growth in the real
GDP (gross domestic product) shows that the world economy
expended until the economic crises in 2009 as such 2,2% in 2001,
2,8% in 2002, 3,6% in 2003, 4,9% in 2004, 4,5% in 2005, 5,1% in
2006, 5,2% in 2007, 3,2% in 2008, -1,3% in 2009 (International
Monetary Fund, 2009). In this report, the risks to world growth is
presented as below (see Figure 1).

—— Baseline forecast
I 50 percent confidence interval

- -2

- I 70 percent confidence interval

— [ 90 percent confidence interval -3

L 1 1 1 B 4
2008 07 08 09 10

Figure 1. Risks to World GDP Growth (Percent change), (Source:
International Monetary Fund, 2009).

The International Energy Agency investigate and study the demand
of the energy by adopting the data of world GDP Growth into its own
forecasting model. In the Reference Scenario of The International
Energy Agency, an average annual rate of 1.8% increase between
2005 and 2030 is projected (International Energy Agency, 2007).

The energy demand is presented by The International Energy
Agency as below (see Figure 2).
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Ugzait Elektrik Uretim Dagitim Proje ve Sanayi Anonim Sirketi
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Figure 2. World Primary Energy Demand in the Reference Scenario,
(Source: International Energy Agency, 2007).

Moreover, it is estimated that the developing countries impart
74% of the increase in demand of the global energy use (Source:
International Energy Agency, 2007). In addition to that, the report
focus on the primary energy demand by region and the regional
energy demand forecast is presented as below (see Figure 3).
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Figure 3. Primary Energy Demand by Region in the Reference Scenario,
(Source: International Energy Agency, 2007).

The world has been really struggling with climate change for several
years, that cuased the Secretary of United Nations General Ban Ki-
Moon urged richer nations to contribute the fund for global warming
in 15" United Nations Climate Change Conference (COP15) at
Bella Center in Copenhagen from the 7" to the 18" of December,
2009.

The environmental, social and economic status of the world has
been threated greately by the climate change. Intergovernmental
Panel on Climate Change declared that the warming of the
temprature of the world is unequivocal. The global annual average
temperature deviations is presented as below (see Figure 4).
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Figure 4. Global annual average temperature deviations, 1850-2008,
relative to the 1850-1899 average (in °C). “The lines refer to 10-year moving
average, the bars to the annual ‘land and ocean’ global average. (Ver. 3.00)
Data source: EEA, based on CRU HadCRU3 and CRUTEMS3 datasets,
(Source: Url-1, 2010).

The observations support that most of the warming is due to the
emissions of greenhouse gases by human activities. The statistics
present that the mean temperature has increased drastically by
almost 0.8 °C globally and by about 1 °C in Europe in the past 150
years. The Intergovernmental Panel on Climate Change (IPCC)
predicts that the global temperatures may highly increase by 1.8 to
4.0 °C by 2100 (Source: Url-1, 2010).

In this respect, International Energy Agency projected the energy-
related CO, emissions conditions in its report. According the
increase of the energy demand, the supply of energy will increase
in noticeable values which effects the rising global fossil fuel use.
This increase of usage in the fossil fuels will drive up the energy-
related CO, emissions. The estimation of the reference scenario is
the increase of 57% between 2005 and 2030, from 26.6 to 41.9 Git.
The most of the increase in emissions from power stations comes
from developing countries (Source: International Energy Agency,
2007). The energy-related CO, emissions is presented as below
(see Figure 5).
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Figure 5. Energy-Related CO2 Emissions by Scenario, (Source: International
Energy Agency, 2007).

Turkey is one of the developing countries that all of the assumptions
and predictions above are almost suited to the general status of
the country market conditions. The Electricity Market Regulatory
Authority (EPDK) was commissioned to regulate and supervise the
market conditions (Source: Url-2, 2010). The other government
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parties are the Ministry of Energy and Natural Resources (ETKB)
(Source: Url-3, 2010), the Turkish Electricity Transmission
Corporation (TEIAS) (Source: Url-4, 2010), the Turkish Electricity
Distribution A.S. (TEDAS) (Source: Url-5, 2010), the Electricity
Generation Corporation (EUAS) (Source: Url-6, 2010), the Turkish
Electricity Trade and Contracting Corporation (TETAS) (Source:
Url-7, 2010) and the General Directorate of State Hydraulic Works
(DSI) (Source: Url-8, 2010). TEIAS prepared a report named as
Turkish Electrical Energy 10-Year Generation Capacity Projection
(2006-2015). In this report 10-year Demand-Generation Capacity
Projection and Demand Projection Scenarios and Sensitivity
Analysis results is presented as below (see Figure 6 & Figure 7).
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Figure 6. Peak Load and Electricity Consumption of Turkish Electricity
System Between 1996 — 2005, (Source: International Energy Agency,
2007).
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Figure 7. Demand Projection Scenarios and Sensitivity Analysis results,
(Source: International Energy Agency, 2007).

Under this condition, the electricity energy suppliers should be
flexible (for ex. availability percentage in total requested duration),
responsive to customer needs (for ex. carbon reduction capability),
capable to adapt to rapidly changing conditions (for ex. recreation
the land after decommissioning or dismantling); at the same time
maintaining low investment and operation & maintenance costs,
high quality, customer satisfaction and environmental friendleness.
One way to achieve so many different and conflicting objectives,
may be handled with effectively adopting technological advances
that can be improved in mid to long term. Henceforth understanding
new technology issues and prospects, learning to adapt and
manage new technology, above all forecasting future technology
tools and instruments has become an extremely important issue.
In most situations, entities in almost any industry as performed
by energy industry, have been searching for ways to acquire
the new technology in order to protect their competitiveness.
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Nowadays almost all energy suppliers in all over the world study
and investigate for selecting business strategies that will help them
to find out new and appropriate tactics to beat the competition.
The entities should first focus on the company objectives, second
defining tactics, which help to accomplish the company objectives,
third forecasting the resource requirements, fourth defining the
milestones to step forward along the route, fifth empowering the
responsible people for fullfilling each step, during preparing the full
statement of business strategy. Each step should be performed in
a proper way that all the business risks and external factors need to
be reviewed in short, mid and long terms. For instance nowadays,
in the business strategy selection the type of energy production
source is the most important and crucial issue. Due to the reasons
of protecting the next generations, renewable energy generation
systems should be selected and funded.

These energy types are biofuel, biomass, geothermal,
hydroelectricity, solar energy, tidal power, wave power and wind
power. Almost in none of the sectors, the scientific methods
have not been executed in developing business strategy until
approximately five years ago. However, today scientifically
preparation of developing business strategy is very important for
energy industry. Furthermore, the technology strategy takes the
leading role after the business strategy. The link between the
business strategy and the technology strategy affects the success
of the entities. Technology strategy is defined as the ways used
to deliver the product to their customers (Calavaro G., and Kontio
J., 1997). In addition to that, formally there is a great dependence
between the technology strategy and the competitive strategy
of firms. In the technology strategy development, some of the
main tasks are building and maintaining technological assets,
technology forecasting, technology assessment, and product
building strategy.

The objective of this paper is the technology strategy development
in electric energy generation industry. Solar power electric
energy generation technology is specifically selected because of
the opportunity in investments of solar farms and solar energy
technology in Turkey in long term. In form of electric energy
generation, it is expected that the solar energy will be vital with
its on the edge technology. In this field of study, there are two
important terms. The first term is the road map. The road map is
defined as “a layout of paths or routes that exists (or could exist) in
some particular geographical space” (Bruijn E. J., and Steenhuis
H. J., 2004). The second term is the foresight. The foresight is
defined as “regard or provision for the future. Most people would
regard desirable, but in complex organizations such as companies
and government departments, foresight on issues concerning
technology does not often come easily” (Anderson J., 1997).

In brief, in this paper the solar power generation technology
transfer strategy development road map has been studied in detail
for Turkish electricity generation market, which is supported by the
finalized of the first stage of a long term case study.

2. Theoretical Background

This study was started with literature review of previous research
in this field. An enlarged point of view for the literature review was
preferred. The selection process of reference studies was based
on the special technique for execution of the literature review that
was developed by Saracoglu (2009). During the execution of the
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special technique, the reviewed database are ABI Inform Global,
ACM Digital Library, ALPSP-Science & Technology, Applied
Science & Technology, ASCE: American Society of Civil Engineers,
ASME : American Society of Mechanical Engineers, Blackwell —
Synergy, Cambridge Journals online, CRC ENVIROnetBASE,
CRC ITKnowledgeBASE, CRC MATERIALSnetBASE, Digital
Dissertations, Directory of Open Access Journals (DOAJ), Ebrary
Electronic Books, Econlit, Emerald Insight, Engineering Village 2,
ENGnetBASE, Expanded Academic ASAP International, Global
Books in Print, Iconda, IEEE/IEE Electronic Library, Referex
E-Book, Safari E-Book, Science Direct (Elsevier), Science Online,
Springer Lecture Notes in Computer Science, Springer Link,
SwetsWise, Taylor & Francis Journals, Transportation Research
Records, University of California Press Scholarship Editions, Web
of Science, Wiley InterScience. During the literature review fourty
four studies were directly matched with the aim of the subject. Five
studies out of fourty four was presented in this paper.

The first study, that was selected to be presented in our study, was
by Calavaro and Kontio (1997). Calavaro and Kontio presented a
framework for identifiying the competitive strategies and technology
strategies. The Corporate strategy identification process model by
Calavaro and Kontio (1997), is presented as below (see Figure 8).
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Figure 8. Corporate Strategy Identification Process Model (Source: Calavaro
and Kontio, 1997).

The second study, that was selected to be presented in our study,
was by Carrie et al. (2000). Their model was based on Hill's model.
The first stage of their model was the corporate objectives. The
three generic business strategic term were suggested in their
paper as “product leadership,” “customer intimacy,” “operational
excellence”.

» o

The second stage was the strategic advantage. The important
strategic advantages were defined as “price advantage,” “cost-
quality advantage,” “know-how advantage,” “timing advantage,”
“deep-pocket advantage,” and “stronghold advantage.” The third
stage was technology advantage criteria. The important technology
advantage criteria were defined as “Rivalry stance,” “value chain
stance,” “scope,” and “depth”.

The third study, that was selected to be presented in our study,
was by Farrukh et al. (2001). They clearly defined the technology
roadmaping. They described a “fast-start” technology road mapping
process. The Fast-start technology road mapping process by
Farrukh et al. (2001), is presented as below (see Figure 9).
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Figure 9. Fast-Start Technology Road Mapping Process (Source: Farrukh
et al., 2001).

The fourth study, that was selected to be presented in our study,
was by Davenport et. al. (2003). They explained that technology
strategy consisted of policies, plan centers, the firm’s knowledge
and abilities. They also distinguished the technology strategy and
knowledge strategy. Three major active drivers were pointed as
“acquisition,” “management,” “exploitation”. Technology strategy
framework by Davenport et. al. (2003), is presented as below (see
Figure 10).
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Figure 10. Technology strategy framework (Source: Davenport et. al.,
2003).

The fourth study, that was selected to be presented in our study, was
by Kostoff and Schaller (2001). They grouped the applications of
roadmaps as “a-) science/research roadmaps”, “b-) cross-industry
roadmaps”, “c-) industry roadmaps”, “d-) technology roadmaps”,
“e-) product roadmaps”, “f-) product-technology roadmaps”, “g-)
project/issue roadmaps”. They provied an example as shown

below (see Figure 11).

In the literature review, it has been understood that this subject is in
a wide range point of view in interest of researchers.

Many researchers have been studying and investigating
and proposing models in this subject, however as far as the
investigation of the literature review, it has been understood that
this paper is probably one of the first studies in developing solar
power generation technology transfer strategy.
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Figure. 11. Future lithography technology alternatives. (Source:
Semiconductor Industry Association, The National Technology Roadmap for
Semiconductors: Technology Needs, 1997; Kostoff and Schaller, 2001).

3. Methodology

Electirical energy generation may be characterized by huge
investments (for ex. depending on the scope of the investment),
medium risk (for ex. depending of the location and the country
status), political context (for ex. depending on the type of energy
source). Henceforth, to gather information from entities, parties
and so forth is very difficult not only because of confidentiality, but
also the ambiguity. The research method in current study should
be very easy and understandable.

At first stage of the web sites of the organisations have been
visited such as The Department of Energy (Source: Url-9, 2010),
The European Photovoltaic Industry Association (EPIA) (Source:
Url-10, 2010), The European Association for Renewable Energy
(Source: Url-11, 2010), The Solar Energy Industries Association
(Source: Url-8, 2010). Afterwards conferences that has been held
on online and life systems have been attended. The interviews
have been performed. In addition to that brainstorming sessions
have been executed. After having all data collected and analyzed,
the suggested technology strategy roadmap was drawn and a
report was written for future studies.

4. Findings Of The Study And Discussion

In energy industry such as most of the manufacturing industries,
the strategies may be group in three major folds. These can be
named as business strategy, technology strategy and electricity
generation strategy. In the business strategy axes, the past and
the present status of the entity should be presented. In addition to
that future plans should be provided within different color shames.

Diversification, organic growth, joint venturing, acquisition and
other matters should be covered and given. In the technology
strategy, the technology level and type should be presented. In
electricity generation strategy, the capabilities of the facilities, the
grid-connection properties and so forth issues should be provided.
This axis can be drawn according to the technology investigated.
The case study results is presented by Figure. 12.

The Solar power generation technology transfer strategy for Turkish
electricity generation market roadmap in the current study is
developed based on the study of Saracoglu and Gozlu (2006). The
main key points of developing solar power generation technology
transfer strategy can be given as sufficiently understanding energy,
business, electricity generation, solar power and its technology,
electricity market, competitors and customers.
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Figure. 12. Solar Power Generation Technology Transfer Strategy for Turkish
Electricity Generation Market Roadmap, adapted from and developed based
on Saracoglu and Gozlu (2006).

5. Conclusion

Nowadays, there is great tendency in demand of electricity in
all over the world. The main driver of the energy demand is the
economic growth. The main purpose of current study was to
understand, to achieve and to solve the technology transfer strategy
development problems in energy industry. In this paper, the solar
power generation technology transfer strategy development road
map has been studied in detail for Turkish electricity generation
market, which is supported by the finalized of the first stage of a
long term case study.

6. Limitations And Future Research

Some improvements that can be enhanced in the current study are
as the following:

The case study has not been finalized yet. The duration of the
case study under this subject is long term, so that the finalization
of the case study will take at least 8 years. The study should
be reorganized to support the roadmap with questionares and
interviews. A questionare survey should be conducted. Interviews
on international bases should be performed. The countries in this
interviews should be at least the given names of the countries as
the United States of America, the United Kingdom, China, France,
Brazil, Russia, Spain, India, Switzerland, Belgium, Sweden,
Norway. Henceforth, the roadmap does not represent the entire
applications in Turkey and cannot be regarded as a global or
generic roadmap.
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Summary

Nowadays, there is a growing tendency to force the electiric
energy generation firms to be more environmental friendly, more
flexible to the national grid system, more responsive to the electiric
energy market needs, more capable to adapt new systems to
rapidly changing market conditions, while maintaining low cost
of electiric energy generation systems in life cycle cost manner,
providing high quality of electiric energy supply and increasing
customer satisfaction of all customers until the final end-customer
in very competitive electiric energy markets. Any type of electricity
customer in any segment in the electiricity energy market demands
high quality supply of electiricity at reasonable prices, that has
to be generated in environmental friendly manner. One of the
competition capability factors of one industry or one country is the
cost of energy input, which directly affects the cost of products.
The importance of health, hence the importance of environment
and environmental friendly systems in any industry is very clear
and mutually agreed upon by communities. In these conditions, it
is obvious that technological advances or breakthroughs should
be effectively adopted to fulfill and to achieve so many different
objectives, which almost all of them conflict with each other. When
the electric energy generation systems are investigated in detail
in all over the world, it is observed that electric energy generation
firms have strived to implement technologies such as solar power
electric generation in an incrementaly increasing trend over the last
15 years. However, this electric generation technology is not even
in the end of introduction stage in Turkish Electricity Generation
Market. The objective of this paper is to focus on developing off grid
and on grid solar energy generation systems technology transfer
strategy roadmap for Turkish Electricity Generation Market. This
roadmap could be either applied for the goverment institutions,
which are focused on this subject or the private firms that considers
to invest in solar energy systems. The first fold of off grid and
on grid solar energy generation systems technology transfer
strategy roadmap for Turkish Electricity Generation Market is the
business strategy development. This is followed by technology
transfer strategy development. The whole model is finalized by
the operation strategy development. A case study is conducted to
gather information and support the model by help of a selected
firm in this sector. Finally, the study is finalized with a proposal
of detailed solar power technology transfer strategy roadmap in
Turkish Electricity Generation Market.
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SOLAR CELLS AND SOLAR TEXTILES TECHNOLOGY
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iTU Textile Engineering Department
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ITU Textile Engineering Department

Abstract

This study presents a review on solar textiles, solar cells and pho-
tovoltaics. Solar cells produce direct current electricity from light,
which can be used to power equipment or to recharge a battery.
Solar cells, the fundamental materials of the solar textiles are ge-
nerally based on polymer materials and can in principle offer pro-
duction in high volume at low process cost. The textiles are prefer-
red to use in this area because of their some properties such as
comfortable, functional, flexible; also they are mechanical rugged,
lightweight materials. Solar cells application in constructions inclu-
des complex shading systems and facade esthetics together with
providing energy and new experiences of urban spaces. Moreo-
ver, solar cells application in industrial design introduces disruptive
technologies into transport sector and design new generation of
consumer goods.

Recently, photovoltaics are used for solar textiles. Photovoltaics
are best known as a method for generating electric power by using
solar cells to convert energy from the sun into electricity. The pho-
tovoltaic effect refers to photons of light knocking electrons into a
higher state of energy to create electricity. The term photovoltaic
denotes the unbiased operating mode of a photodiode in which
current through the device is entirely due to the transduced light
energy. Virtually all photovoltaic devices are some type of photo-
diode. The first practical application of photovoltaics was to power
orbiting satellites and other spacecraft, but today the majority of
photovoltaic modules are used for grid connected power generati-
on. There is a market for off-grid power for remote dwellings, bo-
ats, recreational vehicles, electric cars, roadside emergency telep-
hones, remote sensing, and cathodic protection of pipelines. There
are many researches on developing photovoltaic cells in order to
get flexible photovoltaic textiles based on novel fibers that are de-
veloped with conductive properties and they are used as substrate
for the flexible photovoltaic cells, which will allow converting solar
radiation into energy.

1. Introduction
A solar cell is a device that converts the energy of sunlight di-
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Figure 1 [2]

rectly into electricity by the photovoltaic effect. Sometimes the
term solar cell is reserved for devices intended specifically to cap-
ture energy from sunlight, while the term photovoltaic cell is used
when the light source is unspecified. Assemblies of cells are used
to make solar panels, solar modules, or photovoltaic arrays. [1]

Solar energy is an enormous amount of energy that is produced by
the sun. The energy comes from within the sun itself and the sun
radiates every day. It is a free and widely available energy sour-
ce. This star looks like a big ball included of hydrogen and helium
atoms. With the process of ‘nuclear fusion’, the hydrogen atoms
combine to form helium and generate energy. All this energy does
not go to the earth. About 15 percent of the sun energy that hits
the earth is reflected back into space. Another 30 percent is used
to evaporate water, which lifted into the atmosphere, produces ra-
infall. Solar energy is also absorbed by plants, the land, and the
oceans. The rest could be used to supply our energy needs. [2]

Current solar power technology has little chance to compete with

fossil fuels or large electric grids. Today’s solar cells are simply not
efficient enough and are currently too expensive to manufacture
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for large-scale electricity generation. However, potential advance-
ments in nanotechnology may open the door to the production of
cheaper and slightly more efficient solar cells. [2]

Conventional solar cells can only achieve efficiencies around ten
percent and they are expensive to manufacture. Inefficiency is al-
most unavoidable with silicon cells. This is because the incoming
photons, or light, must have the right energy, called the band gap
energy, to knock out an electron. If the photon has less energy
than the band gap energy then it will pass through. If it has more
energy than the band gap, then that extra energy will be wasted
as heat. [2]

Photons e

CI00 Hew Bial! Warin

Figure 2 Diagram of a photovoltaic cell [3]

First of all, basic process that a normal solar cell uses should be

explained. Conventional solar cells are called photovoltaic cells.
These cells are made out of semiconducting material, usually sili-
con. When light hits the cells, they absorb energy though photons.
This absorbed energy knocks out electrons in the silicon, allowing
them to flow. By adding different impurities to the silicon such as
phosphorus or boron, an electric field can be established. This
electric field acts as a diode, because it only allows electrons to
flow in one direction. Consequently, the end result is a current of
electrons, better known to us as electricity. [3]

SOLAR WATER HEATER

Photovoltaics (PV) is the field of technology and research related
to the application of solar cells in producing electricity for practical
use. The energy generated this way is an example of solar energy  Figure 4 (5]

which also called solar power. [1]
Photovoltaic devices can be divided into three main classes: ) SDLAR EELLS
1) Bulk silicon,
2) Thin film inorganic materials,
3) Organic photovoltaics
Bulk silicon currently dominates the market but is the most expen-
sive and the least flexible of the photovoltaic technologies. [4]

PV Family Tree:

General Application Areas Of Solar

Energy [5]

1)Applications In Constructions (contributing to buil-
ding sustainability, complex shading system & facade
esthetics)

-Space Heating, Production of Hot Water and Cooling
Systems

Heating the inside of the buildings, it is called space heating. Solar  Figure 5 [5]
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energy is used to heat water and air and using this becomes too
economical for families, because water and air heating are usually
the third leading home energy expense.

Through placing the collectors to the roofs, the heating effect of
solar is utilized and with this, the water can be heated. This heated
water can supply hot water need of the house.

Besides, hot water produced by solar energy can be cooled with
addition contrivances.

-Greenhouse heating

Commercial greenhouses typically rely on the sun to supply their
lighting needs, but they are not designed to use the sun for heating.
Instead, they rely on gas or oil heaters to maintain the temperatures
necessary to grow plants in the colder months. Solar greenhouses,
however, are designed to utilize solar energy for both heating and
lighting.

Figure 6 [5]

-Lighting of Gardens and Streets

Lighting of the vehicle roads, streets and gardens is composed very
important cost. The lamps have solar battery on cast light througho-
ut the night, so streets and gardens can be lightened with no cost.

Figure 7 [5]

2) Applications In Industrial Designs

-The Traffic Lamps

For supplying the energy need of the traffic lamps, solar energy is
used. The traffic lamps which run with

solar energy are used the areas far away from the network. The so-
lar battery on the lamp gives light to the lamp. Besides, the energy
is stored in the battery for using it at night.

-House Electricity

o
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Solar panels or solar batteries placed on the house roofs produce
electricity according to their sizes. Produced

electricity is not deleterious for the environment and the panels can
work without more care.

-Cooking

There is a condensing system which is named solar oven. With this
system, sun rays are collected on the pot

and cooked.

Figure 8 [5]

-Watches and Calculators

Calculators carry small solar batteries; so calculators can be used
without changing the battery for years. Like calculators, some nu-
meric watches work with solar energy.

Figure 9 [5]

-Charging the Mobile Phones
Small solar batteries are used for charging the mobile phones.

W

Figure 10 [5]

Figure 11 [5]

-Planes
Some models of spy planes which have to be on the air very long
time, flights can be carried out with solar batteries without fuel.

-Solar Cars

Solar car is a type of an automobile which supplies most of the
working energy from

the solar energy. Because of that, exterior surface of the solar cars
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is covered with the pores that change the solar energy to the elect-
rical energy. Generally, they have accumulators for string the elect-
rical energy, so the solar cars can be used for a while when sunless

or cloudy weather conditions are occurred.

With high capacity solar pore modules, the power of 2, 25 kW can
be supplied from the area of 10 m2. Power is dependent to the effi-
ciency and area of the modules and it can change for the different

modules.

A very important sample of solar cars is produced in Istanbul Tech-
nical University which named ARIBA. ITU GAE is produced 4 diffe-
rent solar cars; ARIBA |, ARIBA I, ITURA (ARIBA Ill) AND ARIBA
IV. ITU GAE participated the World Solar Challenge which is orga-
nized in October 25-31, 2009 and won “World Solar Challenge

Best New Comer” prize in Australia.

| - e

WTHER

L g Sk LU

AL

-

Ly
Tacwl

Figure 12 [5]

satellite.

Figure 13 [5]

on the luggage such as clot-
hes, bags etc. Thus, mobile
devices like MP3 players can
stay in working order consis-
tently.

Application Areas Of
Solar Energy In Textile

Industry Figure 14 [5]

-Unnatural Satellites

Satellites which are on space for
years take the energy need from
the solar batteries. There is solar
panel produces electricity on every

- Clothes and Bags
Small solar batteries are attached

The focus of development
includes applications in por-

table electronics, smart fabrics, portable power textiles for medical
health care, sports and recreation, transportation, entertainment

and warning devices.

The main development objectives;

1) Solar energy cloth technology (including modulation techno-
logy, hybrid solar membrane, plastic solar membrane etc.)

2) Energy storage textile technology (including carbon fiber
modification, flexible fabric electric capacity technology, fabric

capacitance evaluation technology, and integration technology
for cloth and capacitor)

3) Fabric cell technology (including the application of solar cloth
and fabric capacitor to bags and tents as portable power textile
products.)

The development path is from dye sensitive solar cell, organic so-
lar cell and energy storage fabric capacitor system optimization to
hybrid, plastic solar cloth and fabric cell.

According to statistics, power plants are the main source of carbon
dioxide emissions, and their proportional contribution to total omis-
sions is continually growing, from 56.6% in 2000 to 61.85% in 2006.
The rapid growth of carbon dioxide emissions from power stations
is increasing the urgency of alternative energy development. Sony
in Japan has developed “dye sensitive solar cell”, a major breakt-
hrough that reduces production costs by almost 90% compared
with traditional solar cell. G24 Innovations in the UK established a
trial production line in 2007 for dye sensitive solar cell, expediting
organic dye solar cell commercialization. The production value for
this type of cell is forecast to reach US$ 372.3 million by 2015.
Power textile development begins with cell products and is based
on high value added cloth. The Taiwanese textile industry will gra-
dually develop solar energy photoelectric conversion and energy
storage textiles with diverse applications and high added value. [6]

Fibers And Solar Cells For Textile-Based Electrical
Energy Storage

Electrical device functionality is increasingly desirable in textile pro-
ducts, and electrical energy storage functionality in textiles would
be enabling for such products. Capacitors are especially useful
electrical energy storage devices in this regard. [6]

_ Inner conductive fiber
¥ Deelectric film / coating
T Outer conductive coating

Figure 15. lllustration of a fiber-based capacitor. Bundles of these capa-
citors could be used to fabricate textile products that would also serve to
store electrical energy. [7]
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Figure 16. lllustration of the fabrication steps that will be used to create
fiber-based solid-state capacitors. Fiber coating will be accomplished by
standard methods which are fully amenable to continuous, roll-based high
volume manufacturing. [7]
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Figure 17. Schematic drawing of a photovoltaic fiber[8]
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Figure 18. Schematic drawing of a photovoltaic fiber[8]

There are many researches on developing photovoltaic cells which
use different fibers. For instance; Dephotex performs a project and
the goal of this project is to research and develop photovoltaic cells
in order to get flexible photovoltaic textiles based on novel fibers
that are developed with conductive properties and they are used
as substrate for the flexible photovoltaic cells, which will allow con-
verting solar radiation into energy. The latest innovations on photo-
voltaic technology have allowed obtaining flexible solar cells, which
offer a wide range of possibilities, mainly in wearable applications
that need autonomous systems.. These offer a range of useful app-
lications, e.g. in a variety of consumer application sectors, including
home and architecture textiles, sports, leisure, clothing and the au-
tomotive industry. Some applications envisioned are solar tents
and parasols with the capability of energy generation. The main
technological innovation is based on the development of a wearab-
le and flexible energy source directly on textile products. Fabrics

o
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with the capability of generating clean, usable and wearable energy
thanks to their sun exposure, offer a great added value. [9]

Energy-recovery systems can use, for example, body movement or
body heat production. However, the efficiency of such systems is
still too low. Flexible solar cells, textile coils (RFID tag), or external
sources, as Bike’s dynamo, are also solutions for supplying energy
for smart clothes. [10]

Sheila Kennedy, who is now at MIT, creates designs for flexible
photovoltaic materials that may change the way buildings receive
and distribute energy. These new materials, known as solar tex-
tiles, work like the now-familiar photovoltaic cells in solar panels.
Made of semiconductor materials, they absorb sunlight and convert
it into electricity. Kennedy uses 3-D modeling software to design
with solar textiles, generating membrane-like surfaces that can be-
come energy-efficient cladding for roofs or walls. Solar textiles may
also be draped like curtains. Sheila Kennedy works for a recent
project “Soft House”. For this project, Kennedy transformed curta-
ins into the mobile, flexible energy-harvesting surfaces with integra-
ted solid-state lighting. Soft House curtains move to follow the sun
and can generate up to 16,000 watt-hours of electricity. [11]

Power Textiles Limited Company performs a project which is spe-
cifically concerned with identifying encapsulating systems for the
textile solar cells that would improve their resistance to undesirable
aging processes and atmospheric attack, whilst retaining a reaso-
nable level of flexibility. Novel approaches are used to render a
fabric electrically conducting, prior to deposition of thin nanocrystal-
line silicon films, a process which can be effected at especially low
temperatures. A layer of transparent conducting oxide is finally laid
down. External contacts have to be added, and the cells have to be
encapsulated to render them resistant to atmospheric conditions.
Numerous applications are envisaged, including electrical supply
in remote areas, for disaster relief, in tents and on roofs, and in
specialist military applications. The main findings were that certain
polymeric resins provided excellent, transparent, seals around the
printed textile samples and offered reasonable levels of flexibility
once cured. The encapsulation materials appeared not to affect the
textile substrate or the printed silicon and conducting oxide. The
encapsulated products also demonstrated improved mechanical
abrasion resistance and were largely unaffected by moisture after
several days immersion in water at room temperature. [12]

Solar power is an exhaustible new energy that is widely used in
various aspects, including TIPV (Textile Integrated Photovoltaics)
and it also plays an important role in our life. Thus, it can be found
everywhere easily. The demand for solar cells is getting more and
more because it is convenient, practical, clean and environment-
friendly. For these reasons, it is suggested to develop TIPV as soon
as possible. This study focuses on membrane textiles, as well as
textile-related products such as electronic garments, bags, cases
and luggage and the reason for this is that they can easily be in-
tegrated with solar cells for immediate effects. Making solar cells
become part of textiles is an excellent way to upgrade product func-
tions and increase value-added. However, one must focus merely
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on technology. To make products more attractive to consumers,
the idea of maintaining the ultimate function of textile products must
never be overlooked. The rise of solar power will benefit not just the
solar energy industry. Its applicable potentials cover the electronics,
telecommunications, lighting and textile industries as well. [13]

As emphasized in the article “Textiles as Substrate Electrodes for
Electrodeposited ZnO- a New Pathway to Textile-Based Photovol-
taics”, textiles as substrate electrodes for electrodeposited ZnO are
used for supplying independent energy. Metal- coated polyamide
threads, filaments and knitted fabrics were used to electrodeposit
thin porous films of ZnO as a first step towards textile- integrated
photovoltaics. The textiles are preferred to use in this area because
of their some properties such as comfortable, functional, flexible;
also they are mechanical rugged, lightweight materials. The textiles
should therefore be used as substrate for photovoltaic cells rather
than just as a mechanical support as presently. To use them as
a substrate therefore is also of interest for other niche applicati-
ons and possibly even for large scale photovoltaics. Electrodepo-
sition of semiconductor films from precursor solutions represents
the most promising approach because of good compatibility of the
processes to a low thermal stability of textiles and to the need of a
three- dimensional coating process. In this contribution, it can be
discussed the results of electrodeposition of porous ZnO films on
metal- coated polyamide fibers. The interesting role of the fibers
as microelectrodes and the relevance to control the hydrodynamic
flow will be shown. [14]

Fabric Cell Technology

Sources of energy that are available to a garment are for instance,
body heat, mechanical motion (elastic from deformation of the fab-
rics, kinetic from body motion), radiation, etc. Infineon (Lauterbach
et al., 2002) had the idea to transform the temperature difference
between the human body and environment into an electrical energy
by means of thermo generators. The prototype is a rigid, and thin
micro module that is discretely incorporated into the clothing. The
module itself is not manufactured out of textile material. However,
the line of thought is introduced. The use of solar energy for energy
supply is also thought of. At the University of California, Berkley, a
flexible solar cell is developed which can be applied to any surface
(Chapman, 2002). [10]
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Figure 19. Two kinds of smart clothes [15]
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Some plastic solar cells will be used for smart fabrics and interac-
tive textiles applications. The properties of cells that enable them
to be a great candidate for power generation in wearable form are
flexibility, ability to be printed on a variety of surfaces, availability in
multiple colors, customizable shapes and sizes, and environmental
friendly profile - non-toxic, disposable and recyclable. Its applicati-
ons are bags and backpacks, sails, tents, jackets and vests, suitca-
ses, awnings, cases and sleeves. [16]

Figure 20 [16]

Recently CIGS thin film technology has been used in the deve-
lopment of a solar-powered jacket. The detachable solar panels
consist of thin film PV CIGS placed onto a thin stainless steel
substrate. They convert energy from sunlight into a hidden bat-
tery pack, which in turn can be used to charge electronic devices.
Charging time is reported to be in two to three hours in direct sun-
light. Silicon-based thin films are also under investigation for use in
woven military uniforms and other materials. Solar cells have also
been developed using textile materials as substrates. One method
is to deposit silicon from a gaseous compound as a nanocrystaline
thin film on a woven or nonwoven textile substrate. The technique
has been used on polyester and glass textiles. Another method
is to use PV polymer fibers directly to weave or knit textile fab-
rics. One approach for this technology involves nanotechnology,
whereby a dye is injected into titanium dioxide When applied to
a flexible material, the dye absorbs energy from light; the energy
travels through the titanium dioxide and a series of electrodes, and
is converted into electrical energy. Using this approach, PV fibers
can be produced, spun, woven, or knitted, or made into non-woven
textiles. Titanium dioxide nanofibres produced by methods such as
electrospinning have also been suggested to have potential for PV
applications .Another approach involves adapting the multi-layer
thin film technology for cylindrical materials such as fibers PV fi-
bers have been produced in this method by depositing a sandwich
structure on the surface. As with thin film technology, the sandwich
structure consists of amorphous silicon, sandwiched between a top
electron-rich layer, and a bottom electron-poor layer. Photons hit-
ting the surface layer displace the electrons in the top layer, which
then flow through the middle and bottom layer and are converted to
an electrical current. [17]

Konarka Technologies has announced that it is working with the
Ecole Polytechnique Fédérale de Lausanne (EPFL) to create a
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photovoltaic fabric, which could transform textile products into no-
vel power sources. Through this joint effort, the Photovoltaic Fibers
and Textiles Based on Nanotechnology program is expected to yi-
eld the first fully integrated woven photovoltaic material. Such ma-
terial will allow for tighter integration of power generation capabili-
ties into devices, systems and structures beyond what is possible
with plastic film. “Photovoltaic textiles could positively increase the
number of applications available to solar technology by extending
integration to objects made from fabrics, such as garments, tents or
coverings,” said Daniel Patrick McGahn. [18]

Clothing that generates solar power, fabrics that beep if you risk
athletic injury and bed sheets that monitor your heartbeat and
physiological health. Welcome to the world of “intelligent polymers,”
a chemical research frontier that could revolutionize textiles. The
first prototype thus far has been the “knee sleeve,” a training de-
vice tested last year on Australian professional athletes to reduce
knee injuries. It fits over the knee like an open-ended sock. When
the fabric is stretched, indicating a harmful movement of the knee,
the altered electrical charge within the sleeve’s polymers triggers
a detachable buzzer. That tells the athlete he’s got bad habits and
risks anterior cruciate ligament (ACL) damage, according to Julie
Steele, a biomechanics researcher at the University of Wollongong,
where the device was designed. Other uses could include textiles
such as bed sheets that constantly monitor a user’s heartbeat, out-
door clothing that change insulation and waterproofing properties
in response to temperature and humidity. [19]

Results
This study presents a review on solar cells, photovoltaics and app-
lication areas of solar cells in the industry. Usage of solar cells and
photovoltaics will increase day by day and within 10 years, photo-
voltaic power will be competitive in price with traditional sources of
electricity.

In the future, continued investments in solar R&D will lead to costs
that are more competitive with fossil fuels. Smaller and cheaper
solar panels will mean all buildings and homes could be equipped
to not only produce, but also conserve, their own solar energy. Re-
searchers are working to develop technologies that may allow solar
energy to be used in an electrolysis process that separates the
hydrogen and oxygen in water so the hydrogen can be used in fuel
cells for transportation and in buildings. [20]

The Future of Photovoltaics to 2015’ Katherine Derbyshire indicates
that key bulk silicon shortage and it might provide opportunities for
thin film photovoltaics and flexible PVs in the context of the larger
PV market. The overall market for photovoltaics is dominated by
power generation, which demands the highest possible efficiency
and reliability. Power installations are permanent and gain little be-
nefit from flexibility. Flexible PVs are not as efficient as their rigid
counterparts. Consequently, bulk silicon and thin film on glass tech-
nologies are forecast to dominate the overall PV market to 2015.

PROCEEDINGS BOOK fuiue

PV growth is likely to come from the power generation sector as
bulk-silicon-based materials offer the highest solar cell efficienci-
es. However, due to high processing costs and supply shortfalls,
PV cell suppliers are racing to develop more efficient processing
techniques that could lower overall cell costs, maintain ingot purity,
and reduce the amount of silicon needed in power generation app-
lications. Because of these trade-offs, manufacturers are investing
in thin film and organic PV cells. As a result of this investment, it is
expected by 2010 liquid phase deposition methods and organic PV
will become commercially useful, and new applications will emerge
as technologies mature and efficiencies improve. [4]
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“PV URETiIM TEKNIKLERI — TEMEL BILESENLER”

Cem KAYPMAZ
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Ozet

Diinyamizin enerji ihtiyaci teknolojik gelismeler ve yasam kalitesi
lizerinde ylikselen talebe bagli olarak artma egilimi géstermektedir.
Sdrdtirtilebilirlik icin daha fazla gdvenilir, temiz ve dlstk/sifir
emisyonlu enerji kaynaklarina ihtiyacimiz bulunmaktadir.

Son on yilda yenilenebilir enerji treten sistemler konvansiyonel
enerji sistemleri ile birlesmektedir. Fosil yakit tliketimini azaltmaya
ve olusacak boslugu yenilenebilir enerji kaynaklari ile doldurmaya
ilgi duyulmaktadir. Bu yenilenebilir enerji kaynaklarinin temel
olanlarindan birisi glines enerjisidir, gtines enerjisinden elektrik
tiretimi ise Fotovoltaik (PV) sistemler ile gerceklestiriimektedir.

Piyasada birkac cesit PV teknolojisi mevcuttur. Bunlarin en yaygin
olani Kristal Silisyum temelli giines g6zelerine sahip, birinci nesil
PV lerdir. 2008 yili pazar paylarina gére bu teknolojinin Pazar pay
orani ylizde 95'in lzerindedir. Bunu takip eden teknoloji olarak
ikinci nesil PV ler, ince film teknolojisine sahip PV lerdir.

Uygulama ve dretim tekniklerine gdre her ikisinin birbirlerine gdre
avantajlari vardir. Yatirimei ve karar vericilerin tretim teknolojilerine,
kritik bilesenlere, (retim techizatina ve rakip firmalara dikkat ederek
karar almalari gerekmektedir.

PV (retim teknikleri PV teknolojisi tipine gére farklilik gdsterirler.
Kristal PV moddl dretimi blytk miktarlardaki dretimler igin
detayli bir tam otomatik Uretim hattidir. Genellikle senelik birkac
MW kapasitesindeki lretimler icin yari-otomatik (retim hatlari
kurulmaktadir. Daha blytlik (retimlerde Pazar fiyatlari s6z konusu
oldugunda tam otomatik (retim hatlarinin daha rekabetgi oldugu
goriilmektedir.

Bu makale PV LUretim teknikleri ve PV Uretiminde kullanilan
temel bilesenler hakkinda bilgi vermektedir. Ayrica, dretim hatti
dlceklerine ve uygulama alanlarina gére teknoloji ve sistem secim
parametreleri vurgulanmaktadir.

Anahtar Kelimeler: PV Uretimi, Fotovoltaik, Yenilenebilir

Giris

Bu glin piyasada bulunan giines gdzelerinin biyuk bir gogunlugu
tek-kristalli silisyum ve cok kristalli silisyum yari iletken malzemeler
ile Uretilmektedir. Uygun secilmis tabanlar lzerinde tekil ya da
bilesik yari iletken ince film malzemelerden Uretilen glines gézeleri
de pazar payini hizla artirmaktadir. Ginimuzde %95 civari bir
oranda kristal silisyum teknolojisi kullaniimaktadir [1]. Gelisen
PV gbéze Uretim teknolojilerinin izin verdidi en ince yongalarin
Uretilmesi yoénlndeki calismalar basari ile devam etmektedir.
Yongalarin Uretim slrecinde degerli olan silisyum malzemenin
bir bélimu dilimleme esnasinda kaybedilmektedir. Dilimlemeyi
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gerektirmeyecek buylUtme teknolojilerinde &nemli
devam etmektedir.

gelismeler

ince Film PV Uretimi

ince film modiiller igin géze Uretimi, uygun secilmis tekil ya da
bilesik yariiletken malzemelerin cam, seramik, paslanmaz celik,
bakir veya plastik tabanlar tizerine oldukca ince tabakalar halinde
biyatilmesi ile gergeklestiriimektedir. ince film gbze uretimi,
kristalli gbze Uretimi ile karsilastirildiginda birim ylizey alan tretimi
icin daha az malzeme ve eneriji girdisine gerek duyar. Dolayisi ile
birim alan Gretim maliyetleri cok daha distktir. Ancak daha dusik
“garanti edilebilen verim duizeyi” ve pazarda denenmislik slresinin
cok kisa olmasi ince film teknolojilerine dayali tretim ve buna bagli
teknoloji gelisimini yavaslatmaktadir. Son yillarda PV modiile olan
talebin kristalli malzemeyle karsilanmasinda ortay ¢ikan darbogaz
bircok yeni ve eski PV firmasini ince film Uretimi alaninda yatirimlar
yapmaya zorlamaktadir. Artan Uretim kapasitesinin  Uretim
maliyetlerini hizla dusirmesi beklenmektedir [2,3].

Cesitli gelismeler ince film teknolojilerinin kristal silikon ile glglu bir
sekilde rekabet edeceginin belirtilerini vermektedir. Burada Uretim
bakimindan temelde G¢ noktaya dikkat cekilmelidir:

D ince film PV géreceli olarak cok bilyiik alanlara kaplanarak elde
edilir, blylk yuzeylerde uretilebilirlik maliyet dlsuslerinin birinci
nedenidir,

D ince film PV géreceli olarak cok diisiik miktarda malzeme
kullanir,

D ince film PV kristal silikon teknolojilerinin aksine polisilikon
hammaddesine bagimh degildir.

Ticari olarak pazarda bulunan ince film teknolojileri pazar paylarini
her gecen giin artirmaktadir. Uretim ve (retilebilirlik ile ilgili bu
milahazalara ek olarak ince film teknolojilerinin bazi ayirdedici
Ozellikleri Ustunlik saglar, bunlar temelde asagidaki gibidir:

Kristal silikon PV’nin GOrin sunamayacagdl nis alanlar ince
filmlerin gelisme vyerleridir, bunlardan en &nemlisi esnek
altliklara kaplanma yetenegidir, bu altlik polimer ya da metal
folyo olabilir.

Goérunim ve 1sik gegcirgenlikleri ve mimari eleman olarak
kullanima elveriglilik bakimlarindan ince filmler bulyuk
UstUnltklere sahiptir.

Glnumuzde, ince film Uretimindeki artislar dinya Uretiminin
hizli artisini dengeleyebilecek buyuklukte degildir. Dolayisiyla
PV sektérinin hizh buylmesinin énundeki en 6nemli engel
gerekli hammadde tedarik kapasitesinin yeterince hizli devreye
giremeyecek olusu olarak gériinmektedir [4].
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Kristal Silisyum PV Uretimi

Bir glines gdzesinin temeli yariiletken diyot olup, tek bir diyottan
alinabilecek acik devre voltaji ve yik akimi genel uygulamalar
icin, guc olarak yetersiz kalmaktadir. Bu sebebepten dolayi,
istenilen glc degerlerine (gerilim, akim) ulasabilmek icin, yeterli
sayida glines gdzesi birbirine seri ve paralel baglanarak moddller
Uretilmektedir. Moddl Gretimi sirasinda, gézeleri cevresel etkilerden
korumak icin, 6n ylzeye optiksel gegirgenligi yuksek bir malzeme
(cam ya da plastik), arka ylizeye de genellikle EVA ( Etilen Vinil
Asetat) kullanilimaktadir. Bu isleme laminasyon denmektedir.
Lamine edilmis tabakalar genellikle aliminyumdan yapilan bir
metal cerceve ile mekanik olarak guclendirilir. Bdylece glnes
gobzeleri saglam ve su gegirmez bir yapiya kavusturulmus olur. PV
moddller icin genellikle STC’de anma gl¢ degerlerinin 20-25 yil
sonra baslangi¢c degerinin %80’inin altina dismeyecegini garantisi
verilmektedir.

Kristal silisyum fotovoltaik modul Uretimi, maddeler halinde
aciklanmistir. Sekil 1°de bir kristalli silisyum gines modulunin
yapisi gorulmektedir. Sekil Gzerinde acgiklanan pargalarin montaji
icin gereken ekipmanlar Gretim hattini olusturmaktadir [4,5].
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Sekil 1. Kristalli silisyum glines moduliiniin yapisi

Goze Verimliliklerinin Degerlendirilmesi ve
Gruplanmasi

Modul Gretiminde gézelerden en yuksek verimi elde edebilmek igin
ayni 6zellikte gbzeler bir araya getiriimelidir. Fakat yapilar geregi
gunes gozelerinin tim( ayni 6zellikte olmamaktadir. Bu nedenle
modul Uretimine baglanmadan &nce kullanilacak gozeler test
edilmeli ve ayni 6zellikteki gézeler gruplanmalidir. Bu gruplama
islemi icin bir glines simulasyonu cihazi gerekmektedir. Glnes

Sekil 2. Otomatik géze tutma sistemi- her bir géze AM1.5 Giines Similasyonu
altina elektriksel 6lctim igin yerlestirilir.
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Sekil 3. Performansa gére ayrilan gbzeler siniflandirilarak géze kasetlerine
yerlestirilir.

simulasyonu altinda gdzelerin akim-gerilim egrisi belirlenerek, agik
devre voltaji (Voc), kisa devre akimi (Isc), dolum faktérd, (FF), en
yiiksek glic noktasi (MPP) ve verimi (n) tespit edilir. Gdzelerin test
sistemine yerlestiriimesi ve kaldiriimasi elle veya otomatik olarak
yapilabilir. Elle calisma calisilan malzemenin hassasiyeti ve tretimi
yavaglatmasi sebebiyle 6neriimemektedir. Sekil 2’de otomatik
gbze tutma sistemi, Sekil 3’te gruplandirma cihazi gésterilmistir.

Camlarin Temizlenmesi ve Kurutulmasi

Modul icin kullanilacak camlarin temizlenmesi, gecirgenlik en yiksek
seviyede olmasi gerektiginden cok 6nemlidir. Camin goze tarafi
modul tamamlandiktan sonra temizlenemediginden cam Uzerinde
kalacak kirler suirekli verim kaybina neden olacaktir. Cam yikama elle
yapilabilecegigibiotomatikmakineleraracihigiyladayapilabilmektedir.
Elle yikama gergek anlamda temizlik saglayamadigi icin tavsiye
edilmemektedir. Modern yikama makineleri, kapali devre deterjanli
suda fircalar yardimi ile cam ylizeyleri yag gibi malzemelerden
arindinr ardindan lastik uclu silicilerle temizler. Yikama isleminden
sonra iki asamali temiz su ile durulular. (firgalar ve lastik uclu siliciler
kullanimi ile). Durulama da tamamlandiktan sonra yiksek basingli
Ufleyici ve hava bicaklari yardimi ile kurutur.

Thermoplastik Film, Eva Polimerinin Hazirlanmasi
Gozeler cam ve arka 6rtli arasina EVA adi verilen (ethylene vinyl
acetate) bir malzeme ile kaplanarak yerlestirilir. Bu kaplama islemi
otomatik makineler araciligiyla gerceklestirilir. Bu islem icin 6nce
EVA cam Uzerine uygun boyutta kesilir. EVA, cam, gbze ve arka
ortl yerlesimi Sekil 4’te gorilmektedir.

B el

=T EVA

‘ E—— Goze dizisi

by | D& Glas (EVA)

e Arka Ortl (Tedtar)

Sekil 4. EVA, cam, géze ve arka 6rti yerlesimi

51




. BILDIRILER KIiTABI
7}'%  “PROCEEDINGS BOOK

Goze Dizilerinin Olusturulmasi

Gozeler dizi seklinde birbirlerine ile metal seritler araciligiyla
birlestirilirler. Metal seritler gbzelere lehimlenerek goze dizilerini
olustururlar. Bu islem elle de gerceklestirilebilmektedir. Fakat
gbze yerlesimindeki duzensizlikler ve lehim hatalari tim modulin
kalitesini ve verimini etkiledigi icin elle birlestirme tavsiye
edilmemektedir. Sekil 5te dizi olusturma, Sekil 6’ da serit
lehimleme cihazi gdsterilmistir.

Sekil 6. Gozelerin metal seritler lehimlenerek birlestiriimesi

Dizilerin Cam ve EVA Uzerine Yerlestirilmesi

Onceki agsamalarda hazirlanmig olan EVA kaplanmig cam Gzerine
g6ze dizileri yerlestirilir. Yerlestirme islemi elle de yapilabilmektedir.
Fakat yerlestirme sirasinda gdzelerin zarar gérme ihtimali,
yerlesimdeki duzensizligin verimi etkilemesi, yerlesim sirasinda
diziler arasinda kalan gereksiz boslugun modil alanini biyutmesi
gibi sebeplerden 6turll tavsiye edilmemektedir. Sekil 7° de goze
dizisi yerlestirme cihazi gésterilmistir.

Goze dizileri istenen gli¢ ve gerilime gore seri ve/veya paralel olarak
akim tasiyici seritlerle birlestirilirler. Birlestirmeden sonra kullanici
uclari modul digina tasiyan uglar eklenir. Bu islem sonucunda
modul tasarlanan elektriksel semasinin son adimina ulagmistir.
Elektriksel olarak son haline gelen modil elektriksel baglantilari
gorsel olarak kontrol edilir. Baglantilarda gérsel olarak bir hata tespit
edilemezse karanlik | — V egrisi élcimleri yapilir. Gérsel muayene
ve karanlik | =V élgumleri i¢in aydinlatma, blyutme saglayan ¢zel
test masalari Uretilmektedir. EVA kaplanmis cam, gdéze dizisi,
gdzenin arkasindaki EVA ve arkadaki kaplama tabakasi (tedlar) bir
araya getirilerek laminasyona hazir hale getirilir.

52

Sekil 7. Goze dizilerinin EVA kaplanmig cam (izerine yerlesimi

Laminasyon

Bu asamada bir araya getirilmis tabakalarin isil iglem ile birbirine
baglanmasi islemi yapilir. Uretiimek istenen modiil boyutuna gére
farkli buyUklUklerde laminasyon makineleri Uretilmektedir. Blyuk
boy laminasyon makineleri tercih edilerek bir seferde birden fazla
modil lamine edilebilmektedir. Laminasyon islemi modiil Gretim
bandinin darbogazlarindan biridir. Diger asamalara gére daha
yavas gerceklesmektedir. Sekil 8 ve 9 da 2 farkli laminasyon
makinesi géralmektedir.

Sekil 9. Otomatik laminasyon makinesi

Montajin Tamamlanmasi

Montajin tamamlanmasi i¢cin 3 asamaya daha ihtiyac vardir:

D Laminasyon kalitilarinin temizlenmesi: Laminasyondan sonra
moddulin kenarlarindan tasan fazlaliklarin kesilmesi iglemidir.
Otomatik makinelerle veya elle yapilabilmektedir. Sekil 10°'da
6rnek bir otomatik kenar kesme makinesi gorilmektedir.
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Sekil 10. Otomatik kenar kesme makinesi

D Kenar contasini ve modil ¢ercevesinin takilmasi: kenar
fazlaliklari kesilen modulin kullanilabilmesi icin conta ve
cercevesinin olmasi gerekmektedir. Conta ve cerceve takma
islemi otomatik makinelerle veya elle yapilabilmektedir. Moddl
uzun slre dis ortamda kalacagi i¢in conta ve gerceve montaji
buylk 6nem tasimaktadir. Sekil 11°de ¢ergeve ve conta montaj
makinasi gosterilmeketedir.

Sekil 11. Cergeve ve conta montaj makinesi

D Baglanti kutusunun takilmasi: conta ve ¢ercevesi takilan modile
baglanti klemenslerinin ve diyotlarin bulundugu kutu monte
edilmelidir. $ekil 12’de otomatik baglanti kutusu makinesi
gosterilmektedir.

&

Sekil 12. Otomatik baglanti kutusu takma makinesi
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Testler

Modulun géze devresiile cerceve arasinda yiksek gerilim izolasyon
testinin yapilmasi, moddllerin dizi halinde baglandigi zaman
olusabilecek yuksek gerilimden dolayi kullanicinin zarar gérmesini
dnlemek acisindan énemlidir. izolasyon testine ek olarak cerceve
topragi surekliligi de kontrol edilir. Sekil 13’te izolasyon test cihazi
gosterilmektedir.

Sekil 13.YUlksek gerilim izolasyon test cihazi

Modil performansi ise “Glines Simdilatoéri” cihazinda, AM 1.5
standardinda akim-gerilim egrileri &lctlerek belirlenir Glines
simulatéri cihazlarn genellikler puls Xenon lambalarla calisirlar.
Simulatér (Sekil 14) altinda moduliin acik devre voltaji, kisa
devre akimi, tepe guicl, tepe guicindeki akim ve gerilim, géze ve
modul verimi, dolum faktérl, seri direnc degeri ve modul sicakhgi
Olcllur. Test sonuglarinda hata ¢cikmayan moduller gérsel test ve
paketlenme sonrasinda satisa hazir olacaktir.

Sekil 14. Gunes Similatori

Sonug

Gulnumuzde yenilenebilir eneriji ihtiyaci ve kullanimi her gegen giin
artmaktadir. Bu egilim ve teknolojinin gelisimi ile birlikte Fotovoltaik
Uretimine talepte artmaktadir. Rekabetci sartlarda teknik ve
ekonomik olarak tercih edilebilir Grinlerin ortaya cikartiimasi
temel hedeftir. Bu noktada Uretim hatlarinin kapasitelerinin
belirlenmesi, teknolojisinin secilmesi ile birlikte tedarik yonetimi
kritikligini artirmaktadir. Bu calismada genel hatlari ile bir Gretim
hattinda olmasi gereken bilesenlere yer veriimis ekipmanlar
kisaca aciklanmistir. Temel bilesenlere yer verildigi gibi, teknoloji
ve kapasite farkhliklar, yatinm bltcesini ve cihaz altyapisini
degismektedir.
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“PV Production Techniqus - Main Components”

The energy need of our world shows positive trend to the technologic
developments and increasing demand on quality of our lives. We
need more clean, reliable and low/zero emission energy supplies
for sustainability.

Over last decades renewable energy supply systems merged
with the conventional energy systems. There is a great interest
on reducing fossil fuel consumption and fill the lack by renewable
energy sources. One of the main renewable energy sources is the
solar energy, Photovoltaics (PV) as electrical energy production.

There are few types of PV technologies on the market. Most
common one is the Crystalline Silicon Solar Cells, the first
generation PVs. Market ratio of this technology is more than 95%
according to 2008 market share values. Following one is the thin
film technologies the second generation PV’s. According to the
application and production techniques, both have advantages to
each other. The investors and the decision holders should pay
great attention for production technologies, critical component or
production equipments also other competitors.

PV production techniques show difference according to the PV
technology type. Crystalline PV module production is a detailed
robotic production line for large amount of productions. Generally
Semi-automatic production lines are erected for few MWs of yearly
production. Going larger, fully automated production lines are more
competitive when we are talking about market prices.

This paper aims to give information about PV production techniques
and main components used for PV production. It also highlights
the technology and system selection parameters according to the

production line scales and application areas.

Keywords: PV Production, Photovoltaics, Renewable
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INNOVATIVE DESIGN FOR BIOCLIMATIC HOUSING

David Johnston
President

What’s Working
Boulder, Colorado, USA

Abstract

Over the last decade green homes have become the dominant
driving force in new American Housing. Today with the American
economy in deep recession and housing starts at an all time
low, energy price uncertainty is driving American homeowners
to investigate zero energy homes as a way to hedge against
rising fossil fuel costs. Over the last 2 years both the Canadian
government and the US government have sponsored zero energy
home research. David Johnston wrote a new book, Getting to Zero
Energy Homes to be published in 4/10. The talk will describe findings
in the research and construction of zero energy home construction
in a variety of North American climates. Based on the Passiv Haus
principles developed in Germany, many near zero energy homes
have optimized envelope design strategies and incorporated a
variety of renewable energy strategies to reach near zero energy
performance. Case studies will be featured to exemplify the variety
of strategies used. New international research and technology
transfer programs will be identified to draw a roadmap into the
future of bioclimatic housing. Lessons from these programs will be
applied to housing in Turkey.
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GUNES ELEKTRIiGi SISTEMLERINDE TURKIYE iCiN ONCELIKLER

Deniz Selkan POLATKAN
Motif Proje / Fotoelektron

Ozet

Sinirsiz enerji ve hayat kaynagimiz giines, gelecegimizi kurtarmak
icin yine isbasinda. Temiz, sessiz, strddrdlebilir, cagcil ve tek-
nolojik dzelligi ile artik, glines 1s1gini, elektrik enerjisine cevirmek
ve kullanmak mimkdn. Bu blylk potansiyel Turkiyemiz igin
bambagka firsatlar ve tehditler olusturmakta. Ulkemizde hentiz
baslamamis olan bu sektdrt, dogru tanimlamak ve dogru bigcimde,
dogru yerden baslatmak temel hedefimiz ve énceligimizdir.

Glnes enerjisi disindaki tim enerji kaynaklari cografya’ya ve
fiziksel mekan’a bagimlidir. Hayatin ve varolusun temel kaynagi
niteligindeki gtines 1s1g1 ise, stratejik ve jeopolitik olarak bagimsiz,
temiz ve sdrddrdlebilir olan tek tir enerji kaynagidir.

Bu agidan tilkemizin enerji bagiml mevcut yapisi distindldigiinde,
lizerinde hassasiyetle durulmasi gereken, umut kaynaklarinin
basinda gelmektedir.

1. iginde Bulundugumuz Diizen ve Degisimin Sinyalleri
Glnumuzde ihtiyag duyulan enerjinin buylk bir cogunlugu fosil
ve nlkleer yakitlardan elde edilmektedir. Bu yakitlarin gerek
cevreye verdikleri zararlar ve gerekse birikimlerinin sinirli olusu,
alternatif enerji kaynaklari arayisina sebep olmustur. Cevrenin
korunmasi, gelecekte insan yasami ve cevre dengeleri lizerinde
olusabilecek tehditlerin énlenmesi, ulusal kaynaklardan en ust
duzeyde yararlanilarak Ulkelerin enerji kaynaklari arz glivenliginin
saglanmasi, alternatif enerji kaynaklarinin gelistirimesini ve
kullanilimasini gerekli hale getirmektedir. Bdylece, enerjinin
karsilanma ihtiyacina bagli olarak glnes, rizgar, jeotermal,
biokdtle, hidrojen gibi alternatif enerji kaynaklari Gzerine arastirma
gelistirme calismalari yogunlagmistir.

Bu gercegin paralelinde glinimizde ortaya ‘yeni enerji duzeni’
adi altinda bir séylem atilmistir. Yeni enerji dizeni nedir ? Turkiye
enerjide bir transit yol olarak mi kalacaktir, bdyle bir konum hangi
bedel ve kazanimlara sebep olacaktir ? Bu baglamda, yeni enerji
dizeninde fosil yakitlarin, yenilenebilir kaynaklarin ve nukleer
enerjinin rolind, klresel enerji siyasetinde Turkiye’nin nasil bir
konjonktirde yer aldigini, hangi aktorlerin bolgesel ve kiresel
dlzeylerde yukselerek alternatif gucler haline gelecegine ele
almak gerekecektir.

Alternatif enerji kaynaklarindan glines enerjisi, sonsuz ve yaygin bir
kaynak olmasi,dogrudan elektrik enerjisine dénusturilebilmesi gibi
avantajlar sebebiyle hizla yayginlasmaktadir. Bu sebeple glines
elektriginin, Turkiye'nin enerji cesitliligi, tedarigi ve bagimsizligi
yolundaki énemi, yeri Gzerinde 6nemle durulmalidir.

Gunes enerji kaynagi, yerel yonetimlere, yerellesme girisimlerine ve
enerji bagimsizligi cabalarina firsatlar sunmaktadir. Bu firsatlarin
arka planinda ise, surdurtlebilirlik, cevre koruma, enerjide arz

56

guvenligi ve enerji bagimsizligi gibi cok daha saglam temeller
Gizerine oturmustur.

Glnes enerjisinden elektrik elde edilmesinde en yaygin teknoloji
olan fotovoltaik teknolojisi, diinya 6lceginde buylk bir hizla blylyen
bir pazar hacmine sahiptir.

Farkli teknolojileri iceren fotovoltaikler, piyasada hakim fosil
enerji teknolojileri ile rekabet edebilmeleri igcin devletler tarafindan
desteklenmektedirler. Bu destekler gelismis Ulkelerde 6nce
teknoloji gelistirme ve Arge destekleri seklinde baslamis (1970’ler),
kicuk olcekli sistemlere talebin uyariimasi icin ¢ati programlari
ile devam etmis 1990’larin ortalarindan itibaren Almanya’dan
baglayarak talep esasl sebeke beslemeye tegvik diizenlemeleri
gelmistir. Turkiye’de o6ncelikli olarak atiimasi gereken 2 adim
atilmadan 2009’lara gelinmis ve AB adayliginin da baskisi ile
yenilenebilir enerji kaynaklari ile ilgili cesitli destek dizenlemeleri
glndeme gelmeye baslamistir.

2. Baslangic Noktamiz

Modernizmin beraberinde getirdigi sanayi devrimi insanogluna
bagimsizlik, o6zgurlesme ve refah vyolunda 6nemli vaatler
iceriyordu. David Harvey'in postmodernligin durumu eserinde
degindigi gibi, bu vaatler, ancak ve ancak cevrenin fethedilmesi
ile gerceklesecekti. Buhar makinesi ve fosil yakitlara dayal
sanayilesme ve enerji tedarigi sureci, 1.ve 2. dinya savaslarina
sebep olmus, 1970’lerdeki ilk petrol krizine kadar da etkinligini
ve vazgecilmezIligini strdirmisti. 1970’lerde bu slrecin saglkh
olmadigi ve surdurilemeyecegi gercegi anlasiimaya baslandi.

Aslinda ilk sinyaller, Sanayi devrimi paralelinde, Rachel Carson gibi
ekologlar, Roma kullibu gibi sivil toplum érgdtleri, Ciam hareketi
benzeri meslek birlikleri tepkileri esliginde 1970’ler 6ncesinde
tartisiimaya baslanmistt ancak Stockholm gibi uluslararasi
toplantilar ve Ortak Gelecegimiz gibi raporlar paralelinde 1970’lerin
basinda cok ciddi silkelenmeler basladi. Enerji kaynaklarina
bagimlilik tartismalari ve sorunsuz, sinirsiz ve givenilir enerji
kaynaklari da iste tam bu dénemde sorgulanmaya baslandi ve
bu dogrultuda ele alinan Glines Enerjisi en buylk umut kaynagi
olarak tanimlaniyordu.

Gulnumuze gelindiginde ise, Enerji, cevre, ekonomi ve politika, i¢
ice girmis 6nemli konulardan bazilaridir. Bu ylzden her biri digeri
ile adeta 6zdeslesmistir.

Surdurilebilir kalkinma kavraminin yapitaglarini olusturan bu
konular, giinbegin fosil yakit bagimlisi haline déntsen bir Turkiye
icin, enerji arz guvenligi baglaminda ¢ok 6nemli hale gelmektedir.
Turkiye’nin enerjide, gitgide artan disa bagimliigindan dolayi,
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uzun vadede, 6zellikle gelecek nesiller icin, ciddi enerji, cevre ve
ekonomi krizlerine gebe bir Ulke haline dénlisme potansiyeli hizla
yUkselmektedir. Bu durum beraberinde ekonomik krizleri, enerji
darbogazlarini ve cevresel yikimlar getirebilecektir.

Guvenlik kavrami, ister geleneksel, ister cevresel, isterse eneriji
guvenligini tanimlasin, genelde bir Ulkenin varligini saghkli
bir sekilde devam ettirebilmesi icin gerekli olan ve ulusal glg¢
Ogelerinin, ulusal politika ve stratejiler cercevesinde kullaniimasini
6ngéren bir kavramdir.

Ulusal guc¢ 6gesi onceleri yalniz savunma ve askeri anlamda
algilansa da gunimizde ekonomik gu¢, sosyal gl¢, gelisme glcu,
enerji guict ve sahip olunan gevresel kaynaklar da ulusal glic 6geleri
arasinda anilmaya baglanmis ve birbirleri arasindaki etkilesim
nedeniyle givenlik kavrami, bitlin bu 6geleri kapsayacak sekilde
genisletiimistir. Ne var ki, glvenligin yalniz ulusal sinirlar icinde
saglanamayacagi, alinacak énlemlerin ve yapilacak eylemlerin,
o Ulkenin jeopolitik konumu ve ekonomik glict ile orantili olarak
boélgesel, kimi zaman da kuresel dicekte ele alinmasi gerektigi de
bilinen bir gercektir.

3. Onceliklerimiz

Enerjinin ginlik yasantimiz icindeki yeri, Uretim sureclerine katkisi,
tartisma gotiurmez bir gerekliliktir. bu gereklilikten dolayi, enerii
guvenligi kavrami beraberinde bir dizi kriteri gerekli kilar.

D Enerji elde edilecek kaynaklarin ulasilabilirliginin kolay olmasi ve
sUrekliliginin saglanmasi,

D Yenilenemeyen kaynaklardan ¢ok yenilenebilir kaynaklara
ybénelinmesi,
D Tek tir kaynaga bagimli kalinmamasi ve kaynaklarin

cesitlendiriimesi,

Disa bagimli kaynaklar yerine yerli kaynaklara agirlik verilmesi,
Yalniz kaynaklarda degil, yapilacak enerji yatinnmlarinda da disa
bagimli olunmamasi,

D Herhangi bir nedenden dogabilecek uretim ve iletim aksamasina
kargi ivedi o6nlemlerin alinmasi ve yo6netim stratejilerinin
belirlenmesi,

Enerji Uretiminde ve iletiminde verimliligin esas alinmasi,
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Enerji tuketiminde tasarruf modellerinin ve teknolojilerinin adapte

edilmesi,

Enerji Gretiminde cevresel kaynaklar kullanilirken bu kaynaklarin

kendilerini yenileme hizlarinin da degerlendirmelere katilmasi,

D Gerek kaynak cesidinin, gerek enerji Uretim modelinin ¢evreye
zarar vermeyecek bicimde secilmesi,

D Enerjinin Uretilmesi sirasinda, sonrasinda, depolanmasinda ve

iletiminde cevresel etkilerin dikkate alinmasi,

Enerji elde edilmesini artirirken, belli bir bdlgede yasayan

canlilarin yasamsal niteliklerini kalitelerini degistirmemeye, bu

baglamda cevresel guvenligi tehdit etmemeye 6nem verilmesi,

Sdurdurulebilirlik kavraminin gerekleri dogrultusunda politikalar

olusturulmasi,

Kuresel ¢cevre sorunlarinin ve politikalarinin énemsenmesi

Yenilenebilir enerji kaynaklari bu kriterlerin  ¢ogunun igini
doldurabilmektedir. Uluslar arasi enerji Ajansi tanimina gore,
yenilenebilir enerji, surekli olarak tekrarlanan dogal sreclerin
GrinGdur. Bu enerji kaynaklari, cok farkl sekillerde bulunabilir,
dogrudan veya dolayli bir sekilde, glinesten veya yer kabugunun
derinliklerinden cikarilan isidan elde edilir. Gunes, rizgar,
biyokutle, biyoyakitlar, jeotermal, hidrolik gu¢, okyanus kaynaklari
ve hidrojen enerjisi olarak tanimlanabilir.

Cok eski caglardan beri bu kaynaklardan su pompalanmasinda,
tahillarin 6gutilmesinde, kurutmada, isitmada ve yelkenli gemilerde
faydalaniimaktadir.

Buharli makinelerin kesfi ile baslayan sanayilesme, yenilenebilir
enerji kaynaklarinin kullanimini azaltmistir. Petrol ve kémur
egemenligine dayanan enerji ¢cagi son iki ylzyil boyunca devam
etmis ve 1973'deki petrol krizi, ilk kez enerji kaynaklari konusunda
bir glivensizlik endisesini ortaya ¢ikarmigtir. Bu guvensizlik batin
dinyada yenilenebilir enerji kaynaklarina karsi ilginin yeniden
uyanmasina neden yeniden azalmis, ancak enerji glivenligi kavrami
kalicihgini korumustur. 2.000’li yillarin ardindan ise kaginilimaz
olan problemli senaryo yeniden belirmis ve bu sefer yenilenebilir
enerjiler kalici sekilde glindeme gelmistir.

Ote yandan, 1990'1i yillarda daha da giiglenen gevre bilinci, fosil
kaynaklara dayali enerji Uretim ve tlketiminin yerel, bélgesel
ve kiresel seviyede cevreyi tahrip ettiginin ve dogal kaynaklari
olumsuz etkilediginin daha da acik bir sekilde anlasiimasini
saglamistir.

1970’li yillarin ve Stockholm konferansinin ardindan, 1980’li
yillarin sonlarindan baglayarak insanin iklim sistemi Uzerindeki
olumsuz etki ve baskisini azaltabilmek amaciyla Birlesmis
Milletlerin - 6nculiginde hazirlanan ‘iklim degisikligi Cerceve
s6zlesmesi’ 1992 yilinda Rio’da diizenlenen Cevre ve Kalkinma
konferansinda Ulkelerin imzasina agilmis, bu sbézlesme ile
gelismis Ulkelere, 2000’li yillarda sera gazi emisyonlarini 1990 yili
dizeylerine indirme yukimltlagl getirilmisti. 1997’de Kyoto’da
yapilan taraflar konferansinda hazirlanan Kyoto protokolu ile de,
imza sahibi Ulkelere 2008-2012 yillarn arasinda dénem ici sera
gazi salinimlarini 1990 yili seviyelerine gére en az %5 azaltma
yukimlaluga getirilmistir.

Butin bu gelismeler, hemen hemen her Ulkede oldugu gibi,

Turkiye’de de, yenilenebilir enerji kaynaklarinin 6nemini arttirmistir.
(16)
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4. Sonug

1. Enerji tedarikinde ve enerji kaynaklarinda kullanilagelen sonlu
ve cevresel olarak tehditkar yéntemler, basta fosil yakitlar
tuketiminde ve nlkleer enerji 6rneginde oldugu Gizere, sonsuz ve
sinirsiz olmadiklari, Gstline Ustlik cevre, ekoloji ve insan yasami
Uzerinde, geri donllmez degisimlere yol actiklari anlasilinca,
alternatif olarak giindeme gelen yenilenebilir enerjiler icinde
glines enerjisinin sinirsiz glict, ekonomik, sosyal, toplumsal ve
siyasi dengeleri degistirebilecek gulctedir.

2. Enerji politikalari olusturulurken bu politikalarin surduralebilir
olmasi, gelecek kusaklarin enerji gereksinimlerini karsilamalar
adina énem tasimaktadir. Enerji politikalarinin surdurdlebilirligi
icin enerji arzinin slrdirdlebilirligi esastir. Fosil yakitlar gibi
yenilenemeyen ya da yenilenmesi uzun slreler gerektiren
kaynaklara oncelik veren bir enerji politikasi strdirilebilir
olmaktan uzaktir. Buna karsin yenilenebilir, alternatif eneriji
kaynaklari ve bu kaynaklara yapilan yatirimlar, son dénemde
kiresel enerji arzina cevap verebilecek projeler hale
gelmektedir.

3. Varolan haliyle yalniz “arz glvenligi” bi¢ciminde algilanan
enerji guvenligi kavrami, cevresel guvenligi icerecek sekilde
genisletiimedigi slrece sirdurllebilirligi saglamaktan uzak
olacaktir. Turkiye enerji glvenligini glvence altina alacak
politikalar Uretip uygulamadikga, ulusal kalkinma politikalarinda
basarisiz olacak, uluslararasi iliskilerinde de bagimli ve gtidimld
konumda kalacaktir.

Birlesmis Milletler (BM) iklim Degisikligi Cerceve Sozlesmesi
(IDCS)'ne 2004'te taraf olan Tiirkiye’nin, Avrupa Birligi (AB)'ne uyum
slirecinde Kyoto Protokoli'ne de taraf olmustur. Emisyonlarina
iliskin kesin verileri olmayan, enerji, sanayi, ulasim, tarim ve atik
ybnetiminde belirsiz politikalar ile Turkiye’nin nasil bir taahhltte
bulunacagi 6nem tasimaktadir.

Yoénetimde bulunan hikimetin yapacagi her yanlis hamle yalniz
kendini ve kendinden sonra gelecek hikimeti degil, Ulkenin
yazgisini baglayacaktir. Enerji politikasini kémir ve dogalgaz basta
olmak Uzere fosil kaynakl enerji cevrimlerine yonelten Turkiye,
sera gazi salimlarini azaltmak bir yana hizla artiracaktir. Nitekim
2008 yilinda sera gazi emisyon artisi hizinda Turkiye Ust siralarda
yer almistir. TUrkiye’'nin Kyoto Protokol(’ne taraf olmasiyla, sattig
bedelin daha fazlasini karbon kotasi uygulamasi nedeniyle bu
Ulkelere geri 6deyecektir.

Turkiye’nin butlinlesik uzun dénemli hedeflerini iceren enerji
politikalarinin olmadigi bilinmektedir. Var olan politikalar ise, hem
ekonomik, hem enerji gtivenligi hem de gevresel strdurdlebilirlik
acisindan tehdit olusturmaktadir.

Ulke ekonomilerinin ve gelismelerinin siiriikleyici 6gesi olan eneri,
gunimuzde giderek politika ile 6zdeslesmektedir. Enerji politikalar
olusturulurken, enerji gereksinmesini karsilayabilmek icin ortaya
konulan cabalarin, her seyden once bilin¢li ve yéntemli olmasi
gerekmektedir. Dolayisiyla, bugline kadar izlenen ve

izlenmekte olan yollarin, bu kriterlere uyup uymadigi ve
Turkiye’nin ulusal cikarlarina ne 6lgide hizmet ettigi mutlaka
degerlendirilmelidir.

Ote yandan, enerji politikalar, giivenligi ve sirdirilebilirligi

arasinda karsilikl bir etkilesim séz konusudur. Enerji politikalarinin
olusturulmasi ve uygulanmasi sirasinda surdardlebilir olmalar
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kadar enerji glivenligini saglamalari da dnemlidir.

Benzer sekilde enerjinin glvenligi saglanirken de secilen ve
uygulanan ydéntemlerin sirddrdlebilir olmasi gerekmektedir.
Ancak, enerji glvenligi kavrami, cevresel guvenligi icerecek
sekilde genisletiimedigi slrece enerji politikalari strddrulebilirligi
saglamaktan uzak olacaklardir. Bu sorunsalin giderimi, kavramlarin
tek tek degil, butlinlesik olarak ele ainmalariyla saglanabilir.

Cevre hakki, kiresellesme, surdurilebilir cevre ve strdurilebilir
kalkinma, gibi kavramlar enerji alaninda Turkiye Uzerinde her
gecen gun daha fazla tehdit ve firsat olusturmaktadir. Bu gergekten
yola cikilarak varolan ve hedeflenen enerji politikalarinda ¢evresel
guvenlik ve enerji glivenligini cercevesinde Turkiye icin
surdirdlebilir - enerji  politikalarinin - neler  olabilecegi
konmalidir.

ortaya

Gunes enerji kaynagt, enerji kartellerine, mevcut ekonomik dlizene,
tehdit olustururken, yerel ydnetimlere, yerellesme girisimlerine ve
enerji bagimsizligr ¢abalarina firsatlar sunmaktadir. Bu firsatlarin
arka planinda ise, slrdurulebilirlik, cevre koruma, enerjide arz
guvenligi ve enerji bagimsizligi gibi cok daha saglam temeller
Gzerine oturmustur.
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Summary
Tdrkiye’'nin glnes elektrigi yolunda atmasi gereken temel adimlari
ve Ozetle bu adimlardan birkagi asagida siralanmistir;

Turkiye, yetkisel diizenlemeleri tamamlandigi takdirde, teknik
olarak cati programlarina hazirdir ve pv sektdrinin dogru
yerden baslamasi icin buna acil ihtiya¢ duymaktadir.

Lisansli olarak pv’den, enerji tiretim sdreci icin, asiri basvurulara
ve speklilasyonlara karsi degerli tarim, orman vb. sahalarinin
isgaline engel olabilmek icin bir dizi 6nemli dlizenleme
gerekmektedir. Aksi bir durum kamuoyu ve cevre Oérgltleri
tarafindan tepkilere sebep olacaktir.

Lisans basvurulari ve kurallarn - kriterleri belli olmadan kabul
edilmemeli, simsar ve gercek yatirimci birbirinden ayriimalidir.
Pv sektérdndn Tirkiye'de ilk adimlar icin lisansl ve lisanssiz
stire¢ birbirlerinden kesin cizgilerle ayrilmalidir.

Tlrkiye'de gerceklesmis olan dogal gaz yatirmlari ve
yatirimeilari, pv sektérdnt kendileri icin rakip gérmemelidirler.
Pv sektérii temsilcileri kendilerini en kétl senaryoya hazir
tutabilmelidir. Bu durum tesvigin ¢ikmamasi durumudur. Bu
noktada hedef sebeke tarifesini yakalamaktir.

Tesvik ¢ikmasa dabhi, ¢ift sayac sistemi mutlaka uygulanmalidir.
Glnes elektrigi sistemlerinin sebeke dahili kullaniminin yegane
¢bzUtimd budur.
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GUNES PANELLERI YAYGINLASTIRMA ONERILERI

Dr. Emine YETISKUL SENBIL
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Bayindirlik ve iskan Bakanligi

Koray CAKAN _
Sehir Plancisi, Sube Midurd, Imar Planlama Dairesi, TAU,
Bayindirlik ve Iskan Bakanhgi

Fosil yakit kaynaklarinin azalmasi ihtimali, daha da énemlisi fosil
yakitlarin tiketilmesi ile ortaya ¢ikan CO,gazi ile kiiresel 1sinmaya
sebebiyet vermesi hem gelismis hem de gelismekte olan (ilkeleri
yenilenebilir enerji kaynaklarina yéneltmektedir. Glnidmiizde en
temel yenilenebilir enerji kaynagi glinestir. Glnes panel sistemleri
ile elektrik enerjisi Uretilerek Kullanilabilmektedir. Bu sistemler,
ulusal elektrik sebekesine bagli sistemler olabildikleri gibi bagimsiz
sistemler de olabilirler. Bu ¢calismada dzellikle hemen hemen bdittin
bir yil boyunca gtines 1sigi ile temas halinde olan (lkemizin kiyi
bélgelerinde yer alan ikinci konut olarak degerlendirilen konut
stogunda guines panellerinin kullanimi ve yayginlastirimasi igin
gerekli yasal ve finansal c¢ergevenin hazirlanmasina ydnelik
Onerilerimiz yurtdisindaki érneklerle beraber verilmektedir.

1. Giris

Enerji hem ekonomik gelisimin hem de sosyal gelisimin énemli
bir faktéridir. Dinya enerjisinin bugliinkii mevcut Uretim miktari
ve bicimi, teknolojik gelismelerin etkisi ile farklilagtirlamaz ise
giderek artan dunya nifusu (8zellikle kentli niifus) ve sanayilesme
karsisinda yetersiz kalacaktir. Dlnyamizdaki enerjinin blyuk
bir miktarinin tiikenebilir fosil yakit kaynaklarindan elde edildigi
dasundlurse enerji kaynaklarini ¢esitlendirmenin ve yenilenebilir
enerji kaynaklarina ydénelmenin &énemi acikca ortadir. Fosil
yakit kaynaklarinin azalmasi ihtimalinden veya eninde sonunda
tukenecegi gercegi kadar dnemli olan bir diger gercek ise bu
yakitlarin tiketiimesi ile ortaya ¢ikan sera gazlarinin (CO,, CH,,
N,O, vs.) kuresel 1sinmaya sebebiyet vermesidir. Sera gazlarinin
atmosferik salimlarini kontrol etmek, gelismis veya gelismekte olan
Ulke ayirimina gitmeden tim Ulkeler icin énemli olmalidir; mevcut
enerji kaynaklarinin Uretiminde, dagitiminda ve kullaniminda
verimliligin arttinimasi yaninda yenilenebilir enerji kaynaklar
Uretimini ve kullanimini yayginlastirmak esas alinmaldir.

Gulnumuzde en temel yenilenebilir enerji kaynagi olarak karsimiza
glnes cikmaktadir. Glnesten isitma ve elektrik elde etme seklinde
iki farkli enerji iretimi mimkandur. Gunesten elde edilen isi enerjisi
ile su i1sitiimakta ve kullaniimaktadir. Ayrica glines panel sistemleri
ile elektrik enerjisi Uretilerek kullanilabilmektedir. Bu sistemler,
ulusal elektrik sebekesine bagli sistemler olabildikleri gibi bagimsiz
sistemler de olabilirler. Yeni tasarlanan binalarda bina ile farkli
sekillerde (building integrated systems_roof integrated, faced
integrated ve shading) uygulanabildigi gibi mevcut bina stogunda
da uygulanabilirler.

2. Giines Pilleri

Glnes enerjisi ile enerji Uretimini arttirmak ve Uretim maliyetlerini
duslrerek konvansiyonel enerji  ve diger yenilenebilir enerji
kaynaklari ile yarigabilmek icin glines pillerinde veya fotovolkaik
pillerde (solar photovoltaic, PV) yeni teknolojiler, metotlar ve
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uygulamalar gelistirmektedirler. Oyle ki; enerji sektériinde faal
olmayan diinya sirketleri bile gelecekte dinyay! baski altinda
alacak enerjiile ilgili sektdrlerde yer almaya calismakta ve herkesin
ulasabilecegdi temiz, glvenilir ve bol kaynag! yaratmak icin yollar
aramaktadirlar. Ornegin Gross Sirketi, pahali yiiksek verimligi olan
glnes hicrelerine 15191 yansitmak icin ucuz aynalar reterek Soliant
Energy, SolFocus ve Solaria gibi enerji sirketleri ile giines enerjisi
teknolojisinde rekabet etmektedir (Pernick ve Wilder, 2008). Giines
enerjisindeki teknolojik gelismeler ve buluslar, giines elektrigindeki
en yaygin sunum olan silikon tabanli gines PV’lerindeki marjinal
gelismelerden nanoteknoloji tabanli yeni gelismeleri kapsayan
silikon olmayan giines elektrigi sunumlarini icermektedir. Gines
elektrik teknolojilerindeki ve uygulamalarindaki cesitlilik sektérdeki
gelisme potansiyelini gdstermektedir.

Mevcut sebekeye bagl giines PV sistemleri, Japonya, Almanya ve
ABD’de yaygindir. Bu ulkelerde 2004 yil itibariyle 400,000 konut
cati Ustli gines PV sistemi ile mevcut kullanimi desteklemektedirler
(Yuksel, 2007). 2000 yilinda butin glines enerjisi firmalarinin
toplam yillik Gretimi 300 MW (106 W) iken 2005 yilinda bu tretim
miktari 5 kat buylyerek 1500 MW’a olmus ve 2007 yilinda 3000
MW’a ulagmistir (Pernick ve Wilder, 2008). Bu elektrik kapasitesi,
Atlanta bayukltgunde ¢ sehre yetecek kadar enerji miktaridir.

Gunes panelleri 1950’lerde Bell Laboratuarlarinda icat edilmis
uzay uydularini destekleyen bir endustri iken, 1970lerde ise
ticarilesmeye baglamis giines enerjisine odakli sirketlerin rekabet
ettigi bir endistri haline dénlsmustir. 1990’larin ortalarindan
itibaren endUstrideki gelisme, tuketici elektronigi pazarinda gorilen
gelismelere benzer yillik % 30 ve % 60 arasinda seyreden artiglarla
oldukga buyuk bir gelismedir. Glines enerjisi sektérii, 2006’'da 15
milyar ABD Dolari, 2007’de 20 milyar ABD Dolari gerceklesmis ve
2017 yiliicin 70 milyar ABD Dolari tizeri beklenen kiresel satisi ile
oldukga buyUk bir sektér haline gelmistir (Pernick ve Wilder, 2008).
Ayrica; toplam giinesten elde edilen kiresel ¢iktl, 1979’da 5 MW’dan
2006’da 2000 MW’a ylikselirken giines PV modiiliinde toptan fiyat
vat basina 32 ABD Dolari seviyesinden 3 ABD Dolari seviyesine
kadar (ortalama her on yilda % 50 oraninda) dismustur.

3. Giines Pilleri Uretiminde Maliyetlerin indirilmesi

Glnes enerjisi kullanimin yayginlasmasindaki en énemli firsat,
glines enerjisi maliyetinin  kullanilagelen mevcut elektrigin
perakende maliyeti seviyesine inmesidir. GuUnumuzde glnes
fotovoltoik modultiniin maliyeti 3 - 4 ABD $ civarindadir; ancak ev
veya igyerine tam gines PV sisteminin kurulmus veya kullanima
hazir fiyati olarak bilinen perakende fiyati toptan glines moduil
fiyatinin en az iki katidir. Kullanima hazir fiyati, glnesin direkt
akimindan (ing.: Direct current, DC) kullanilabilir varyant akima
(ing.: Alternating current, AC) degisimi saglayan déniistiriici dahil
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diger baglayici pargalari, modullerin baglantisini ve kurulmasini
kapsayan servis giderlerini de igermektedir. Uygulamaya,
finansmana ve diger degiskenlere gore farklilasmasina ragmen 1
Kilovat saatte 0,18 ile 0,36 ABD Dolari arasinda degisen maliyet
ortaya ¢ikmaktadir (Pernick ve Wilder, 2008). Bu deger de 1 Kilovat
saati 0,10 ABD Dolarindan az olan konvansiyonel kaynaklardan
Uretilen elektrik fiyati ile karsilastirldiginda oldukga pahalidir.

Gunes enerjisinin diger enerji kaynaklari ile dogrudan
maliyet bazinda karsilastirimasinda; o¢zellikle oldukca ytksek
fayda maliyetleri olan Japonya gibi Ulkeler ve San Diego gibi
boélgeler veya New Jersey ve Kaliforniya gibi glines 1sigindan uzun
dénemli faydanin mimkin oldugu bdélgeler veya asir sicak yaz
gunlerinde klima kullanimi ile talebin maksimuma ulastigi dénemler
kullaniimaktadir. Bunaltici 6gleden sonra saatleri en ¢cok giines
15191 saglayan saatler olup glines PV sistemlerini talebin en yogun
oldugu bu zamanlarda cazip kilmaktadir. Fotovoltaik sistem, isiyi
degil 15191 elektronlara dénustirdigu icin, cok ylksek derecelerde
sistem daha az verimlidir (6rnegin ABD’de Seattle’da giinlik 21.1 C
bir sicaklik ile ¢ati Ustll sistemi Phoenix’deki 43.3 C bir sicakliktan
daha ¢ok enerji iretmektedir).

Glnes enerjisinin glinimuazdeki mevcut elektrik enerjisi
glcu ile rekabet edebilmesi icin gines PV sisteminin kurulmus
halinin watt basina 2,0 ABD Dolari veya 2,5 ABD Dolari diizeyine
inmesi gerekmektedir. Bu da 1 kilowatt saatte 0,5 ile 0,12 ABD
Dolari arasinda degisen glice tekabll etmektedir (Pernick ve
Wilder, 2008). Her ne kadar dogal gazin ve kémirin giici ile
rekabet etmesi glnes enerjisi icin zor gorinse de fosil yakit
fiyatlarindaki degisimler dikkate alinmadan yapilan hesaplamalarda
bile glines PV’lerin fiyatlarinin 1980’lerin ortalarindan itibaren her
on yilda ortalama %50 miktarinda azalmasi ve teknolojinin geligimi
ile azalmaya devam edecegi beklentisi bu enerji sektériine yatirimi
artirmaktadir.

4. Turkiye’de Giines Enerjisi

Turkiye enerji ihtiyacinin yizde 80'ini ithal ederek karsilamaktadir
ve toplam enerji tiketimindeki ana pay da petrolindur. Tlrkiye'de
tim gelismekte olan Ulkelerdeki gibi artan genc¢ nifusu, hizli
kentlesmesi ve ekonomik gelismesi ile elektrik enerjisine ihtiyaci
hizla artmaktadir. 2010 yili igcin 300 milyar Kilovat saat (kWh)
ve 2020 yili icin 580 kWh elektrige ihtiyaci olacagi tahmin
edilmektedir ve yillik ortalama %6 ile 8 arasinda degisen talep
artisi g6zlenmektedir (Yuksel, 2007). Tablo 1 ve 2'de gorilecegi
gibi 2005 yili Turkiye enerji tretim ve tiketimi 34 ve 130 milyon
ton esdeger petroldir (mtoe). Her ne kadar hidrotermal, jeotermal,
glines enerjisi ve kémur Uretiminde belirgin bir artis goérilse de
enerji ihtiyaci dogalgazin artan payi ile karsilanmaktadir.
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36. ve 42. paralellerde yer alan Turkiye, Sekil 1’de de gorllebilecegi
gibi oldukga yiiksek glines potansiyeline sahiptir. Ortalama yillik
guines radyasyonu gunltk 3.6 kWh/m2dir ve toplam yillik radyasyon
periyodu ortalama 2640 saattir Bu yiksek glines potansiyeline
ragmen kiy1 bélgelerinde sicak su i¢in kullanilan diz levha giines
toplayicilari hari¢ yenilenebilir kaynak olan glnesten enerji Gretimi
oldukc¢a sinirlidir. 2005 yilinda 8.5 milyon m2 glnes toplayicisi
Uretilerek toplam enerji Gretimi 0.310 milyon ton esdeger petroldr
(mtoe) (Ylksel, 2007).

Sekil 1. Turkiye Isi Haritasi

Turkiye’de toplam enerji tlketiminin Ucte birinden daha fazlasi
(% 36) binalarin isitilmasi, sogutulmasi ve aydinlatiimasi igin
harcanmakta iken hanehalklari da toplam enerji tiketiminin %
60’in1 Isitma igin harcamaktadirlar. Ulkemizde 28,3 milyon ton
esdegeri petrol tliketen binalarin yillik enerji maliyeti 14 milyar
USD'yi asmaktadir (TTMD, 2009). Dinyada da bu oran asagi
yukari aynidir. Butlin toplam enerjinin ortalama %40’ binalar
tarafindan tuketiimektedir. Bu oranlar, tukettigi enerjinin % 80’ini
ithal eden Ulkemiz icin olduk¢a &nemlidir. Turkiye yenilenebilir
enerji kaynaklarina ydnelmek zorunda olmasina ragmen giines PV
sistemleri dahil diger yenilenebilir enerji kaynaklari ile ilgili herhangi
bir genis kapsamli plani veya uygulamasi yoktur. 30,000’den fazla
konutun mevcut sebeke yerine gines elektrigi kullanmasi daha
ekonomik olarak gértlmektedir (YUlksel, 2007).

5. Giines Pillerinin Yayginlastiriimasi

Gelismekte olan bolgelerde veya Ulkelerde kirsal alanda glnes
enerjisi teknolojileri, en basit ve en ucuz aydinlatma veya enerji
Uretim sistemi olmakla beraber yeni merkezi Uretim sistemi insa
etmeyi, blyuk 1zgara altyapi agini kurmayi ve bu agdan kablolarin
cekilmesini kapsayan yatirim ile karsilastiriidiginda oldukga maliyet
azalticidir. Kenya'daki kirsal yerlesmelerin %2’lik bir bdlumu,
gunes enerjisini kullanmaktadir (Pernick ve Wilder, 2008). Kenya,
kisi basina disen gines panelleri sayisi ile dinya lideridir (vat
buyUklugu degil). Her biri 12-30 vat arasinda degisen 30,000°den
fazla kicuk glines panelleri vardir.

Tablo 1. Tiirkiye’deki Enerji Uretimi (Milyon ton petrol esitligi, Mtoe) Tablo 2. Tiirkiye’deki Enerji Tiiketimi (Milyon ton petrol esitligi, Mtoe)
Enerji Kaynagi 1990 2000 2005 2010 2020 Enerji Kaynagi 1990 2000 2005 2010 2020
Kémur ve Linyit 12.41 13.29 20.69 26.15 32.36 Kémur ve Linyit 16.94 23.32 35.46 39.70 | 107.57
Petrol 3.61 2.73 1.66 1.13 0.49 Petrol 23.61 31.08 40.01 51.17 71.89
Gaz 0.18 0.53 0.16 0.17 0.14 Gaz 2.86 12.63 42.58 49.58 74.51
Yenilenebilirler ve Atiklar 7.21 6.56 5.33 4.42 3.93 Yenilenebilirler ve Atiklar 7.21 6.56 5.33 4.42 3.93
Nikleer - - - - 7.30 Nukleer - - - - 7.30
Hidroelektrik 1.99 2.66 4.16 5.34 10.00 Hidroelektrik 1.99 2.66 4.161 5.34 10.00
Jeotermal 0.43 0.68 0.70 0.98 1.71 Jeotermal 0.43 0.68 1.89 0.97 1.71
Gunes/Ruzgar/Diger 0.03 0.27 0.22 1.05 2.27 Glnes/Ruzgar/Diger 0.03 0.27 0.22 1.05 2.27
Toplam Eneriji Uretimi 25.86 | 26.71 34.12 39.22 | 58.20 Toplam Enerji Tlketimi 53.1 7749 [129.63 |152.22 (279.18
Kaynak: Yiiksel, 2007. Kaynak: Yiiksel, 2007.
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Turkiye’de de sicak kiyr bolgelerinde birbirinden daginik olarak
konumlanan kirsal alanlarda ve ikinci konut alanlarinda gines PV
sistemleri, mevcut sebekenin genisletiimesinden daha az maliyetli
olacagr aciktir. GUnes paneli yayginlastirma modeli ortalama 8 ay
kadar atil olan yazlik konutlara takilabilecek glines panel sistemleri
onemli él¢tide elektrik Gretiminin saglanmasi mumkundur.

1. Merkezi ve/veya yerel yénetimler tarafindan belirlenen
yenilenebilir giines enerjisi kaynaginin kullanimina 6zgii yasal

dizenlemeler gereklidir.

Malzeme ve techizat standartlar

Gunes enerjisi sisteminde kullanilan ara¢, malzeme ve techizatlarda
minimum verimlilik standartlari belirleyerek bu standartlara

uymayan perakende satiglara izin vermemek.

Yapi Enerji Yasasi

Ticari ve/veya konut yapilarinda belirli enerji standartlarina uyumu
zorunlu kilmak gerekmektedir. ABD’de ki pek ¢ok eyalet veya
belediyede Uluslararasi Yasa Komitesi (International Code Council,
ICC) tarafindan gelistirilen Uluslararasi Enerji Koruma Yasasi
(International Energy Conservation Code, IECC) gegerlidir. Ayni
sekilde kamu binalarinda da enerji standartlari gelistirerek enerjinin
tlketimi azaltilabilir ve/veya yenilenebilir enerji kullanimi artirilabilir.
Enerji verimliligini artiran Enerji ve Cevre Tasarim Programina
veya Uygulamalarina uyumlu malzemelerle tasarlanmis kamu

binalari Gretmek.

Yiiklenici Lisansi

Yenilenebilir enerji kaynaklarina iligkin sistemlerin yuklenicilerinde
lisans sarti aramak ve bu lisans uygulamasi ile yUklenicilerin
sistemi kurabilmeleri icin yeterli bilgiye ve deneyime sahip
olmalarini saglamak. Gunes panellerine iligkin lisanslar sadece
glines panellerine ait lisanslar olabilecegi gibi genel olarak elektrik

ve su tesisatcilarina 6zel bir lisans da olabilir.

Net-6lciim (Net-metering):

Elektrigini kendisi Ureten tiketiciler icin net-6lcim, iki tarafl
hem tlketiciden giden hem de tiiketiciye gelen elektrik akiminin
6lcumudur. Tuketicinin Uretimi, kullanimini asarsa elektrik akimi
sebekeye gider ve baska bir zamanda tiketicinin kullanimini
karsilanir. Tuketici, elektrigi perakende sebeke fiyati ile almak
yerine Urettigi fazla elektrigi ihtiyaci oldugu zaman kullanabilir
(http://www.dsireusa.org). Ayrica, bu net-6lcim sistemi bir cesit
kredili sistem oldugu icin kartll sisteme donustirilerek ikinci
konutlarda Uretilen elektrik enerjinin gérece daha az gunes enerijisi
alan birincil konutlarda veya isyerlerinde kullanimini saglanabilir.

Yesil Enerji Kullanimini Ozendirme

Kamu binalari, konutlari, okullari ve sivil toplum &rglt binalari
yenilenebilir enerji kaynaklarindan Uretilen elektrigi kullanmak icin
satin alabilirler. Elektrik tuketiminin belirli bir oranini yenilenebilir
enerji guclinden olusturabilirler ve yesil enerji alimlari sézlesmelerle

iki tarafi baglayabilir.

Mevcut Sebekeye ilavede Yenilenebilir Enerji Kaynaklari Analizi

Mevcut sebekeden uzak bir noktaya ilave gereken durumlarda
yerinde yapilan yenilenebilir enerji kaynaklarina (on-site renewable
energy system) iliskin analiz bir rapor istenilerek maliyet fayda analizi
yapildiktan sonra mevcut sebekenin gelistirilmesi uygulamasidir

(http://www.dsireusa.org).

2. Ekonomik olarak ilave kaynak ihtiyacinin karsilanmasi icin
slibvansiyon veya kredi programlari gibi finansal destekler
gereklidir.

Gunes PV’lerinin en énemli ekonomik parametreleri, PV sisteminin
toplam maliyeti, elektrik fiyati ve tarife garantisi ile enerji geri ddnls
zamani (energy payback time, EPBT). PV Sisteminin maliyeti pik
vat basina fiyat olarak olculir ((€/Wp veya US$/Wp).

Tarife garantisi (Feed-in-tariff, FiT), yenilenebilir enerji
kaynaklarinin kullaniminin tesviki icin gelistirilen politikalari veya
uygulamalari igerir. Sebekeye erisim garantisi, elektrik Gretiminde
uzun doénemli sbézlesme ve vyenilenebilir enerji kaynaginin
maliyetine dayanan tarife fiyati bilesenlerinden olusmaktadir.
Tarife garantisi ile boélgesel veya ulusal elektrik sirketlerine butin
yeterligi olan Ureticiler veya katilimcilar tarafindan yenilenebilir
enerji kaynaklarindan (glines, rlizgar gucu, dalga ve gel-git,
biokutle, gibi) Uretilen elektrigi alma zorunlulugu getirir. Projenin
cesidine gore gelistirilen maliyet tabanli fiyat ve yatinmcilar
acgisindan yatinmin karsiligi olan tarife kurali ilk olarak Almanya’da
2000 yilinda Yenilenebilir Enerji Kaynag Kanununda (Renewable
Energy Sources Act) aciklanmistir. Almanya’dan sonra pek ¢ok
Ulkede benzer politikalar ve uygulamalar baslamistir. Genel olarak
tarife garantisinde kaynagina goére farklilasan %5 ile 10 arasinda
degisen bir kar orani hedeflenmistir (http://en.wikipedia.org/wiki/
Feed-in_tariff).

Almanya’da tarife garantisi program bedeli olarak konut elektrik
faturasina aylik 1.01 Avro eklenmektedir. Sistemin biyuklugiine
ve konumuna goére oranlar belirlenmektedir. 30 Kilovatlk cati tstu
sistemi icin 43.01 avro sent, 30 ve 110 Kilovat arasi 40.92 avro
sent, 100 Kilovat ile 1 megavat arasi 39.58 avro senttir. Toprak
Ustl uygulamalari icin Kilovat saat basina 31.94 avro senttir (http:/
en.wikipedia.org/wiki/Feed-in_tariff).

Turkiye’de de yenilenebilir enerji yatinmlarini cazip hale getirmek
icin tim yenilenebilir kaynaklarda bu zamana kadar 5.5 avrosent
/ kilovatsaat alim garantisi verilirken, &numuzdeki glinlerde
yasalasmasi beklenen yeni diizenleme ile hidrolikte alim garantisini
7 avrosent / kilovatsaate ¢ikarmayi éngériyor. Teklife gore rizgar
enerjisi yatirimlarinda bu rakam 8 avrosent / kilovatsaat iken
jeotermalde 9 avrosent / kilovatsaat, biokitlede 14 avrosent /
kilovatsaat, deniz, dalga ve gel-gitten elde edilen enerjide 16
avrosent / kilovatsaat olacak. Giines ve fotovoltaikde ise 20-28
avrosent / kilovatsaat alim garantisi verileceg@i tartisiimaktadir.
Ayrica, ruzgar, jeotermal, hidrolik ve biomasda alim garantileri 10
yiligina verilirken, glines ve fotovoltoikte bu slrenin 20 yil ( 10 arti
10 yil ) olmasi éngoriliyor. Yatirimlarda yerli par¢a kullaniimasi
halinde rlzgar ve hidrolik enerji yatinmlarinda 2.5 avrosent /
kilovatsaat ek alim fiyati verilmesini 6ngéren dlzenleme, glnes
enerjisi yatinmlarinda yerli imalat tesvigini 10 avrosent/kilovatsaate
kadar ¢ikaracagi gorisilmektedir (http://www.solar-santral.com).

ipotek sistemi

Konut alicilari yeni bir ev alirken cati sisteminde veya dig duvar
cephelerinde gunes panelleri hazir olan evleri tercih edecekleri
ipotek sisteminin gelismesi ve uygulanmaya baglamasi ile glines
glcl sadece eve degil ayrica evin ipotedine de dahil edilmis
olacaktir. Boylece elektrik faturasi, harici olarak 6édenen bir gider
yerine evin fiyatina ve dolayisiyla ipotegin bir parcasi olacaktir.
Glnes enerjisi 6ncusi ve Endiseli Bilim Adamlari Birligi'nden
(Union of Concerned Scientists) Dr. Donald Aitken, ‘Neden evinize
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sahip olurken elektriginizi kiraliyorsunuz?’diyerek glines enerjisi
kullanimindaki fikrini belitmektedir (Pernick ve Wilder, 2008).

Finans Modeli

Glnes panelleri sistemini degil, elektronlari satma modeli, %100
glines glciinden elde edilen enerjiyi satin alma modelidir. Elektrik,
Gretim hakki firmada kalarak 10-20 yillik gibi uzun dénemli
sOzlesmeler karsiliginda enerji kullanim hakki satin alinan evin,
deponun veya isyerinin catisinda Uretilmektedir. Eneriji firmasi,
her projenin yatirnm finansmanini garanti ederek ve geri 6deme
risklerinin tahmin ederek glnes panelleri sistemini kuruyor ve
Uretilen enerjiyi musteriye sabit bir fiyata satiyor; ayrica bu fiyat
mevcut enerji fiyatindan asagi veya ayni oluyor. Bu finansman
modelini gelistiren SunEdison Enerii Sirketi, 2004 ve 2005 yillarinda
Harvard Business School is plani yarismasinda édullendiriimistir..
SunEdison Enerji Sirketi diunyanin en buylk glnes paneli
projelerinden birini, ABD ordusu i¢in Las Vegas’in disinda Nevada
Colunde 18 MW’lik giines ciftligini kurmaktadir (Pernick ve Wilder,
2008).

Aydinlatma

45% maliyeti ve 30 yil dmrl olan giines guglu 1sildaklar, kirletici,
tehlikeli ve yenilenemez yakit gazli lambalarin yerini dinyanin
her tarafinda maliyetler daha da dusurildugu takdirde alacaktir.
Hem dogrudan satiglarla hem de fonlarla desteklenen dagitimlarla
herkesi hedef kitle olarak belirlemektedir (Pernick ve Wilder,
2008).

Yenilenebilir ve Giines Teknolojisi icin Finans Tesgviki

Mulk sahiplerinin giines PV sistemleri kurmak icin 20 yil boyunca
emlak vergisine ilave edilen &zel bir vergi ile geri édemesini
yapabildikleri yerel yénetimlerden borg aldiklari bir sistemdir (ABD,
Kaliforniya’da Berkeley’s Financing Initiative for Renewable and
Solar Technology, FIRST gibi). Program ilk olarak 40 uygulama
icin hazirlanmigtir ve 37,500 ABD dolaina kadar uygulamalar igin
basvurular kabul etmistir. Eger miilk sahibi 20 yil i¢inde tasinirsa
ilave vergi bedeli ve gunes PV sistemi milk ile kaliyor.

6. Binalarda Enerji Performansi (BEP) Yonetmeligi

Bina Enerji Kimlik Belgesi ve Merkezi Isitma Sistemine iliskin bazi
zorunluluklar getiren 5 Aralik 2008 tarih ve 27075 sayili “Binalarda
Enerji Performansi (BEP) Yoénetmelidi” Enerji Verimliligi Kanunu
(18/4/2007 tarih ve 5627 sayi) gergevesinde Bayindirlik ve iskan
Bakanhg@! tarafindan hazirlanarak, 5 Aralik 2009 gunu yardrlige
girmigtir. Bu Yonetmelik ile, mevcut ve yeni yapilacak konutlarin
yani sira ticari ve hizmet amagli binalarda uygulanmak (izere
Isitma, sogutma, elektrik, sihhi sicak su, aydinlatma konularinda
enerjiyi verimli kullanmak ve vyenilebilir enerji kaynaklarindan
yararlanmak hedeflenmistir. Tulrk Tesisat Muhendisleri Dernegi
Yénetim Kurulu Bagkani, Sn. Cafer Unli 7 Aralik 2009 tarihinde
diizenlenen toplantida ‘Yoénetmeligin tam anlamiyla uygulandigi
takdirde binalarda enerji tiketiminin en az yuzde 50 azalacagi,
bunun parasal degeri ise yillik 7 milyar dolar tasarruf demek
oldugunu’ vurgulamistir.

Binalarda Enerji Performansi Yénetmeligi,

D Isitma Sistemlerinde
Kullanim alani 1000 m?den buylk yeni yapilacak binalarda
merkezi 1sitma sistemi zorunlu hale gelmesine; 250 m?den
blylk yapilarda i1sitma sistemi ‘yogusmal’’ olmasi; Merkezi
sistemlerde Isi Pay Olger cihazlan ile “isindigin kadar éde”
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sistemi getiriimesine; Merkezi sistem cihaz ve ekipmanlari
olarak, dis hava sicaklik kontrollii otomatik sistem kullaniimasi;

D Bina Yalitiminda
100 m?den kuclk bireysel yapilar disinda kalan yapilarin tamami
icin yahtimin zorunlu hale gelmesine;

D Sogutma Sistemlerinde
2000 m?den buyuk ticari ve hizmet amagli (otel, hastane, AVM)
yapilarda Merkezi Sogutma Sistemi uygulanmasina;

D Sicak su (Kullanim amacl) Hazirlama ve Dagitiminda
Kullanim alani 1000 m2den blyik Hastane, Otel, Yurt, Spor merkezi
gibi tesislerde Merkezi Sicak Su uygulamasinin zorunlu olmasina;

D 1000m?nin Uzerindeki binalarda “Enerji Kimlik Belgesi’nin
zorunlu hale gelmesine;.

D Yeni binalarin ingaat izninde Enerji Kimlik Belgesi sarti
aranmasina; iliskin hukUmleri icermektedir. Bu hukumlerin
uygulanmasi halinde enerji verimliligin artacagdi ve karbondioksit
saliminin (sera gazi emisyonunun) da azalmasi ile gevreye
olumlu katkisi olacagdi beklenmektedir.

Ayrica, Binalarda Enerji Performansi Yénetmeligi, yenilenebilir enerji
kaynaklarinin kullanimina iligkin asagidaki maddeleri icermektedir.

MADDE 22 - (1) Yeni yapilacak olan ve 1.000 m?nin Uzerinde
kullanim alanina sahip binalardaki isitma, sogutma, havalandirma,
sithhi sicak su, elektrik ve aydinlatma enerjisi ihtiyaclarinin
tamamen veya kismen karsilanmasi amaciyla, hidrolik, rizgar,
glnes, jeotermal, biokutle, biyogaz, dalga, akinti enerjisi ve gel-
git gibi fosil olmayan eneriji kaynakl sistem ¢déziumleri tasarimcilar
tarafindan rapor halinde ilgili idarelere sunulur. ilgili idare yapi
kullanma izni verilmesi safhasinda bu raporda sunulan sistem
¢6zUmlerinin uygulamasini dikkate alir.

(2) Yeni yapilacak binalarda yenilenebilir enerji sistemleri icin
birinci fikrada belirtilen raporda tespit edilen ilk yatinm maliyeti
enerji ekonomisi géz énunde bulundurulmak suretiyle, insaat
alani 20.000 m?ye kadar olan binalarda 10 yil, insaat alani
20.000 m? ve daha buyuk binalarda 15 yilda geri kazanilmasi
durumunda bu sistemlerin yapilmasi zorunludur.
Yeni yapilacak binalarda hava, toprak ve su kaynakli isi
pompasi sistemleri i¢in birinci fikrada belitilen raporda tesbit
edilen ilk yatinm maliyeti enerji ekonomisi gz ©nlinde
bulundurulmak suretiyle, insaat alani 20.000 m? ve Ustundeki
binalarda 15 yilda geri kazaniimasi durumunda, bu sistemlerin
yapilmasi zorunludur.

(4) Yeni yapilacak olan ve kullanim alani 1.000 m?nin tzerindeki
oteller, hastaneler, yurtlar ve benzeri konaklama amagch konut
harici binalar ile spor merkezlerindeki merkezi isitma ve sihhi
sicak su sistemlerinde glines enerjisi toplayicilari ile sistemin
desteklenmesi zorunludur.

(5) Gunes enerijisi toplayicilart kullaniminda TS EN 12975-1 ve TS
3817’e uyulur.

(6) Konut harici ve merkezi havalandirma ve iklimlendirme

sistemlerine sahip binalarda, dogal havalandirma ve

iklimlendirme sistemlerinin de tasarlanarak bu sistemlerin daha
verimli calismalarinin saglanmasi gerekir.

Jeotermal enerji kaynaklari ile merkezi isitma yapilan binalarda,

Isitma hatti dénls suyunun bolgedeki jeotermal i1si kaynagina

doénusinln saglanmasi gerekir.
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Kojenerasyon sistemleri

MADDE 23 - (1) Toplam insaat alani en az 20.000 m?Znin
tasariminda kojenerasyon sistemlerinin uygulama imkanlari analiz
edilir. ingaat maliyetinin yiizde onunu gecmeyen uygulamalar

yapilir.
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YOGUNLASTIRMALI GUNES ENERJISI TEKNOLOJILERI

Emir AYDAR
TUBITAK Marmara Arastirma Merkezi
Enerji Enstitust

Ersin URESIN
TUBITAK Marmara Arastirma Merkezi
Enerji Enstitust

Ozet

Glnes enerjisi sistemleri arasinda i1sil yéntemle gli¢ ve elektrik (iret-
mek ancak yogunlastirmal sistemler ile mimkiinddr. Yogunlastir-
mall sl sistemler dogrusal veya noktasal olabilirken, bazen buhar
tdrbinleri (Rankine ¢evrimi) icin su/kizgin buhar, bazen de Stirling
veya Brayton cevrimleri icin gaz isitarak calismaktadir. Glinesten
alinan 1s1 ortama bazen kizgin yag veya tuz aracilidi ile bazen de
dogrudan ge¢cmektedir. Bu bildiride, yogunlastirmali glines enerjisi
teknolojilerinin gelisme durumu ve ¢éziim bekleyen teknik problem-
ler hakkinda bilgi verildikten sonra bu konuda TUBITAK MAM Ener-
ji Enstittisti’nde ydirdtilmekte olan arastirma ézetlenmistir.

1.Girig

Yogunlastirmali (veya yogunlastiricil)) glines enerjisi teknolojileri
(CSP: concentrated solar power), dogrusal yogunlastiricilar ve
noktasal yogunlastiricilar olarak ikiye ayriimaktadir. Dogrusal
yogunlastiricilari, parabolik oluk kolektorler; noktasal yogunlastiri-
cilari ise, canak kolektdrler ve merkezi alici sistemler (heliostatlar)
olusturmaktadir. Turkiye gibi iliman iklimli Glkelerin ortalama si-
cakliklari géz éniuine alindiginda elektrik tretiminde fotovoltaik (PV)
sistemlere kiyasla CSP sistemleri genel olarak daha ekonomik ve
verimli gikmaktadir. CSP sistemlerinde imalat ve kurulum teknolo-
jileri PV’lere kiyasla daha buyuk oranda konvansiyonel yéntemler
icerdigi icin Turkiye gibi ileri malzeme ve ytizey teknolojilerinin ge-
lismemis bulundugu Ulkelerde yerli imkanlarla gelistirilip kullanila-
bilir.

ilk gelistirildigi yillardan beri diger giines enerjisi teknolojileri gibi
CSP sistemlerinin temel iki sorunu kurulum maliyetinin yiksekligi
ile isletme performansinin yere, zamana, mevsimlere ve hava du-
rumuna asiri bagimh olmasidir. Komponent, sistem, kurulum ve
altyapr maliyetleri Uretimin artmasi ile zaman icinde dismeye bas-
lamistir. Diger yandan basta ABD ve ispanya olmak (izere din-
yanin degisik yerlerinde kurulup senelerdir isletilen CSP sistemleri
Gzerinde kazanilan tecriibe ile bakim ve isletme maliyetlerinde an-
lamli dusls elde edilmistir. Anadolu’nun bulutlu glin sayisi sinirli
guney illerinde bile yaz-kis arasinda isima suresi yaklasik 8 ile 16
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saat arasinda degismektedir. Bu durumda enerji depolama tek-
nolojileri henliz emekleme safhasinda bulundugu icin, CSP’ler tek
basina tim elektrik ihtiyacini kargilayamamakta, diger sistemlerle
birlikte (hibrid yapida) veya dénusimll ¢alismak durumunda kal-
maktadirlar. Asagida yogunlastirmali glines enerjisi teknolojileri-
nin 2010 yil bagindaki gelisme durumu ve ¢ézim bekleyen teknik
problemler hakkinda bilgi verildikten sonra bu konuda TUBITAK
MAM Enerji Enstitisi’nde yuratiimekte olan arastirma 6zetlen-
mistir.

1.1.Dogrusal Yogunlastiricilar: Parabolik Oluk
Kolektorler

Parabolik oluk kolektdrler, dogrusal yogunlastirma yapan ve kesiti
parabolik olan dizilerden olusur. Olugun i¢ kismindaki yansitici
yuzeyler, glines enerjisini paraboligin odaginda yer alan ve boy-
dan boya uzanan siyah bir absorban boruya yansitir (Sekil 1). Isi
toplama elemani; cam tlp, yuzeyi yaklasik %97’lik bir absorbtivite-
ye sahip gelik alici boru ve cam-metal birlestiricilerden olugur. Ali-
cI boru Uzerinde meydana gelen yiksek sicaklik nedeniyle olusan
1s1 kayiplarini azaltmak icin, cam tlp ile alici boru arasindaki hava
vakumlanmistir. Bu bosluk basinci yaklasik 0,1 atm’dir. Isiya da-
yanikli cam tiip, yiksek bir gegirgenlige ve radyasyon kayiplarini
en aza indirgemek icin antireflektif bir yapiya sahiptir. Sicaklik
nedeniyle meydana gelen genlesmelerin etkilerini gidermek icin
korikla cam-metal birlestiriciler kullaniimaktadir.

Buhar Uretim sistemi; 6n isitma, buhar Uretimi ve slper isitma
bélumlerinden olusur. Bu bdlimlerden gecirilerek 400°C ve 100
bar basinca yukseltilen buhar, elektrik tretimi icin tirbine génde-
rilir (Sekil 2). Uretimden sonra yeterince sogumayan buhar, yeni
bir cevrime génderilmeden, yeniden ayni sicakliga kadar isitilir ve
tekrar turbine goénderilir. Bu ikinci cevrimden sonra artik soguyan
buhar, sikistirilip sivi hale getirildikten sonra yeni bir cevrime gon-
derilir. Isinimin en ylksek oldugu sartlarda blyuklik olarak 25-
200 MW elektrik Uretebilen bu sistemler genel olarak kWh bagina
en diusuk maliyetli alternatif olarak degerlendiriimektedir.
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Parabolik oluk aynali sistemlerdeki temel Ar-Ge hedefi g¢alisma
sicakliginin ve boylece sistem calisma veriminin yikseltimesidir.
Gunes takip sistemlerinin parabolik oluk kolektorlere uygulanmasi
yaninda, ayna, anti-reflektif film kapli cam tlp ve absorbant kap-
lamali metal tip performansinin iyilestirimesi de gerekmektedir.
Yurdumuzda Hitit Solar-Zorlu Enerji Firmasi Denizli ve Manisa’da
birkag pilot tesis kurmus ve gelistirmektedir. Ayrica birkag KOBI
Olcekli sanayi kurulusunda yurutilen Ar-Ge galismalari mevcuttur.
Kisa vadede sebekeye vermek lizere elektrik tGretimi mimkin gé-
rinmese de, sera Isitma ve meyve-sebze kurutma vb. yerel ihtiyag-
larin karsilanmasi amaciyla yayginlasarak kullanilabilecegi gorin-
mektedir. Hassas ve kirilgan nitelikteki cam-metal tiip grubu halen
ithal edilmekte olup, bu teknolojinin gelismesi ve yayginlasmasi i¢in

ekonomik dlcekte yerli Gretimin tesvik edilmesi gerekmektedir.

Vakumlu cam tip
Reflektor

Tesisat

Sekil 1. Parabolik Oluk kolektorler

ey boalbekotdulont A lami

LIL1X13 1]

L L L1 L L L L K

oz

LI L L L & & & I

Sekil 2. Parabolik Oluk Kolektérlerde Sistem Cevrimi
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1.2. Noktasal Yogunlastiricilar

1.2.1. Canak kolektérler

Canak motor sistemleri; kolektor, toplayici ve bir motordan olusan
basli basina bir Gnitedir (Sekil 3). Glines enerjisi, ganak bicimli
bir ylizey tarafindan bir alici ylizey izerine nokta seklinde yogun-
lastirilir. Alici ylzeyde toplanan i1sinimin ya dogrudan 1si enetjisi
olarak kullaniimasini saglar ya da bir Stirling motoru igerisinde-
ki calisma akiskanina aktarir. Motor 1siyl mekanik glice gevirir.
Hidrojen veya helyum gibi 6zgul agirhgi, (ataleti) disik bir gazin
tercih edildigi bu sistemlerde sogukken sikistiriimis gaz, gines
enerjisi tarafindan isitilir ve bir tlrbin veya silindir piston sistemin-
de genlesirken is Uretir. Bu mekanik gugc bir jeneratér yardimiyla
elektriksel glice donustaralir. Canak-motor sistemleri glinesi iki
eksende izlerler. ideal yogunlastirici sekli paraboliktir. Uc ya da
tek bir yansitici ylizeye veya birgok yansiticidan olusan bir yuzeye
sahiptir. Alici yuizey ve motor tipi i¢in basta Stirling motoru veya
Brayton alicisi olmak Uzere birka¢ secenek vardir [2].

Noktasal yogunlastirmali canak kolektér sistemlerde su ¢evrimi
kullanilmadigi icin su kaynaklarin bulunmadigi kurak ¢l ortam-
larina ¢ok uygundur. Moddler yapida oldugu icin ister tek, ister-
se ¢ok sayida g¢anak bir arada kullanilabilir. Ancak, guvenilir ve
ekonomik bir Stirling motoru yapmak zordur. Stirling motorlarinin
saglikli islemesi icin Hidrojen veya Helyum gibi hafif ve ince bir
gaz ortamin sizdirmazhgr saglanmak durumundadir. Ayrica, bu
sistemlerde enerji depolamak da mimkiin degildir. Bu nedenle,
canak/Stirling sistemlerinin hibrid yapida baska bir enerji kayna-
g1 ile birlikte tasarlanmasi 6nerilmektedir. Dogal gazli, biyogazl
veya biyokitleden elde edilen sentez gazl prototipler Avrupa ve
Amerika’da gelistirme ve test asamasindadir. 2009 yih itibariy-
le hala yatinm maliyeti en yiksek alternatif bu gérinmektedir.
Yurdumuzda bu sistemleri gelistirmek tUzere on sene kadar énce
Kombassan Firmasi tarafindan bir Ar-Ge projesi baslatiimis ve
Amerikan Cummins Firmasindan gelistiriimekte olan bir Stirling
sistemi devralinmistir. Antalya’da bir glines takip sistemi Gizerine
prototip bir canak kurulmus, sistem surekli ve verimli ¢alisir hale
getirilemeden Firmanin yasadigi ekonomik problemler sebebiyle
durdurulmustur.

1.2.2. Merkezi Alicilar

Glnesten gelen direkt isinlar, genis bir alana yayilmis ve iki
eksenli gunes takip sistemleri ile donatiimis ylzlerce aynalar
(“heliostat’lar) yardimiyla kule tzerindeki toplayici tizerine yogun-
lastirilir (Sekil 4 ve 5). Toplayici igerisinden dolastirilan tuzlu eriyi-
gin, bu yogunlasan isinim yardimiyla sicakhgr artirilir. Tuzlu eriyik
1sty1 verimli bir sekilde tutar. Tuzlu eriyik 277°C sicaklikta soguk
depolama tankindan kule Uzerindeki bir toplayici icerisine pompa-
lanir. Burada 777°C’a kadar i1sinarak bir sicak tanka génderilerek
depolanir. Guce ihtiyag duyuldugunda sicak tuzlu eriyik bir buhar
kazanina pompalanarak ylksek sicaklikta kizgin buhar Uretiime-
sinde kullanilir. Gunes kulesi sistemlerinde yogunlastirma orani
300 ile 1500 arasinda degisirken, sicaklik 550’den 1500°C’a kadar
cikabilir. Maksimum guic 10 MW ve Uzeridir. Alternatifler arasinda
en verimli, ancak buyuk yatirim gerektiren heliostat sistemlerdeki
calisma sicakligi digerlerine gore ¢ok yiksek bulundugu igin glve-
nilirlik ve emniyet en 6nemli faktérler olarak ortaya ¢ikmaktadir.
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2. Diinyada Csp Uygulamalari

Dinyada 2008 yili itibariyle parabolik aynali glines santralleri ola-
rak toplam 400 MW bulunmaktadir. Buna ek 350 MW santral insa
edilmekte iken, 7.000 MW planlama asamasindadir. Ortalama ya-
tinm maliyeti 4-9 $/W arasinda degismektedir [3]. Kurulu glines
enerjisi sistemlerinin detayli karsilastiriimasi Tablo 1’de, gelistirme
asamasinda olan projeler ise Tablo 2’de verilmistir.

ABD’de California Mojave ¢élindeki SEGS demo tesisi 20 yildir
calismaktadir. ABD’nin parabolik oluk kolektérlerle kurmus oldugu
en blylk santral olan SEGS, dunyanin en blyik giines enerjisi
santrali olup; dokuz Uniteden olusmaktadir. Toplam kurulu giict
354 MW’ tir ve 936,384 adet ayna ile 6,5 km?lik bir alana sahiptir.
Bu santrale ait degerler, Tablo 3'te verilmistir [3]. Bir diger parabo-
lik oluk projesi Nevada Solar One, 260 milyon USD butge ile yapil-
mis olup; nominal kapasitesi 64 MW, maksimum kapasitesi ise 75
MW'tir. Santralde 760 olukta 219.000 ayna, 18.000 alici tlp olup
akiskan sicakligi 391°C’dir [3]. California’da bir sonraki parabolik
oluk CSP projesi 106.8 MW kapasitede planlanmis ve 2011’de dev-
reye alinacaktir. ABD Enerji Bakanhgi tarafindan deneysel amagli
olarak 1981°de kurdurulan ilk glines kulesi (heliostat) santrali yine
California Mojave ¢élindeki Solar One tesisidir. 1995’te Solar Two
adi verilerek genigletilen tesisin test edilen kapasitesi 10 MW’a
ulasmistir (Sekil 6). 2009 yazinda daha gelismis ve yliksek kapa-
siteli bir santral kurmak tzere sékilmustir. Boylece Amerika'nin

PV santralleri dahil 2016’da 28 GW guinesten elektrik kapasitesine
ulasacagl 6ngoérulmektedir.

Reflektor

Alici / Motor

Sekil 3. Canak kolektorler
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Sekil 4. Merkezi Alicilar (Giines Kulesi, PS10 ve PS20 santralleri, ispanya)
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Sekil 5. Merkezi alicilarda sistem gevrimi

Seville ispanya’da, Inabesa, Fichner, Ciemat ve DLR’In ortakhgi
ile Mart 2007’de ticari nitelikte kurulan Planta Solar PS10 giines
kulesi santrali 11 MW kurulu glgcte olup; 75,000 m?lik bir alana
sahiptir (Sekil 6). Santralin yillik Gretimi 24,3 GWh, termal verim
%27, toplam verim ise %17’dir. Santralden elde edilen sicaklik 250
°C’dir. 14,3 milyon Euro maliyetin 5 milyon kadarini AB karsila-
mistir [3]. Ayni yerde Nisan 2009’da 20 MW kapasiteli PS20 ku-
rulurken, genisleme planina gére toplam glcun 2013’e kadar 300
MW’a cikariimasi planlanmaktadir. Bir diger glines kulesi sistemi
Andulucia bdélgesinde Solar Tres adiyla 15 MW kapasiteyle kurul-
mus tuz ergiyigi Ustinde enerji depolayarak yaz aylarinda 24 saat
kesintisiz galisma saglanmis ve yillik ortalama %65 emreamadelik
elde edilmistir. 2008 yilinda Granada’da kurulan parabolik oluk ko-
lektorlli, Andasol santrali 50 MW kapasiteli olup, yilda 3.589 saat-
te toplam 179 GWh uretim yapmaktadir. PV santral yatinmlariyla

67

h_




- BILDIRILER KIiTABI
Fil'e . PROCEEDINGS BOOK

birlestirildiginde Avrupa’nin en glinesli ulkesi Ispanya’da gunesten Tablo 2. Gelisme Halinde Olan Giines Enerjisi Projeleri
elektrik Uretme kapasitesi 2009 yili sonunda 3 GW’a ulasmistir.
Boylece giines enerjisinin toplam elektrik tretimindeki pay %12'yi TOPLAM GUNES
bulmustur. BOLGE | KAPASITE AEP’\JIES?"II':ESSIi CEVRIM | FINANSMAN
(MWwe) (MWe)
Parabolik canak sistemlerinin gelistiriimesi icin ABD ve AB’de calis-
P . . Parabolik
malar yUritdlmastir. ABD 1980’li yillarda baslayan ve 500 Milyon oi:i o
USD'’ye yakin Ar-Ge harcamasi yapilan projede her biri 25 KWp
Uretebilen Stirling motorlu sistemler 2009 yilinda ticarilestiriimis ve Cezayir 140 35 Nex;;?argy
ilk alinan sipariglerle California, Texas ve Arizona’daki dort projede
1.630 MWe kurulu gl elde etmek lizere 35.000'den fazla Stirling Kuraymat, 150 30 '\;F:aEn'Lt\ /JgIECF
motorlu canak kurulacag ilan edilmistir. AB fonlarindan destekle- NS loan
nen EuroDish projesinde ise ¢anak basina 10 kWp seviyesine eri- Solar Mil-
silmis, Alman SBP firmasi tarafindan Avrupa’nin ve diinyanin pek THESEUS Buhar lenium, Flabeg
ok yerinde 50 kWp altinda ¢ok sayida demo/test Unitesi kuruldugu - Girit, 50 50 imi Solar Int,
oKy . 50__ . P A __9 v / i o o Yunanistan (il Fichtner Solar,
halde henliz blytik ticarf glines tarlasi asamasina gelinmemistir. OADYK
) ) ) . o RREC (Rajas-
CSP sistemlerinde temel Ar-Ge hedefi elektrik maliyetinin kisa va- than Renew-
dede 0,08-0,10 €/kWh, orta vadede 0,04-0,05 €/kWh mertebesine “H/',atdhatnia’ 140 30 a:'fthTfr)gy
Indistan uthori
indiriimesidir. Bunun igin kurulum maliyetinin 1000€/kWe degerini GEF gr;’m’
asmamasi gerekir. Bu baglamda Ar-Ge 6ncelikleri icin asagidakiler KfW loan
Onerilmistir [8]: Mapna /
Yazd / iran 467 17 Iranian Ministy
. of Energy
e Sistem otomasyonu
. o L . . Israeli Ministry
e Sistem calisma sicakliginin ve veriminin yikseltiimesi Buh ¢ National
5 aretim si i gelistifiimesi israil 100 100 uhar | o Mationa
e Dogrudan buhar Uretim sistemlerinin gelistiriimesi Cevrimi Infrastructure
e Gelismis enerji depolama sistemlerinin gelistiriimesi i St
o ileri modiiler sistemler italya 40 40 Buhar ENEA
B o . . Cevrimi
e lleri glines-hibrid sistemler (gece saatlerinde galisan biyogaz
e . . . Baja
veya diger yakitli sistem ile entegre sistemler) California
o Elektrik disi uygulamalar (su pompalama, desalinasyon vb.) Norte, 291 30 Ree
Giines enerijili kimyasal sistemler (ginko ekstraksiyonu, hidrojen Wit
tretimi, biyokiitle gazlastirma vb.) Ain Beni ONE / GEF
. i o i Mathar 220 30 grant, African
Imalat ve kurulum maliyetlerinin dusurilmesi Fos Development
Sistem émiir, givenilirlik, verim ve emniyetinin iyilegtirimesi Fund
Abengoa,
Tablo 1. Giines enerijisi sistemlerinin teknik ve ekonomik ACS-Cobra,
karsilastirmasi ) Buhar EHN-Solare-
Teknoloii . Verimi i Ispanya 12x50 12x50 Cevrimi nix, Iberdrola,
exnoojt Slsten: erimi Maks. Ik Enerji maliyeti HC-Genesa,
Tara (%) Cikis | Yatinm Solar Mil-
Ele- | Sicakhgi Mali- Elektrik | Isi1 ($/ lenium
ktrik st (0C) | veti($) | (s/kwh) | kwh)
Neveda, 50 50 SolarGenix
Dizlemsel } 50-70 80 250- : 0.0013- USA
Kolektor 1000 0.004
Merkezi
Parabolik 2800
Oluk 14 46 380 KWe 0.15 0.0053 Alicilar
: Abengoa
Parabolik 5000 . Buhar A
e 24 79 700 KWe 0.28 s ispanya 10+ 2x20 10+ 2x20 Cevrimi (Isgr;ﬁgﬁa)
Merkezi 3000 .
Alict 15 46 600-700 KWe 0.16 0.004 . Ergimis SENER
Ispanya 15 15 Tuz/ ispan
Tek Kristal | ., ) ) 6000 | (.9 ) buhar (Ispanya)
Silisyum kWe ’
Canak
Cok 6000
Kristal 10 - = KWe 0.29 - California, 8-canak,
Silisyum Texas ve 1.6 1.6 Stirling Tessesrggolar
Tek ince 5000 Ar. sistem
X 4 = = 0.25 o
Film kWe n
: Eurodish 6-canak, SBP and
Coklu Ince 7 : : 5000 0.04 } Demon- 0.1 0.1 Stirling Partners
Film kWe : strasyon sistem
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Sekil 6. Nevada Solar One parabolik oluk santrali — ABD

Kulesi — ispanya (sag)

(sol); PS 10 Gunes

o
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kizgin yag pompasi vasitasiyla, tiim kolektérler icerisinde dolagimi
saglanmaktadir. Gines isinlarinin yansitici aynalara gelerek odak
noktasinda bulunan vakumlu tiip icerisinde dolasan yag yuksek si-
cakhga ¢ikariimaktadir. Bunun sonucunda yliksek sicakliktaki yag,
basin¢ tankina girmektedir. Basin¢ tankinda bulunan serpantin
yoluyla tankta bulunan suya isisini vererek, suyun buharlasmasi
amaclanmaktadir (Sekil 9). Kolektérlerde dolasan yagin sicak-
liklarini élgmek icin basing tankinin giris ve cikis hattina sicaklik
sensorlari baglanmistir. Performans ve verim parametreleri igin
calismalar devam etmektedir.

Tablo 3. A.B.D.’de SEGS santrallerine ait degerler
Kurulus | Kurulum Net Yag e
Santral yih yeri tirbin Alan sicakhgi LU
n (MWh)
kapasitesi
1998
. - 2002
(MW) (m2) (°C) 1996 | (o
lama)
SEGS1 | 1984 | Daggett 14 82,960 | 307 | 19,900 | 16,500 .
SEGS2 | 1985 | Daggett 30 165,376 | 316 | 36,000 | 32,500 . o i
Sekil 7. Prototip sistemin CAD modeli
SEGS3 | 1986 K’jg‘e' 30 230,300 | 349 | 64,170 | 68,555
SEGS4 | 1986 K’J"C’I‘er 30 230,300 | 349 | 61,970 | 68,278
SEGS5 | 1987 K’j‘;‘er 30 233120 | 349 | 71,439 | 72,879
SEGS6 | 1988 K’j‘;‘er 30 188,000 | 391 71,409 | 67,758
SEGS7 | 1988 K’ﬁ{‘e' 30 194,280 | 391 70,138 | 65,048
SEGS8 | 1989 HS;E:’ 80 464,340 | 391 | 139,174 | 137,990
SEGS9 | 1990 H&’(’zr 80 483,960 141,916 | 125,036

3. Parabolik Oluk Kollektor Prototip Sistemi
3.1. Sistemin Tasarim Calismalari

Yogunlastiriimali glines enerijisi teknolojilerini gelistirme amaciyla,
SUNMAX BUTEM Metal Form Firmasinin katkilariyla {ic adet pa-
rabolik oluk kolektérden olusan bir deneysel sistem kurulmustur.
Prototip sistemin kurulum c¢alismalarindan énce, yansitici ayna
(reflektdr), vakumlu tip, destek mekanizmasi ekipmanlarinin CAD
ortamindaki cizimleri gerceklestirilip, asagidaki sekilde verilmistir
(Sekil 7). Parabolik oluk kolektdr prototip sistemi genel olarak,
yansiticl ayna (reflektdr), vakumlu tlp, destek mekanizmasi, kizgin
yag pompasl, genlesme tanki, basing tanki ve sicaklik sensorlarin-
dan olugsmaktadir.

Prototip sistemin gerekli ekipmanlari temin edildikten sonra montaj
islemleri yapilmistir (Sekil 8). Sistem icin asagidaki sekilde veril-
digi gibi U¢ adet parabolik oluk kolektér kullaniimistir. Kolektérler
arasinda sentetik yagin dolasimi icin yiksek sicakliga dayanikl
izolasyonlu paslanmaz celik borular kullanilmistir. Sentetik yagin,

Sekil 9. Kolektorler arasi baglanti (sol), kizgin yag pompasi ve basing tanki (sag)

4. Ozet Ve Sonuglar

Dinyada glines enerjisi sistemlerinin tasarlanip kullaniimaya bas-
landig1 150 yildan fazla sire iginde kazanilan tecriibe kisa ve orta
vadede CSP teknolojilerine yapilacak yatirimlar ve kurulacak tesis-
ler icin dlsik teknik ve ekonomik risk gdstermektedir. Halen KWe
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basina yatinm maliyeti yilksek bulunurken, California ve ispanya
demo tesislerinde 2003-2008 déneminde olusturulan isletme ve
bakim proseddrleri ile isletme maliyetleri %30 oraninda disuriimis
ekonomik duizeye inmistir. Bu asamada parabolik oluk ve heliostat
sistemler 5 saatlik enerji depolamasi igerdiginde (sanal) CO2 taka-
sl ile ekonomik olabilmektedir.

Yurdumuz agisindan distnuldigunde heliostat sistem gelistirmek
icin gereken bulyik ekonomik gui¢ yoktur. Canak/Stirling sistemleri
guvenilirligi kanitlanmis motorlarin ekonomik olarak temin edilebil-
digi sartlarda kurak bolgelerde anlamli bir alternatif olacaktir. Suan
Arizona ve California’da ¢alisan demo tesislerinin gelistiriimesi icin
20 yil ve yarim milyar USD harcandidi distnilirse, bu teknolojik
alternatif izerine de bastan baslayarak 6zgiin bir sistem gelistirmek
zordur. Gelecekte elektrik Uretimi ile desalinasyon iglevini birles-
tiren kojenerasyonlu tesislerinin tatli su kaynaklar kisith yerlerde
ekonomik yénden cazip olmasi beklenebilir ve tlkenin kisit Ar-Ge
kaynaklarindan bu yénde pay ayrilmasi anlaml gériinmektedir.

Diger yandan, parabolik oluk sistemler tasarimda 6lcek esnekligi
yaninda yurdumuzun giinesli gunleri en bol giiney boélgelerinde sis-
temi galigtiracak yeterli su kaynaklarinin bulunmasi da géz éniine
alinarak en cazip alternatif olarak gériinmektedir. Ekonomik fizibili-
te tesis buyUklugu ve kisa sureli enerji depolama yetenegdi yaninda
kurulum ve arazi maliyetinin en az indiriimesi ile elde edilebilecektir.
imalatinda agirlikli olarak konvansiyonel teknolojiler kullanildigi igin
parabolik oluk sistemlerinin yerli imkanlarla (PV’lere kiyasla) disik
enerji tiketilerek kurulmasi da Ulke agisindan toplam ekonomik ca-
zibeyi artirmaktadir. TUBITAK MAM Enerii Enstitiisiinde baglatilan
Ar-Ge calismalari glines takip sistemi ile de entegre edilerek siste-
min veriminin iyilestiriimesi Gizerine odaklanacaktir.
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Summary

Solar thermal power is a relatively new technology which has al-
ready shown significant promise. Producing electricity from solar
radiation is a straightforward process with collection and concentra-
tion by a range of concentrated solar power (CSP) technologies to
provide medium to high-temperature heat. The heat is then used to
operate a conventional Rankine cycle (with water vapor) or Stirling
or Brayton cycles (with gas). The major benefit of solar thermal
power is that it has little adverse environmental impact, with none
of the polluting emissions, noise or safety concerns associated with
the conventional power generation technologies.

The three most promising solar thermal technologies are the pa-
rabolic trough, the central receiver or solar tower, and the para-
bolic dish. Parabolic trough-shaped mirror reflectors are used to
concentrate sunlight on to thermally efficient receiver tubes placed
in the trough’s focal line. A thermal transfer fluid, such synthetic
thermal oil, is circulated in these tubes. Heated to approximately
400°C by the concentrated solar rays, this oil is then pumped thro-
ugh a series of heat exchangers to produce superheated steam.
The steam is converted to electrical energy in a conventional steam
turbine generator, which can either be part of a conventional steam
cycle or integrated into a combined steam and gas turbine cycle.
Parabolic dish shaped reflector is used to concentrate sunlight on
to a receiver located at the focal point of the dish. The concentra-
ted beam radiation is absorbed into the receiver to heat a salt bath
or directyly gas (helium or hydrogen) to approximately 750°C. This
gas is then used to generate electricity in a Stirling engine or a mic-
ro turbine, attached to the receiver. Central receiver (solar tower)
systems use a circular array of large individually dual-axis tracking
plain mirrors (heliostats) to concentrate sunlight on to a central re-
ceiver mounted on top of a tower, with heat transferred for power
generation through a choice of transfer media.

A parabolic trough system has been designed and installed at the
Energy Institute of TUBITAK MAM for performance testing and ma-
ximization. The receiver tube consists of a copper absorber with
selective coating and surrounded by a tempered glass envelope
with an anti-reflective surface. The glass envelope is used to insu-
late the copper absorber from convective and radiative heat loss,
and the air in between is evacuated to improve performance. The
set-up includes three static troughs connected in parallel and filled
with temperature resistant synthetic oil. The solar heat collected
by the oil is transferred to water to generate superheated steam in
a serpentine type boiler. The system is equipped with a number of
temperature and pressure sensors. The preliminary aim is to ma-
ximize the high temperature steam experimentally using this pro-
totype system. At the moment, experiments are being performed
to detail performance and efficiency parameters.
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GUNESKENT ANTALYA’YA DOGRU

Engin ERARSLAN
Antalya Blyuksehir Belediyesi
Temiz Enerji Koordinatorlugu
Koordinatér Yardimcisi

Ozet

Diinya ylizeyinde ayni paralel (zerinde bulunan yerler
incelendiginde, Antalya Glineskent olarak adlandirilan sehirlerden
olabilecek niteliktedir. Antalya Blyliksehir Belediyesi, Antalya’nin
taninmishigi, turizmi, tarimi, ticareti, hizmet sektdrindeki yeri ve
ulasim kolayliginin yani sira Guines enerjisi potansiyelininde én
planda olmasi icin projeler hazirlamaktadir. Bunlar; Glinesev—
Ekolojik Egitim Merkezi Projesi ve Glineskent Antalya Projesi’dir.
Ayrica, Antalya Bytksehir Belediyesi Imar Komisyonu'nun
yeni ingaat ¢alismalarinda kullaniimak (izere ydnetmelik tasarisi
hazirlanmistir.

Antalya Ekolojik Egitim Merkezi
Antalya, Tarkiye’nin ilk glines kenti, Antalya Ekolojik egitim merkezi
ise, Antalya’nin simgesi oluyor...

Yeni Yasam Kaynagi: Enerji

Binlerce yil, insanoglu topragin lizerinde karnini doyurdu, yasamini
bicimlendirdi. ik barinag, topraga tutunan agaclar oldu. ilk tekerle-
kler topragin tizerinde déndii. ilk bugday topraga ekildi, toprak ek-
mek oldu. Toprak ylizeyi insana hayat verdi. Ancak nifus arttik¢a,
teknoloji ilerledikge, topradin Uzerindeki kaynaklar yetmez oldu.
Artik bir sey daha gerekiyordu: Enerji. Topragin alti, en az topragin
Ustll kadar 6énemli hale gelmisti. Blyuk ve kalabalik diinyamizin
ihtiyaci olan bu enerji, petrol, kémir ve dogalgaz gibi fosil yakit
rezervlerinden karsilanageldi.

Diinyanin Gelecegi ve Temiz Enerji
Derken yasam veren enerji, verdiklerini yavas yavas geri almaya

basglad. Fosil yakitlar iklimi degistiriyor, dogal afetleri gézle gérulr
bicimde artiriyor, atmosferi kirletiyordu. 21. ylzyihn baslarinda,
insanlarin ne zaman isinacagina, aydinlanacagina, yemeginin
pisirilip pisirilemeyecegine, sinirli fosil yakit rezervlerini barindiran
Ulkeler adina, “birileri” karar veriyordu. Fosil yakitlar, ‘disa
bagimliligr'da beraberinde getirmisti.

Tek ¢ézlim, “temiz ve yenilenebilir’” enerji kaynaklariydi.

Fisi Glinese Takmak..

Dinyamizin enerji ihtiyact her yil yaklasik % 4-5 oraninda
artmaktadir. Buna karsilik su anda bu ihtiyaci karsilayan fosil-yakit
rezervi, cok daha hizl bir sekilde azalmaktadir. En iyimser tahmin-
lere gore bile, en ge¢ 2030 — 2050 yillari arasinda petrol rezervleri
blyUk 6lcide tikenecektir. Kémir ve dogal gaz icin de benzer bir
durum s6z konusudur.

Fosil yakit rezervlerinin bitmesini beklemeden temiz eneriji
kaynaklarina yénelmek zorunludur. Bu nedenle, tikenmeyen en-
erji kaynaklari (giines, riizgar, su ve biokutle gibi) cok kisa bir sure
icinde 6nem kazanacaktir.

Tirkiye’de Neler Oluyor

Turkiye, glines ve riuzgar bakimindan oldukga zengin bir Ulkedir.
Turkiye’nin AB uyum yasalarini ¢ikarmakta oldugu su gunlerde
cok kisa bir stre sonra hiikiimetin giindemine gelecek bu konular,
maalesef Turkiye’de taninmamakta ve dinyadaki gelismelerin cok
gerisinde kalmaktadir.

Antalya BuyUksehir Belediyesi ile Temiz Dunya Ekoloji Platformu
ortakligiyla gerceklestirilecek Antalya Ekolojik Egitim Merkezi,
Turkiye’de de konseptini kullanan 6ncli uygulamalardan biri
olacaktir. Projenin temel vurgusu, konutlarda ekolojik yaklasimlarin
temiz enerji kaynaklari ile birlikte kullaniminin orta ve uzun vad-
ede hem son kullanici hem uygulayici hem de Ulke i¢in ylksek
ekonomik kazang getirmesi, ve bunun yayginlasmasinin da bilingli
egitim yolu ile mimkin olacag gercegidir.

Antalya Ekolojik Egitim Merkezi Nedir?

Yaklasik 11 bin m? arazi icinde elektrik enerjisini giinesten, suy-
unu yeraltisuyundan ve yagmur eleme sistemlerinden karsilayan,
blinyesinde serasi olan bir sistemdir.
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Atatlrk Bulvari ile Dumlupinar Bulvar’'nin kesiminde yer alan kdse
kavsakta olacak olan Gunesev-Ekolojik Egitim merkezi, herkesin
rahatlikla ulasabilecedi mekan olarak tasarlanmaktadir.

SOLAR FUTURE 2010 BILDIRILER KIiTABI

Merkezin icinde Neler Var?
Kapali alanlar (EkoEv):
D Egitim merkezi (seminer salonu)
D Laboratuar birimi,
) Kafe,

D Y6netim birimi

Bahce:

D Giines enerjisiyle calisan mini arabalar ve bisikletlerin dolastigi

bir parkur,
D Ydruyls parkuru,

D Araziyi gevreleyen ve dogal sit olan kanyonlarin izlenebilecegi

seyir teraslari,

Ekoev’in Ozellikleri

D Sebeke elektrigine bagli olmayacak, tiim elektrik ihtiyacini glines
ve rlizgar enerjisinden elde edecek.

D Sebeke su sistemine bagli olmayacak, tim su ihtiyacini yagmur
ve havadaki nemi toplayarak saglayacak.

D TUm aydinlatmasi ézel tasarruflu LED sistemi ile yapilacak.

D Tum elektrik tiketimi A+ sinif elektrikli aletler kullanilarak mini-

mize edilecek.

PROCEEDINGS BOOK

D Dogalgaz-LPG-kémir vb. aktif isitma sistemi olmayacak; tim
talep, pasif iklimlendirme ve glines mimarisine ek olarak ylUksek
verimli glines kolektorleri ile kargilanacak.

D 240 metrekarelik alan Uzerinde modern ahsap karkas sis-
temi ile yapilarak, depreme karsi saglikli ve giivenli bir model
olusturulacak.

D Hem LEED, hem BREEAM sertifikasi alinacak.

Kim Kullanacak? 3 U™

D Antalya halki, 6zellikle

Ogrenimi stren ¢ocuk

ve gencler, o
Antalya'y ziyarete ge- I

len yerli ve yabanc i
turistler, . e

¥ ir " ~ -\.\

Yenilenebilir ~ ener- s BIESEICS -

jiler Gzerine arastirma ; 7 e Jil-Lq. |
yapmak isteyen ku- . el -
rumlar,

Antalya  Bulyuksehir
Belediyesi B . e
Sivil toplum 6érgutleri A - iy
Kamu kuruluglar }

Glineskent Antalya =, Ll
Antalya Buyuksehir Be- ' A
lediyesi'nin  Antalya’yl
Guneskent yapma calig- ol k |
malarinda su amag¢ ve

hedefler konmustur;

i
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Amag;

D Antalya’yr Giines Enerjisi Gretim merkezi haline getirerek érnek
kent yapmak,

Kuresel Isinmayi azaltmak, ¢evreyi korumak ve Turkiye'nin
Dinya’daki algisini degistirmek,

Turkiye’de egitim ve bilinclendirmeyi saglamada, diger kentlere
onder olmak,

Antalya kentinin cazibesini ciddi boyutta attirarak, insanlarin
yasam kalitelerini yukseltmek,

Enerjimizin bagimsizlastiriimasini saglamak

Hedef;

» 3 yil icinde buyuk kapasiteli Glines Sistemlerinin kurulmasinin
planlanmak,

Karbon salinimini azaltmak,

LEED (Leadership in Energy and Environmental
Sertifikasi’'nin proje dénemi igerisinde saglamak,
Antalya’yr dinya’da GES (Gunes Elektrik Santali) konusunda en
taninan ilk 10 sehir icine sokmak,

Antalya’ya, Diinya’daki GES ile saygin 6dillerden en az 3 adet
kazandirmak,

Design)

Antalya Biiyiiksehir Belediyesi Giines Eneriisiile ilgiliimar

Komisyonunun imar Yénetmeligi Taslagi Calismalari

(1) 2 ve daha fazla katli tim yapilarin merdiven aydinlatmalari

glines enerjisinden elektrik Uretim sistemlerinden elde edilen

elektrikle saglanacaktir.

Birimar ada yada parselinde 1’den fazla yapi bulunmasi halinde

bahce, glines enerjisinden Uretilen elektrikle aydinlatilacaktir.

Konut Tipi Sitelerde, Tek katl, dublex yada triplex yapilarda

kullaniimak Uzere, en az 500 Watt kurulu glice sahip gunes

enerjisinden elektrik Uretim sistemleri kurulacaktir.

(4) Turistik Tesis ve Otel projelerinde Belediye ruhsatli otellerde en
az 1 KW’lik kurulu guig, Turistik Otel tesislerinde Otellerin yildiz
sayisina gére kurulu glice sahip giines enerjisinden elektrik
Ureten sistemler kurulacaktir.

(5) Akaryakit servis istasyonlarinda, en az 1 KW’lik kurulu giice sa-
hip glines enerjisinden elektrik Gretim sistemleri kurulacaktir.

(6) Ozel hastanelerde, is merkezlerinde toplam insaat alani iginde
ilk 1000 m?'lik ingaat alani i¢in 500 Watt, sonraki her 1000 m?lik
insaat alanlari i¢in de ilave 500 Wattlk kurulu giice sahip gunes
enerjisinden elektrik Gretim sistemleri kurulacaktir.

@

~

Summary

While searching the places on the same parallels on the earth, An-
talya has the qualification for the one of the cities named as “Solar
City”. Antalya Metropolitan Municipality is preparing the projects for
the ease of transportation of Antalya, its place in serving sector, its
trade, its agriculture, its tourism and its well-known, beside these
keeping the Solar Energy potential ahead. These are Solar House
the Project of Ecological Education and Solar City Antalya Project.
Also, the regulation draft to be used in new building works of Zone
Commission was prepared.

What Is Antalya Ecological Education Center?
It's a system placed in the approximately 11 thousand meter —
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square- area and having its electricity from sun, water from ground
water and rain elimination systems and having its own green-
house.

Solar House-Ecological Education Center would be placed in
the corner cross roads in the cross line of Ataturk Boulevard and
Dumlupinar Boulevard will be conceived to be easy to be reached
by everybody.

What Are These In The Center?
Closed Areas (Eco House):

D Education Center(Seminar Saloon)
) Lab. Department

) Cafe

» Management Department

Garden:

D A course having the mini cars and cycles starting with Solar
Energy

» Walking Course

D The Watching Terraces where the canyons that are naturally
protected around the area can be watched

Solar House Antalya
The purposes and the aims of this project is:

Aims;

D To make Antalya as a sample city by making it the Solar Energy
Production Center

To decrease global warming, to keep environment and to change
the conscious of Turkey in the world,

To be the leader of the other cities in education and making con-
scious in Turkey,

To increase Antalya’s attractiveness and the people’s living con-
ditions,

To supply our energy independent.

Purpose;

D To plan the construction of huge capacity Solar Systems in 3
years,

D To decrease the carbon release,

D To supply the certificate of LEED in the term of Project,

D To make Antalya one of ten cities well-known about GES( The
Central of Solar Electricty) in the world,

D To make Antalya win at least 3 awards with GES in the world,

The Works Of Zone Regulation Draft Of Antalya Metro-
politan Municipalty Zone Commision About The Solar
Energy

(1) The stairs’ brightening of all of the constructions with 2 and
more roofed is going to be held with the electricity having from
Solar Energy Electricity Production Systems.

(2) Inthe event of 1 or more building in a zone block or parcel, the
garden is going to be brightened with the electricity produced
Solar Energy.

(3) The electricity producing systems with at least 500 Watt are
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going to be built up in the dwelling complexes, one roofed, dou-

blex or triplex constructions.

(4) Inthe projects of touristic complexes and hotel municipality cer-
tificated hotels, according to their star number, the use of their
electricity produced by Solar Energy; per-star 1 KW energy.

(5) In the fuel oil serving stations, the electricity production sys-
tems are going to be built up from the Solar Energy of 1 KW

power

(6) The electricity production systems are going to be built up from
the 500 W powers for the first 1000 m? construction area and
for the following 1000 m? additional area 500 W power-solar
energy is going to be set up in the construction area of private

hospitals, working centers.

Kaynakca

Antalya Bulyulksehir Belediyesi, Antalya Ekolojik Egitim Merkezi

Tanitim Brosuri
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GUNES iZLEYEN SISTEMLER VE BILESENLERI

Taner YILDIRIM
TUBITAK Marmara Arastirma Merkezi, Eneriji Enstitiisii

Orhan KUTUK
TUBITAK Marmara Arastirma Merkezi, Eneriji Enstitiisii

Mehmet Ali CIMEN
TUBITAK Marmara Arastirma Merkezi, Eneriji Enstitiisii

Erkan ELCIK
TUBITAK Marmara Arastirma Merkezi, Eneriji Enstitiisii

Ozet

Glnes izleme sistemleri glines i1sinlarindan faydalanma oraninin
aktif olarak ytliksek tutulmasi amaci ile yapilmis sistemlerin tama-
mina verilen genel isimdir. Glines izleme sistemleri gtines i1si1 d6-
nustimu sistemlerinde, PV sistemlerinde ve guin 1sigi ile aydinlatma
projelerinde kullaniimaktadir.

PV sistemleri ile Uretilen elektrigin sebekeye verildigi durumlarda
glines izlemeli sistemlerin sabit sistemlere nazaran daha kararli ol-
masi ¢cogu yenilenebilir enerji kaynaginda oldugu gibi giines ener-
jisi icin de bir problem olan devamlilik zaafinin azaltiimasina yar-
dimci olmaktadir. Glines izleme sistemleri yillik olarak %35’e varan
enerji Uretim verim artisi saglamaktadir. Verim degerleri mevsimle-
re gbre farklilik géstermekte; ézellikle kis aylarinda gtines izlemeli
sistemlerin verimleri sabit sistemlerin verimlerine gére daha yliksek
olmaktadir.

Glines izleyen sistemlerin ticari kullaniminin yayginlasabilmesi igin
bu sistemlerin gtinesten elde edilen toplam enerjiyi artirmasinin
yani sira dayanimlarinin yiikseltiimesi ve maliyetlerinin dtsdrtime-
si gerekmektedir. izleme sisteminin tiikettigi enerjinin, saglayacagi
enerji artiminin %2-3'( oldugu dtstnliltirse bu sistemlerin 6zellikle
buytk gtines panelleri veya 1s1 déntisiim sistemlerinde kullaniimasi
uygun olacaktir. Dolayisiyla, izleme sistemlerinin tasariminda gtic
tuketimi 6nemli bir kistas olarak dikkate alinmalidir. Bu bilgiler 151-
Jinda glines izleyen sistemlerin tasarimi mekanik ve elektronik ola-
rak iki kisimda incelenebilir. TUBITAK Marmara Aragtirma Merkezi
Enerji Enstittisi blnyesinde mekanik konstriksiyon, kontrol sistemi
tasarimi ve elektronik donanimi (zerinde calismalar ydrcitliimek-
tedir.

Bu yayinda gtines izleyen sistemlerin PV enerji lretiminde sagladi-
g1 performans artinmlari sunulacak; giines izleyen sistemlerin farkli
calisma yapilari incelenecektir. Bu inceleme sonucuna gére tasa-
rim ve imalati gerceklestirilen elektromekanik glines izleme sistemi
“gline bakan” (izerinde astronomi ve algilayici bilgilerini degerlen-
diren gesitli kontrol yontemleri sinanacaktir. Elde edilen en uygun
kontrol algoritmasi ve donanim konfigirasyonu belirlendikten son-

Sinan UNAN
TUBITAK Marmara Arastirma Merkezi, Eneriji Enstitiisii

Seref Naci ENGIN
TUBITAK Marmara Arastirma Merkezi, Enerji Enstitlist

Mustafa TIRIS
TUBITAK Marmara Arastirma Merkezi, Eneriji Enstitiisii

ra endstriyel blcekli gtine bakan sistemleri gelistirilecektir. Elde
edilen tiim sonuglar TUBITAK Marmara Arastirma Merkezi Enerji
Enstitiisti blinyesinde devam etmekte olan guines izleyen sistemler
ve bilesenleri lizerinde yapilmakta olan calismalar ¢ergcevesinde
sunulacaktir.

Anahtar Kelimeler: Yenilenebilir enerji, gtines enerjisi, PV sistem-
ler, glines izleme sistemleri

1. Girig

Bu yayinda giines izleyen sistemlerin PV enerji tretiminde sagla-
dig1 performans artirmlar sunulacak; giines izleyen sistemlerin
farkli calisma yapilar incelenecektir. Giris béliminde glnes iz-
leyen sistemlere olan ihtiyac irdelenecek, farkli teknolojilere sahip
glnes izleyen sistemler karsilastirilacak, gunes izleyen sistemlerin
kullaniimasi ile PV enerji Gretiminde elde edilebilecek performans
artinmlari sunulacaktir. ikinci bélimde ise TUBITAK Marmara
Arastirma Merkezi Enerji Enstitisii blnyesinde devam etmekte
olan bir glines izleyen sistemin gelistiriimesi ¢alismasi hakkinda
bilgi verilecektir.

1.1. Giines izleme Sistemleri ile Daha Etkin Faydalanma
Gunes izlemesi yapilirken kuramsal olarak kazang ¢ok ylksek gibi
goériinse de, pratik uygulamalarda kazan¢ sadece tatmin edici du-
zeydedir. Genellikle izleme sistemleri yillik olarak en az %33 gibi
bir enerji Uretim verim artisi saglar [1]. Tabii bu deger tek veya cift
eksende izleme yapilmasi ve sistemin izleme icin ne kadar ener-
ji harcadigina, meteorolojik sartlara, kullanilan PV tirine, diinya
Uzerinde bulunulan konuma goére degisiklikler géstermektedir.

Sekil 1°de goruldugu gibi glines 1sinlarinin dinyaya gelis agisi iki
etkenle degismektedir. Bunlardan ilki dinyanin kendi ekseni etra-
finda dénmesinden dolayi glnes isinlarinin gln icerisindeki gelis
agilarinin degismesidir. ikincisi ise diinyanin gines etrafinda dé-
nusl sirasinda gines isinlarinin gelis agisidir. Bu a¢i mevsimsel
olarak degismektedir. Bu nedenle bu iki degisimi de dogru olarak
takip etmek gerekir. Takip edecek sistemin en az iki eksende hare-
ket ediyor olmasi gereklidir.
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1.2. Farkl Giines izleme Sistemleri

izleme sistemleri calisma prensiplerine gére lge ayrilabilir. Pasif,
algilayicili ve astronomik veriler ile izleme. Pasif izleme sistemleri
ayni zamanda akigkanli sistemler olarak da adlandiriimaktadir. Bu
sistemlerde hi¢ bir elektronik eleman veya motor kullaniimamak-
tadir. Borular icindeki akiskan giines isinlari ile i1sinarak genlesir,
genlesen akiskan pistonlari hareket ettirir ve glines izlemesi yapilir.
Genellikle akigkan olarak freon kullanilan sistemlerde, cok hassas
bir izleme gerceklestirilemese de, izleme igin gereken enerji glines-

ten saglandig i¢in avantajlidir [5].

1.2.1. Algilayicili izleme sistemleri

Pasif izleme sisteminin disinda kalan diger iki sistem izlemelerini
elektronik olarak gerceklestirir. Algilayici olarak LDR, LED, foto di-
yot kullanilabilecegi gibi kiigcik bir PV de kullanilabilir. Algilayicili
sistemlerde, 15131n siddetine duyarli algilayicilar uygun sekilde ko-
numlandirilir. Bir elektronik karsilastirici devre algilayicilarin uret-
tigi sinyalleri birbirleri ile kiyaslar. Isik siddetinin fazla oldugu yéne
dogru yénelim motor yardimiyla saglanir. izleme dogrulugu algila-
yicl hassasiyeti ve elektronik devre ile ayarlanabilir. Bu sistemlerde
0,5°-1° dogruluk elde etmek mimkuindur. Yuksek dogruluk ézellikle
glnes-1s1 doénlsumlerinde odaklama prensibi ile ¢alisan sistemler
icin 6nemlidir. PV’ler i¢in ise 1°lik dogruluga gerek duyulmaz.

Algilayicili sistemlerde 1sik siddetleri birbirleri ile kiyaslandidi icin
disik 1sik siddetlerinde bile izleme devam eder. Bu hem olum-
lu hem de olumsuz bir ézellik olabilir. Gin dogumu, gin batimi,
yagmur, kar, sis gibi durumlarda sistem dogrudan gelen isinim ne
olursa olsun, en ¢ok isinim gelen yéne dénme egilimindedir. Bu
da en yuksek enerji Uretimini saglasa da, en ¢ok isik gelen yénin
bulunmasi i¢in sistemin tarama durumunda kalmasini ve izleme
icin motorun daha ¢ok enerji harcamasi anlamina gelir. Uzun sireli
yagislarda ve ¢ok bulutlu giinlerde sistem Urettiginden daha fazla
enerjiyi kendisi icin harcamak zorunda kalabilmektedir. Buna ek
olarak ise, az bulutlu ginlerde, hem dogrudan gelen isinim, hem de
bulutlardan yansiyan isinimlar ile 1300 — 1400 W/m?lik degerlere
ctkan isinim siddetlerinde hassas izleme sayesinde PV’nin katalog
degerleri bile asilabilmektedir. Bu duruma “Eye of Cloud” etkisi de-

nilmektedir [3].

Tek eksende izleme yapan ¢ogu izleme sistemi, dogu bati eksenin-
de izleme gerceklestirirken giines yikseklik agisini sabit tutmakta-
dir. Bunun sebebi Turkiye igin yukseklik agisi sadece 72° degisir-
ken, dodu bati ekseninde 240°’lik bir degismenin olmasidir.

1.2.2. Astronomik veriler ile izleme

Astronomik verilerle izleme sistemleri algilayicili sistemler ile ben-
zer prensipte caligir ancak, motorlarin hareketi icin gereken sin-
yal algilayicilardan gelen sinyallerin kiyaslanmasi sonucu degil,
bir algoritma tarafindan Uretilir. En buylk artisi, dogrudan giines
isinimlarinin sogurulmasi igin istenilen hassasiyette izleme yapa-
bilmesidir. izleme icin kullanilan program istenirse 0.01°, istenirse
25° hassasiyet ile dogrudan gelen isinimlari, hem de gunesi hi¢
gérmeden, algilamadan yapabilir. En blyuk eksisi ise, dolayl isi1-
nimlari algilamak mimkin olmadigi i¢in bu isinimlari bilingli olarak
degerlendirmek mumkin degildir. Yani “Eye of Cloud” etkisi oldugu
durumda algilayicili sistemlere gbre daha az verim saglamaktadir.
Ancak unutulmamalidir ki “Eye of Cloud” etkisi kisa surelidir ve ar-
dindan bulutluluk durumuna girilmesi muhtemeldir.

1.3. Giines izleme Sistemlerinin Kiyaslanmasi ve incelenmesi
Astronomik verilerle izleme sistemlerinde gelistirilecek bir yazihm
ile sistemin kullanilmak istendigi yer icin glinesin yil boyu konu-
munun bilinmesi ve programa eklenmesi, astronomik verilerle ya-
pilacak izleme icin yeterlidir. Algilayicili sistemler cok hassas bir
sekilde guinesi izledikleri icin motora fazla dur/kalk yaptirmaktadir.
Bu da astronomi degerleriyle yapilan izlemeden daha fazla enerji
tiketimine yol agmaktadir. Sekil 2'de gines isinlarinin gelme agi-
sina gore faydalanma miktari érnekleri verilmistir.
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Sekil 2 Gines isinlarinin gelme agisina gére faydalanma oranlari

Astronomi verileri ile yapilan izlemelerde 15%lik hassasiyet deger-
lerini elde etmek mimkiindur. Bu hassasiyet PV sistemleri icin ye-
terlidir. Kosinus 15° degeri bize 1sinimdan faydalanma oranini verir,
bu da 0,966’dir. Yani 15° hassasiyetle izleme yapan bir PV sistemi
glnes i1sinimlarindan %96,6 veya daha fazla oranda faydalanacak-
tir. Sistemin az hareket etmesi demek, az enerji tiketmesi anlami-
na geldiginden sistemin genel veriminin artmasini saglar.

Algilayicili sistemler 6zellikle yagmurlu havalarda tarama durumu-
na gelerek, hangi ydonde is1gin daha fazla oldugunu anlamak amaci
ile hareket etmekte, yani fazladan enerji tiketmektedir.

izleme sistemlerinin kurulumu asamasinda algilayicili sistemler,
kolay kurulumlari sayesinde, rahatlik saglamaktadir. Astronomik
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deger ile izleme sistemlerinin gliney degeri kurulum sirasinda dogru
olarak ayarlanmalidir. Ayrica kurulumun ardindan sisteme enlem,
boylam, saat, tarih bilgileri dogru sekilde giriimelidir. Aksi durumlar-
da izleme diizguin bir sekilde yapilamayacaktir. Buna karsin algilayicil
sistemlerde kurulum rahatlikla yapilabilir, teknik olarak dikkat edilmesi
gereken bir bilesen yoktur, sistem glineyin neresi oldugundan, saatin
ve tarihin degisiminden bagimsiz olarak ¢aligmaktadir.

Algilayicili sistemlerde, algicinin zedelenmesi, bozulmasi duru-
munda sistem artik diizgun olarak calisamayacaktir. Algicin Gsti-
nin tozlanmasi, pislenmesi olasi durumlardir. Ayni zamanda, ki-
yaslanan algilayicilarin 6zdes olmamasi sistemde surekli hatalara
yol acabilir.

1.4. Giines izleme Sisteminin Sabit Sistem ile Kiyaslanmasi

1.4.1. Ticari sistem verileri

Deger Energie firmasinin izleme sistemlerinin  kullanildig
Almanya’daki Solar Park Horb’dan enerji tretim degerleri internet
Uzerinden yayinlanmaktadir [2]. Sekil 3'te bir gun icerisinde opti-
mum ag! ile sabit yerlestirilmis bir sistem ile glines izleyen esdeger
iki sistemin karsilastiriimasi verilmistir [3].
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Sekil 3. Gunesli bir yaz glininde sabit sisteme gore izleme sistemi ile fay-
dalanma orani degisimi [3]

4

Sabit sistem kesikli ¢izgiler ile gésterilmistir. 12 adet 150 Wp’lik PV
panel taslyan cift eksende algilayici yardimli izleme gerceklestiren
bir sistem ile sabit konumlandiriimis bir sistemde Uretilen enerjiler
arasinda %50’den fazla farkin oldugu giinler mevcuttur. Sistem ile
elde edilen degerlerin iki yillik toplamina bakildigi zaman ise izleme
sistemi % 39 civarinda bir artis saglamaktadir.

1.4.2. Kuramsal ve olasi degerler

JRC (European Comission Joint Research Center), Avrupa gene-
linde giines enerjisi 6lctimleri almakta olan bir kurumdur. Tirkiye'de
de 4 ana merkezde o6l¢climlerini gerceklestirmektedir. Ayrica hava
durum raporlari, uydu gérlntileri yardimiyla yaptigi modelleme
yoéntemi (PVGIS) sayesinde bitin Avrupa’nin gines enerjisi yo-
gunlugunu istenilen diklik acisi degerlerinde verebilmektedir.[4]
Sekil 4'te farkh diklik agisina sahip ylzeyler Gzerine dizen gines
enerjisi renkli olarak verilmistir. (A) kisminda yerytziine dik konum-
landiriimis, yani 90° diklik acisindaki yuzeyler icin glines enerijisi
yogunlugu ve %75 elektriksel ¢evrim ve aktarim verimine sahip
PV’ler icin kurulu gl¢ basina elektrik Gretim orani gérinmektedir.
Benzer sekilde (B)'de ise 0° diklik acisindaki, yani yeryliziine para-
lel yuizeyler icin harita gérinmektedir. (D)’de yillik verilere (en yuk-
sek yillik elektrik Gretimi icin) gore en iyi diklik agisi igin konumlan-
dinlmis (guneye donuk) ylizeyler icin harita gérinmektedir. Burada
30° Turkiye ortalamasidir, ancak haritanin tamami yerel en iyi diklik
acisi icin yapiimistir. Seklin (C) kisminda ise cift eksende izleme
sistemine sahip yuzeyler icin harita verilmektedir.
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Sekil 4. Turkiye geneli icin glines enerjisi yogunlugu haritalari [4]

2. TUBITAK MAM Eneriji Enstitiisii

Giines izleme Sistemi Calismalan

TUBITAK Marmara Arastirma Merkezi Enerji Enstitiisti biinyesinde
gerceklestirilen glines izleme sistemi tasarim calismalari mekanik
ve kontrol olmak uzere iki bélimde incelenecektir.

2.1. Mekanik Tasarim

Glnes izleyen sistemin mekanik yapisi, iki eksende harekete ola-
nak saglayacak sekilde tasarlanmistir. Konstriksiyon tasarlanirken
yapinin tasiyacagdi yukler hesaplanmis ve bu hesaplar isiginda
eyleyiciler secilmistir. Panel tasiyici sistemine etki edecek yukler
sOyle siralanabilir;

D Panel agirhgu,

D Paneli tagiyacak cergeve sisteminin agirligi

D Kar yuku

D Rizgar yuku.

Glnes izleyen sistemin mekanik yapisi olusturulurken 6ncelikle pa-
nel sayisi dikkate alinmistir. Yaklagik 1 kW maksimum elektriksel
guice sahip bir sistem olmasi distunulmustir. 85 W gtice sahip PV
paneller kullanilacagindan sistemin tasiyacagi panel sayisi 12 ol-
maktadir. Panellerin agirliklari ise panel basina yaklasik 13 kg'dir.
Kullanilacak 12 adet panelin toplam agirligi 156 kg olmaktadir. Cer-
ceve agirhgi ise 154 kg'dir.

Kar yuki hesabi asagidaki baginti ile hesaplanmaktadir;

o —30°
40°

(1) ile verilen denklem; glines izleme sisteminin kurulacagi Gebze
bolgesi dikkate alinarak hesap edilmistir. Gebze yaklasik 40° para-
lelinde bulunur. Sonbahar ve kis aylarinda (23 Eylul, 21 Mart) panel
acisi (yer duzlemine gére) minimum 40° olmaktadir. 40° egim icin
m=0,75 olur. Gebze boélgesindeki (3. bolge) zati kar yiki degerinin
(P,, ) belirlenmesi gerekir. 3. bolge ve 200 metre rakim igin zati kar

m=1-

(1)
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yuku (P, ) 0,75 kN/m2 olmaktadir [6]. P, kar ylUki degeri ise 0,56
kN/m2 olur. Panel boyutlarinin 0,6m x 1,2m oldugundan toplam pa-
nel alani 8,64 m2 olur. Bu durumda panel yere paralel halde iken
gelecek kar yukl 4,86 kN olur.

Panel sistemine etki edecek bir diger yuk ise rizgardir. Ruzgar
yuku

w =C,- q (kN/m?) 2)

bagintisi ile hesaplanir. (2) denkleminde;

q = Riizgar basinci kN/m?

Cp = Emme katsayisi

C,, dikkate alinan yiizey igin gesitli esis yonine bagli olarak belirle-
nir. Rizgar basinci, etki yizeyine dik olarak etki eder.

Tablo 1 Yiikseklige bagh olarak rizgar hizi ve emme
Zeminden Rizgar Hizi Emme
Yukseklik v q

m m/s (kN/m2)
0-8 26 0,5
9-20 36 0,8

21-100 42 11
>100 46 1,3

Zeminden 0-8m ylkseklikte ve 28m/s (100 km/saat) riizgar hizi igin
emme degeri g=0,5 kN/m? olmaktadir. Kapali olmayan yapi ele-
manlarinda riizgar yénine dikey ylzeylerde Cp katsayisi yaklasik
1,2 olmaktadir. Bu durumdaki rlizgar yiki w=0,6 kN/m? olur. Pa-
nelin yer diizlemine dik oldugu durumda sistem Uzerine gelecek
maksimum rizgar yiki 5,18 kN olmaktadir.

J Yitkseklk
Lgis
N

zimut Acisi

3 T B

Sekil 5- ki eksenli glines izleme sistemi yapisi

Toplam dikey yiku olusturan yukler panel kitlesi 1,43 kN (156 kg),
cerceve sistemin ktlesi 1,4 kN (154 kg) ve kar yuku 4,86 kN'dur.
Buradan toplam dikey yuk 7,69 kN olmaktadir. Dikey gelecek bu
yuklere bagli olarak eksen hareketlerini saglayacak rulman segim-
leri yapilmigtir. Panel yukseklik acisini ayarlamak icin kullaniimasi
gereken yataklama sisteminin 7,69 kN kutleye dayanmasi gerek-
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mektedir. Sistem tasariminda 52,7 kN dinamik ylik dayanimina sa-
hip yatakli rulmanlar kullaniimigtir.

Sekil 6- Glnes izleyen sistem (gline bakan)

Panelin dénls hareketini vermek igin lineer eyleyici kullaniimigtir.
PV paneller ve gergeve sisteminin agirlik merkezi dénme eksenin-
den 70 mm uzakliktadir. Panel agirliklar, cerceve agirligi ve kar
yukinin dénme eksenine gore olusturacagr maksimum déndirme
momenti;
olmaktadir. Kullanilacak eyleyicinin olusturacagi momentin bu de-
gerden biyik olmasi gerekmektedir. Bu nedenle 5400 N dinamik
itme kuvvetine sahip eyleyici panel lizerine déndirme merkezinden
0,65 m uzaga yerlestiriimistir. Panelin yer diizlemine dik oldugu du-
rumda eyleyici ile panel dizlemi arasinda minimum 13° agi olus-
maktadir. Bu halde iken eyleyici olusturacag! déndiirme momenti;
olmaktadir. Eyleyicinin uzama hizi ise 5.2mm/sn’dir. Eyleyicinin pa-
nel tzerindeki maksimum calisma deplasmani 400 mm oldugundan
yaklasik 77 saniyede paneli 90° déndirmektedir. Rizgar yukinin
panel ylizeyine esit dagildigi varsayilirsa eyleyici Uzerine riizgar
yuku gelmeyecektir, ancak direk tzerinde rizgar yiku olusacaktir.
Panel sisteminin azimut dénustniin saglanmasi icin ikinci bir dén-
me ekseni gerekmektedir. Bu amacla panel sisteminin tasiyici
direkle birlesme noktasina ikinci bir ddnme ekseni yapiimistir. Bu
dénme ekseni Gzerine hem radyal (riizgar ylki) hem de aksiyal
(panel agirhgr ve kar yikd) yikler binmektedir. Bu amagla dénme
ekseninde 117 kN dinamik yik dayanimi saglayan konik rulmanlar
kullaniimistir. Ddnme hareketini saglamak amaciyla sonsuz vidal
rediktor ve firgali DC motor kullanilmistir. Rediktor gevirme orani
1/930, motor 1000 dev/dak ve motor giici 150 W’dir. Reduktor mil
momenti 400 Nm civarindadir, mil hizi ise 1,07 dev/dak civarinda
olacaktir. Panel sisteminin bir giin icerisinde sadece yarim tur do-
necegi duslnildiginde bu devir sayisi yeterli olacaktir. Sonsuz
vidali rediktér kullanilmasi sebebi ise panelde isteniimeyen do-
nuslerin dnlenmesidir (elektrik motoru ¢alismadigi stirece rediktor
¢ikis milinden gelebilecek déndiirme momentleri sonsuz vida diize-
neginden dolay! dénus olusturmayacaktir). Ayrica sistem eylemsiz-
liginden kaynaklanabilecek asimlarda engellenmis olunacaktir.
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2.2. Sensér sistemi

izleme sistemi igin gelistirilen sensér sistemi, optik algilayici gru-
bu ve elektronik donanim kismindan olugsmaktadir. Optik algilayici
olarak LDR’ler (Light Dependent Resistor) kullaniimistir. Sensér
bagimsiz bir Unite olarak galisabilecek 6zellikte olup glines konu-
munu ve panellerin o anki agisini 8lcim merkezi kontrol Unitesine
Endustriyel ¢cok noktali haberlesme protokolleriyle gdnderebilmek-
tedir. Bu sayede sensér unitesi her izleme sistemi icin ayri ayri kul-
lanilabilecegi gibi birden fazla sayida glines agaci icin tek sensér
kullanimina da imkan vermektedir.

2.3. Kontrol Sistemi Tasarimi

Gelistirimekte olan sistemde karma kontrol yéntemleri kullaniimak-
tadir. GPS’ten okunan konum ve saat bilgisi ile dncelikle konum bil-
gileri ilklendirilmekte ardindan donanimda bulunan gercek zamanl
saat periyodik olarak guncellenmektedir. Bdylece yaklagik 1ps’lik bir
hassasiyette zaman bilgisi elde ediimektedir. Senkronlanan tarih ve
zaman bilgisi ile tarih ve zaman tabanli algoritma ¢alistirilarak uygun
azimut ve yukseklik acisi hesaplanmaktadir. Algilayicili sistem ise
bu aginin +5° etrafinda aktif hale gelerek zaman ve konum tabanl
algoritmada kullanilan yaklasik denklemlerden ve élgme hatalarin-
dan kaynaklanan yanilsamayi minimuma indirecek sekilde panelleri
konumlandirmaktadir. Kontrol sistemi ayrica eger bir giunes tarlasi
var ise diger panellerle de haberleserek kendini dogrulamaktadir.
Kontrol sistemi anemometreden gelen verileri de degerlendirmekte
bdylece mekanik dayanimin Gzerinde bir riizgar var ise; glines izle-
yen sistemi panelini rizgar ile minimum agiya getirecek sekilde ko-
numlandirmaktadir. Konumlandirma islemini yaparken koruma igin
uc noktalara limit anahtarlar yerlestirilimistir bdylece kontrolsuz olarak
bir hareket ile mekanik aksama zarar verilmesinin énline gecilmistir.

2.3.1. Kontrol Sistemi Donanimi ve Ger¢cek Zamanh Yazilimi
Glnes izleyen sistemi kontrol donanimi isterleri, sistemden bekle-
nen giines izleme gdrevinin uzun zaman élgeginde hatasiz yarutul-
mesi amacina goére asagidaki maddelerden olusmaktadir:

LDR, foto diyot gibi algilayicilardan elde edilecek analog verileri
ve GPS alicilarindan elde edilen zaman bilgilerini sayisal olarak
isleyebilme,

Gines izleme sisteminde kullanilan eyleyicilerin yénlendiriimesi
icin gerekli kontrol isaretlerini ilgili devrelere iletebilme

Sistem verilerinin ve Uretilen enerji de@erlerinin dlcllup uzaktan iz-
lenebilirliginin saglayabilme

Bu amaclara yonelik giines izleyen sistemi kontrol sistemi donani-
mi ¢ ana devreden olusmaktadir:

Algilayicilardan ve GPS alicisindan gelen bilgileri kontrol algorit-
masinda isleyen ve haberlesme cikiglari olan mikroiglemci tabanli
ana kontrol ve izleme devresi.

Haberlesme portlari Gzerinden alinan verilere gore eyleyicileri stire-
cek mikroiglemci ve gu¢ elektronigi 6zellikli sirme devresi.

Glnes izleme sisteminde bulunan algilayici verilerini sartlandira-
rak sayisal haberlesme formatinda uzak birimlere ileten algilayici
devresi.

PROCEEDINGS BOOK fuiue

Tasarimi yapilan ve Uzerinde yazihm gelistirme ¢alismalar yuri-
ttlen kontrol sistemi bir adet glines izleyen sistem icin oldugu gibi
birden cok sistemden olusan giines tarlalarinda kullanilabilecektir.
Gunes tarlasi uygulamalarinda sistemin maliyetini diistirmek amaci
ile elektronik devreler arasi isaretlesmelerin haberlesme protokol-
leri izerinden yapilmasi uygun bulunmustur. Bu sayede birden ¢cok
glines izleyen sistemden olusan glines tarlasi uygulamalarinda bir
ana kontrol devresi ile glines tarlasindaki tim sistemlere kumanda
edilebilecektir.

3. SONUC

Gines izleme sistemleri PV enerji Gretimi sistemlerinde verimliligi
%40’a kadar artirarak glnesten elde edilen enerjinin daha disik
maliyetli olmasini saglamaktadir. Dolayisiyla bu sistemler giines
enerjisinin kullanimini daha miimkin kilan bir teknolojidir. Ozellikle
buylk enerji Uretim santralleri dustnuldigunde yatirimin geri 6de-
me slresi kisalmakta ve yatirimcilar icin glines enerjisi daha cazip
hale gelmektedir. TUBITAK MAM Eneriji Enstitiisti bu kapsamda
tasarimi tamamen kendine ait glines izleme sistemini gelistirmek-
tedir. “Gune Bakan” ismi verilen glines izleme sisteminin gerek kar-
ma kontrol yapisi ile gerekse sundugu izleme ve arayiiz imkanlari
ile rakiplerine oranla daha verimli olmasi planlanmaktadir.
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Sun Tracking Systems and Subcomponents

Taner YILDIRIM, Orhan KUTUK, Mehmet Ali GIMEN, Erkan EL-
CIK, Sinan UNAN, Seref Naci ENGIN, Mustafa TIRIS
TUBITAK Marmara Research Center, Energy Institute

Abstract

Solar tracker system is general definition of the systems that built
to take advantage of the solar radition for PV, solar thermal conver-
sion and solar lighting applications.

The stability of the energy source is one of the common problems
for the renewable energy sources. Solar trackers improve the sta-
bility of the energy production while supplying the grid regarding to
fixed panel systems. Compared to a fixed mount system it increa-
ses annual production of the solar panels up to 35% for a year. In
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winter solar trackers have maximum efficiency rate compared to

fixed mounts that is varying according to seasons.

The solar trackers should be cost effective and robust together with
increased system efficiency to become widespread commercial
application. Installation of the solar trackers with high power rate
PVs or thermal conversion systems is more efficient because solar
tracker motors have 2% - 3% power consumption of total power
production. Consequently power consumption is one of the crucial
points of tracker design. In this perspecitve solar tracker devolop-
ment should be analyzed with electronical and mechanical design
stages. Mechanical and electronic design stages are currently be-
ing implemented in TUBITAK MRC Energy Institute Labratories.

In this paper perfomance of the solar tracker is studied and its types
are compared.According to this analyzes a prtotype system and
possible control systems will be examined with labratory tests. After
the performance test of tracker and control systems, a commercial
solar tracker system will be produced. All simulation, labratory test

results will be presented.

Keywords: Renewable energy, solar energy, PV systems, sun

tracking systems
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SHARING EXPERIENCES GAINED WHILE
INSTALLING AND OPERATING A “HOME SOLAR HEATER”

Erol INELMEN
Bogazici University

Abstract:

The author has encountered many difficulties during the implementa-
tion and operation of his “home solar heater”. By sharing his experi-
ences, he hopes that a regulatory environment is created in order to
easy the construction of similar systems in the future. Benchmarking
can help prospect buyers to make smarter decisions.

Introduction

In this work we aim to share the experiences gained while installing
and operating a “Home Solar Heater”. It is possible to agree with
the premise that climatic conditions in our planet require drastic
changes in the way we use the available resources. We claim that
in the geography so favorable -like is ours to harness the energy
of the sun- we need procedures for the benchmarking of the prod-
ucts available in the market so that users can effectively make their
choice during purchase and operation phase. Using available liter-
ature and descriptions about our experiences in the installation and
operation of a “Home Solar Heater” we use currently, we provide
evidence on the need for benchmarking procedures.

Rather than using scientific arguments, the author of this work
is trying here to plea his fellow global citizens to increase their
awareness for the problems the planet is facing: on one side the
pressure of the government to make economical developments
possible to satisfy the needs of the growing populations and
the fact that resources in the planet are getting each day more
scarce. A new model of social welfare must be developed in or-
der to cope with the changing political and cultural changes. We
hope that our experiences and the knowledge accumulated till
now can help in mitigating the consequences of a growth pattern
—which as we used to think in the past centuries- unfortunately
is not unlimited.

It is the responsibility of the city administrators to develop open
communities that discuss the problems they are facing in order to
gain their participation and support on the subject of energy con-
sumption. The acquisition, erection, implementation and mainte-
nance of clean energy systems may create unexpected conflicts
—as our experience has definitely shown- among stakeholders. An
adequate legal structure —supported by scientifically proven regu-
lations- must be put in place to assure that the rights of the indi-

viduals are respected. In some cases “sharing schemes” must be
developed so as that many citizens can profit from a system which
benefits from the economics of scale.

Background

The author has been involved in small scale energy generation
since 1963 under the supervision of the late Dean Prof. Adnan Ha-
let Tagpinar on the occasion of a project on vertical wind turbines
(1). At that particular time nuclear power was considered the solu-
tion to all energy requirements and our project did not receive the
deserved attention by the administration and academia. After com-
pleting our doctoral thesis on decision support model in 1992 (2), it
was only possible the year 2002 to be engaged in the implementa-
tion of a “knowledge based tool” for the design of scale vertical wind
turbines, thus completing the academic phase of our work (3).

Since the beginning of the century encouraged by the activities of
the “Institute of Environmental Sciences” once launched by the late
Director Prof. Kriton Curi in our university, that we were motivated
to continue on searching for ways of contributing in energy saving
and clean environmental issues. Using rechargeable batteries -as
much as possible- at home in the consumption of energy we did our
share in the movement that the government was effectively promot-
ing. In this period we attend as many conferences — such as Turk-
ish Association for Energy Economics launched also in our campus
in 2005- and seminars as possible.

As can be understood by the developments described in the previ-
ous paragraphs the time was adequate for trying to be engaged in
practical activities on energy generation and conservation. Taking
the opportunity of our new house being in the last floor of the apart-
ment in the Besiktas district, we ventured at the beginning of 2002
on the implementation a home solar heater. It was only after sev-
eral unsuccessful contacts with local providers that the erection of a
two flat panel was possible on the roof. The erection was followed
by several changes due to poor design of control valves. We had to
abandon the idea of automatic control and latter a heat exchanger
had to be added.

During the year 2009 we witnessed the improvements in photo-
voltaic energy generation systems and decided to also venture in
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this area. After some contacts in the market a company promised to
make a small scale implementation. Our requirement was that the
system should be able to monitor the operation by indicating the
use of sun, battery or city energy. All these events were followed
by complaints by neighbors: we had much difficulty in convincing
them of the need for us in gaining experience on the possibilities
of clean energy systems. The system seems at this moment to
operate, but we need a setup that could evaluate the daily opera-
tions on hourly basis so that we can make a better assessment
of its efficiency.

Survey

In this section we review the literature on “home solar heater”’
benchmarking. Design, installation and operation criteria must be
made clear to the prospect purchasers if we wish to facilitate their
use. Our experience with several stakeholders shows that clean
energy use is not well understood. Clean energy should boost the
image of the cities and be considered a “must”, not as an option.
Energy Agencies should help in developing the desired awareness.
We were able to observe an important threshold in the 1970’s when
energy became a scarce resource and climate changes threaten
our lives and the future of the plant. In the literature we have sur-
veyed there gives important hints for the design and operation of
solar heater (4, 5, 6, 7, 8, 9 and 10).

Following on the earlier publications on solar heating, we found
two MS thesis in the university the author is affiliated. In the first
thesis we are presented with solar data in istanbul that is followed
with design considerations of solar heaters. The author uses half
tubes were water is to be stored covered with insulation material.
In order to evaluate the performance of the solar radiators experi-
ments were carried under very different climatic conditions (11). In
the second thesis solar assisted heat pump systems are used for
space and water heating. In this thesis heat pumps are introduced
to compensate for the deficiency due to the lack of continuity in so-
lar availability. The theory behind both systems is provided followed
by design considerations (12).

We continue to use the literature available on solar design, now
based on material found in the digital media. Morrison provides with
a summary of different solar collectors and the marketing informa-
tion to back the design of systems. He introduces new methods
of circulation to enhance the performance supported by simulated
data (13). In a more recent paper the author recommend that the
Soltherm Europe Initiative should aim to create information re-
sources in all EU countries by creating a co-operation between
sales and installation companies and information centers and infor-
mation campaigns (14). There is an imperative need to continue on
research so as the make solar heating more attractive.

In a more extensive work, Hendron takes the whole building en-
ergy requirements and develops schemes that will help is detecting
possible saving items as reports are published periodically on the
same unit (15). Using simulation methods, the author of a research
paper argues that their collector incorporates a number of innova-
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tive features that are designed to reduce auxiliary energy consump-
tion rather than maximize peak efficiency (16). A hybrid model of
the solar plant has been realized by Zambrano et al. The principal
subsystems of the plant are modeled using energy balance equa-
tions, and the flow models are realized through identification using
real data. (17).We can see from the above that new ideas continue
on to flourish in academia.

Discussion

In a recent keynote speech she delivered on the occasion of the
50th anniversary of the School of Business Administration in our
university, Dr. Saskia Sassen referring to her latest book (18)
stressed the importance of considering the city at the center of all
human activities in balance with nature. We should all very much
be concerned with her ideas as we are moving in a period where
even the increase of two degrees of temperature —as the global
average- is being considered as devastating for the future of the
planet. Each citizen in this planet should do her best in assuring
that her footprint remains within an agreeable limit. This planet also
belongs to those who are to come after us.

Our experience in installing and operation a “home solar heater”
shows that knowledge about government regulations, design cri-
teria, ways to get the approval from neighbors, maintenance re-
quirements are necessary for the effective implantation and use.
We cannot hide our surprise, when we learn how little about the
technical requirements of a “Home Solar Heater” are known actu-
ally known by the public. We believe that “city welfare” depends
on how municipality mayor, district chief, community leader and
building superintendent meet the needs with the available means:
adequate “buildings codes” should be provided and closely fol-
lowed.

From the very first moment we started with the implementation of
a “Home Solar Heater” in our own residence -in the roof over the
fourth floor- problems had to be resolved do to lack of expertise.
The design of the piping system had to be changed, the control
valve that was intended to swap between the solar and gas heater
-as required by the climatic conditions- had to be removed because
it did not serve the purpose after several trials. It was found latter
that a heat exchanger was needed to assure the efficient operation
of the system with the addition of a circulation pump. The recent
addition of photovoltaic cells in the roof inspired us to use its energy
to drive this last pump as suggested in a recent academic work in
Ankara (19).

We continue on with our plight for improvements in the system that
has been described in the previous sections. Adding a cooling sys-
tem based on absorption principle —as was commonly used where
electricity was not available- and adding more devices to assure
that energy is preserved and more energy in generated using clean
technology maybe considered for the future. The promise that we
will be able to “sell” the excess energy -as is the case in many
countries now- is a motivating factor to make improvements. Modu-
larity, usability and connectivity should be considered in the design
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phases: location, orientation, construction, insulation, collection,
distribution and evaluation (See Figure 1.).
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Figure 1. Solar System implemented in the author's home (drawn
by author)

Conclusion

This paper is only a preliminary attempt to develop “home solar
heater” benchmarking practice. The design and erection criteria as
well as the costs, cost/benefit analysis should be foreseen. Main-
tenance specifications and insulation should be very carefully ana-
lyzed considering the undesired conditions in which solar heater
systems are to operate. Even if not fully used a photovoltaic system
should be installed parallel to the heater in order to measure the
availability during the day and the year. It requires the participation
of all parties involved: government, manufacturers, professional
chambers, universities and research agencies. As you progress
in the experimentation on solar energy, your eyes are more con-
cerned with the events on the sky.

We present a proposal for a home “home solar heater” bench-
marking. We believe strongly that prospective users should have a
guideline in order to make rational choices: a) capacity requirement
depending on use and available energy, b) security measures to be
taken in the installation and c) maintenance procedures to secure a
long life for the system. The potential buyer should be assured that
s/he will be able to monitor on hourly and daily basis the perform-
ance of the system as well as assess the physical conditions as the
equipment. It is important to remember that such systems are at
the mercy of the environmental conditions and need maintenance
done by skillful staff.

It is important to explain the prospect buyer of clean energy gener-
ating systems that the speed of the rate of return on investment is
not as one can normally expect. We welcome the idea that build-
ings in the future will be required to maintain an “identity card” re-
cording the energy needs and the performance during the year.
This will help prospect buyers of buildings to know about the energy
characteristics while they make a choice. In order to assure the
effective implementation of such a measure tax incentives should
be provided to good performers. “Pay as much as you consume”
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should be the motto that municipalities should foster in all the eco-
nomical activities in the future.

Itis important to express the deep emotions that have surged during
the quest for harnessing the power of the sun. The theoretical and
practical knowledge acquired in the last half century on this subject,
goes hand in hand with the ideals of the people living on both side
of the Red Sea. The importance of the sun in agriculture is revealed
in their spiritual beliefs that have permeated till now through the
narrations of the three monotheistic religions. This awareness of
the importance of the sun can help in creating a better environment
for future generations. We must definitely strike a balance between
our needs and our means. In the 5/2009 issue of the Deutschland
Magazine on climate crisis, we see important issues that we should
take into consideration.
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CONCENTRATING SOLAR POWER (CSP)

Dr. Frederick H. Morse
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Abstract

Concentrating Solar Power (CSP) is emerging as a major
renewable energy resource in Spain and the United States and
of growing interest in many other countries, including Turkey. This
presentation will provide an overview of the important aspects of
CSP. The solar resource will be addressed, leading to how the
prime solar radiation areas for CSP plants can be identified. Then
the family of CSP technologies will be presented and their key
operational characteristics highlighted, including thermal energy
storage and cooling options. An overview of current CSP projects
around the world will be presented along with some specifics of
several selected projects plus an overview of the CSP industry.
The factors that influence the cost of electricity generated from
CSP plants will be summarized. The presentation will close with a
forecast and outlook for CSP.
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OPTICAL CONSTANTS OF TITANIUM OXIDE THIN FILMS DERIVED
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Abstract

The sol-gel technique was used to prepare TiO, thin film onto glass
substrate of 5 and 10 layer coatings at 400 °C annealing temperatu-
re. Transmittance measurements in the wavelength range (300-1500
nm) were used to determine the optical constants of TiO, thin film,
and the effects of different layer on optical constants were investi-
gated. The analysis of the optical absorption data indicates that the
optical band gap, Eg, was direct transitions and the obtained film was
transparent in the UV- visible region.

Keywords: Titanium oxide, optical constant, solar cell and sol-gel
process.

1. Introduction

Titanium dioxide (TiO,) thin film is now investigated for their potenti-
al applications in photovoltaic, electro-optical, micromechanical and
sensor devices. TiO, thin film for dye-sensitized and ETA (extremely
thin absorber) solar cells have been under intense study for many ye-
ars. The evaluation of optical constants of thin films is a considerable
importance for these solar cells, due to key parameters for device
design.

A number of methods have been employed to prepare TiO, thin films;
including e—beam evaporation [1], sputtering [2], chemical vapor de-
position [3], and sol—gel process [4]. The sol-gel process is one of
the most appropriate technologies to prepare thin oxide coating. The
interest in the use of sol-gel method is due to several advantages:
good homogeneity, ease of composition control, low processing tem-
perature, large area coatings, low equipment cost and good optical
properties. In general, the preparation conditions of TiO2 thin films in
sol-gel process can strongly affect physical properties of the film [5].
Therefore, it is necessary to study systematically the optical properti-
es of sol-gel TiO, thin film as a function of the preparation conditions.

In the present study, the sol-gel dip coating technique was performed

to prepare TiO, thin films on glass substrate to investigate the optical
band gap.
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2. Experimental

In order to prepare a TiO, solution, first, 2.4 ml titanium tetraispro-
poxide [(Ti (OC,H,),, Merck] was added in 25 ml ethanol [C,H.O,
Merck] and the solution was kept in a magnetic mixture for 1 h.
Then, 5 ml glacial acetic acide [C,H,O,, Merck] and 25ml ethanol
were added in the solution, and after each additive component was
added, it was mixed in the magnetic mixture for 1 h. As the final
step, 1.5 ml trietilamine [(S,H,),N, Merck] was added in the solu-
tion, and the final solution was subjected to the magnetic mixture
for 1 h. The dipping process was performed using a homemade
motorized unit and each sample was dipped into the solution five
and ten times at 400°C annealing temperatures on glass substrate.
The optical characterization is investigated for at different coatings
using Shimadzu 3600 UV-VIS-NIR Spectroscopy at 400 °C anne-

aling temperatures.

3. Results And Discussion

Fig. 1 shows the UV-VIS spectra TiO, thin films for different la-
yer coatings at 400 °C annealing temperature in wavelength range
300-1500nm. The transmission of the thin films of titanium oxide
increases with the increase in in the number of coatings. This can
be linked with the formation stage of anatase and with the decrease
in the grain size [6].

The optical band gap of the film was calculated by the following
relation [7]:

(@ hv)=A(hv-E,) Q)

where A is an energy-independent constant between 107 and 102
m’, Eg is the optical band gap and r is a constant, which determi-
nes type of optical transition, r = 1/2, 2, 3/2 or 3 for allowed direct,
allowed indirect, forbidden direct and forbidden indirect electronic
transitions, respectively [7]. The (ahv) vs. hv curves were plotted
for different r values and the best fit was obtained for r = %2. The
film at various annealing temperatures shows a direct allowed tran-
sition. The optical band gap was determined by extrapolating the
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Fig. 1. UV-VIS spectra of the TiO, thin film, for various layers at 400 °C
annealing temperatures.

linear portion of the plots to (ahv)? = 0. The optical band gaps of the
thin film were found to be 3.45 and 3.34 eV at five and ten layers
in the 400°C, respectively. The thicknesses of TiO, film were also
determined from transmittance measurements in Fig.1 and found
to be 94 and 127 nm, respectively. The optical band gap decreases
with the increasing layer coatings. The decrease in the optical band
gap is attributed to the defects during formation of the films. Thus,
unsaturated bonds can be produced as a result of an insufficient
number of atoms [8]. These bonds are responsible for the formation
of some defects in the films and these defects produce localized
states in the films. The film increases the width of localized states
in the optical band gap, consequently the optical absorption edge
decreases with reverse effect.

4. Conclusion
The effect of film thickness on optical properties of TiO, thin films
was investigated. It was found that there are significantly variations
in the optical band edge due the thickness of thin films. It was seen
that the optical band gaps of the films are inversely changed by
width of band tail.
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Ozet

Yenilenebilir enerji kaynaklarindan glines enerjisinin en blylk de-
zavantayji surekli bir enerji kaynagi olmamasidir. Bu dezavantaji yok
etmek icin kullanilan yéntemlerden birisi de 1s1 depolama kapasite-
leri blytik olan maddelerle glinesin bol oldugu zamanlarda 1s1 ener-
Jisini depolamak ve daha sonra kullanmaktir. Bu calismada, ticari
olarak kullanilan diizlemsel kolektérlii bir giines enerjisi su 1sitma
sisteminin sadece depo kismi degistiriimek suretiyle eklenebilecek
yeni tip bir FDM’li depo tasarlanarak sistem performansi deneysel
olarak incelenmistir. Bu amagla depo icerisinde 1s1 depolama kapa-
sitesi ve erime sicakligi ihtiyaci maksimum oranda karsilayacak 2
farkli saf FDM’nin karisimi (hibrid FDM) konulmustur. Glinesin az
oldugu sonbahar ve kis aylarinda deneyler yapilarak standart su
isitmall gtines enerjisi sistemiyle karsilastirma yapilmistir.

Anahtar Kelimeler: FDM, gizli 1si depolama, dlizlemsel glines ko-
lektérii

Abstrac

1. Giris

Calismanin ana amaci, Faz Degistiren Madde (FDM) olarak kul-
lanilan organik ve inorganik maddelerin iki veya daha fazlasinin
karisimi sonucunda termofiziksel 6zellikleri, i1sil depolama kapasi-
teleri ve erime sicakligl daha iyi olan yeni bir FDM elde edilmesi ve
bunun ticari veya evsel Boylerli glines enerji sistemlerinin sadece
depo Unitesi degistiriimek suretiyle uygulanmasidir. Béylece, hali-
hazirda kullanilan glines enerjisi sistemlerinin verimliligi artirilarak,
glnes enerjisinden kis aylarinda ve geceleri de maksimum fayda
saglamak amaclanmaktadir. Bu amacla Boylerli glines enerjisi
sistemlerinin mevcut depolarinda; icerisi FDM dolu kanatcikli cep
yerlestirilerek 1s1 transferinin iyilestiriimesi yapilacaktir. Pasif isi
transferi iyilestirme tekniklerinin glines enerjisi sistemlerinin depo
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Unitelerine uygulanmasi ile ilgili birkac teorik ¢alismaya rastlansa
da icerisi FDM ile dolu kanat¢ikli depolara literatiirde rastlanma-
mistir.

Isi enerji depolamada, Uzerinde calisilan en 6nemli konulardan bi-
risi de gunes enerjisinin depo edilmesidir. Amag, glines enerjisinin
bol oldugu zamanlarda enerjiyi tutmak, yani bir yerde saklamak ve
glinesin olmadi§i zamanlarda kullanmaktir. Bu konuda bir¢ok aras-
tirmalar yapilmis ve halen hizli bir sekilde bu arastirmalar devam
etmektedir. Kullanigh bir glines enerjisinden yararlanma sistemi
yapmanin en 6énemli kosulu, iyi bir enerji depolamasinin yapiima-
slyla mimkuin olur. Aslinda her glines enerjisi sistemi bir miktar isi
enerjisini depolar. Fakat depolanan bu isi yalnizca kisa bir sure
icin gegerlidir.

Isi depolama duyulur ve gizli 1si olmak Uzere iki sekilde gerceklesir.
Gizli 1s1 ile depolama maddenin faz degistirmesi esnasinda olusur.
Gizli 1s1 depolamasinda, daha c¢ok kati-sivi faz degisiminden ya-
rarlanilir. Glines enerjisiyle her maddeye kati-sivi faz degisiminde
enerji depolanmaz. Giines enerjisiyle enerji depolayabilmek icin
kullanilacak maddelerin distik sicaklikta faz degistirme 6zellikleri-
ne sahip olmalar ve yuksek i1sI depolama kapasiteli olmasi istenir.
Herhangi bir maddenin faz deg@isimi esnasindaki gizli i1sisindan fay-
dalanarak glines enerjisinin depolanmasinda kullanilan bu malze-
melere literatlirde Faz Degistiren Madde (FDM) adi veriimektedir.
FDM’ler ile ilgili literatir calismalari asagida verildigi gibi U¢ ana
grupta incelenebilir.

1.2 Uygun FDM’nin Tespitini igeren Galigmalar

Uygun FDM’nin segimi bu tr aragtirmalarda hayati énem tasimak-
tadir. Farid ve Husian [1] gizli 1sI depolama sistemleriyle ilgili ola-
rak yapilan ilk calismalarda FDM olarak bal mumu ve parafinler
kullaniimistir. Ryu ve dig. [2] Varol ve Koca [3] daha sonra 6zel-
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likle tuz hidratlar ile ilgili bircok uygulamalar yapilmistir. Farid ve
Khalaf [4] iki farkli tuz hidrat farkli kaplara konularak bu kaplarin
etrafindan isi transferi akiskani gecirilmek suretiyle, 1si transfe-
rinde iyilesmenin saglandigi ¢alismalara da rastlanmaktadir. Sari
ve Kaygusuz [5], Rozana ve dig. [6] son yillarda yag asitlerinin
performanslari FDM olarak iyi sonu¢ vermistir. Keles ve dig. [7],
El-Bassuoni ve dig. [8], Sari [9], Kakuichi ve dig. [10] saf olarak
kullanilan organik veya inorganik FDM’lerin birgogunun depola-
ma kapasiteleri disiik veya erime sicakliklari depolamaya uygun
olmadigindan birden fazla maddenin karisimindan olusan yeni
FDM’lerin kullanildigr ¢alismalar ginimizde oldukg¢a populerdir.
Bu calismalarda erime sicakhgi ve depolama kapasiteleri daha iyi
olan yeni FDM’ler elde edilemeye calisiimistir. Bu calismalarda
iki veya ug farkl kimyasal maddenin farkli oranlardaki karigimlari
denenerek daha uygun yeni bir FDM elde edilmistir. Ancak FDM
olarak kullanilan ¢ok sayidaki maddelerin karigimlarinin detayli
sonuglari incelenmemistir. Bu yénuyle 6nerilen calisma literatlr-
deki bu boslugu dolduracaktir.

1.3 FDM’nin Sisteme Yerlestirilmesi ile iligili Aragtirmalar
FDM’nin konumu arastirmalarda genellikle kolektér ve depo ki-
simlarinda yogunlasmistir. Rabin ve dig. [11] bu alandaki ilk ¢alis-
malarda FDM glines kolektériniin hemen altina konularak i1sitma
ve depolama ayni Unitede yapilmistir. Cabeza ve dig. [12] sonraki
calismalarda FDM'nin sicak su deposu ile yerlestiriimesinin daha
verimli oldugu tespit edilmistir. Hasan [13] depo Unitesinde
FDM’lerin kullaniimasi ile ilgili yapilan calismalarda, silindirik
deponun dikey yerlestiriimesinin FDM’nin performansini daha iyi
etkiledigi gérilmustir. Hawlader ve dig. [14], Ozonur ve dig. [15]
bir diger ¢alisma konusu da mikro kapsul yontemiyle yogunlasti-
rilmis FDM’lerin ylUksek basingla 6zel kaplara konularak kullanil-
masidir. Velraj ve dig. [16], Altuntop ve dig. [17] bu ydntemin isil
depolama yéniinden avantajlari olmasina ragmen, ileri teknoloji
ile birlikte maliyetinin yliksek olmasi nedeniyle ticari olarak kulla-
nimi sinirlidir. Depo igerisinde isi transferini iyilestirmek icin aktif
veya pasif yéntemlerin denenmesi ile ilgili calismalarin sayisi
oldukca sinirlidir. Koca [18] FDM’li diizlemsel glines kolektérleri
ile ilgili yapilan bir calismada, glines kolektoériniin alt tarafina
yerlestirilen depo icerisine FDM yerlestiriimis ve Ekim ayi iceri-
sinde 3 farkli glinde sonuglar alinmigtir. Elde edilen sonuglara
goére, FDM’nin &zellikle glinesin olmadigi zamanlarda yuksek
verime sahip oldugu tespit edilmistir. Koca ve dig. [19] ayrica,
mevcut sistemin termodinamigin I. ve Il. kanunlarina gére ana-
lizleri yapilarak, enerji ve ekserji verimleri proje Onericileri tara-
findan gergeklestirilmistir.

1.4 FDM’nin Uygulama Alanlarina Yoénelik Calismalar

FDM’ler 1sinin depolanma amaci gudulen alanlarda 6zellikle de-
vamsizligi nedeniyle giines enerjisi sistemlerinde kullaniimaktadir.
Nallusamy ve dig. [20], Emaes ve dig. [21], Saman ve dig. [22]
FDM’lerin dzellikle glines enerjisinden sicak su elde etmek amaciy-
la, glines kolektorleriyle kullanimi olduk¢a yaygindir. Zalba ve dig.
[23], Oztiirk [24], Enibe [25], Sharma [26] bunun disinda seralarda,
glnes enerjili pisiricilerde, glines enerjili havall kolektérlerde, yapi-
larin sogutulmasinda ve yapilarin glines enerjisiyle isitiimasi gibi
cesitli sistemlerde FDM’ler kullaniimaktadir.

o
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1.5 Giines Enerjisi Sisteminin Depo Unitesindeki Isi Transferi
iyilestirmeye Yonelik Calismalar

Glnes enerjisinin depolanmasi amaci ile siradan yéntemler terk
edilerek 1sinin olabildigince su ve FDM’ye aktariimasi igin cesit-
li ydbntemler denenmistir. ~ Altuntop ve dig. [27], Altuntop ve dig.
[28] bu konuda literatirde bulunabilen calismalar tamamen teorik
calismalarla sinirli olup, boylerli tip olmayan konvansiyonel giunes
enerjisi sistemlerinde, cidara farkli geometriler yerlestirmek sure-
tiyle sayisal ¢6zimler yapilmistir. Bu calismalarda, depoda faz
degistiren madde kullanilmamis ve depo igerisinde yiksek hizda
karma tasinim (mixed ya da combined) analizi yapilarak sonuglar
elde edilmistir. Onerilen sistemin mevcut literatiire gére en biyik
yeniligi ve avantaji icerisi FDM dolu kanatciklar yerlestirerek FDM-
akiskan temas ylzeyini artirmaktir.

2. Deneysel Calisma

Bu calismada, hazirlanan deney seti Sekil 1. 2 ve 3'de gérilmek-
tedir. Deney seti bakir selektif ylzeyli iki adet kollektdr, sicak ve
soguk su depolari, 1sinim probu ve dataloggerdan olusmaktadir.
Dusey depo cepli ve kanatgikli olup, cep Faz Degistiren Madde ile
(50 kg) doludur

Faz degistiren madde olarak Aluminium Ammonium Sulfate +
di-Sodium hydrogen phosphate dodecahydrate maddeleri segil-
mistir. Hibrit FDM’nin karistirlimasi %40 (di-Sodium hydrogen

Sekil 2. Deney setinin yandan gérinisi
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phosphate dodecahydrate) ve %60 (Aluminium Ammonium Sul-
fate dodecahydrate) oranlarda 10 gr hassasiyetli tarti ile 6zel
karistiricida 25 dk boyunca karistiriimistir. Karisim esnasinda
FDM nin nem kapmamasi igin 6zel 6nlemler alinmis ve istenildigi
gibi homojen bir karisim elde edilmistir. Karisim sonrasinda elde
edilen yeni FDM’nin termofiziksel 6zellikleri Tablo 1’de gésteril-
mistir. FDM’li deponun FDM i¢in ayrilmis béliman girigleri kicuk
oldugundan ve dolum esnasinda bu alanda hava ve bosluklarin
olusmasinin istenilmediginden FDM sicak su banyosunda, 6zel
kaplarinda (hava ve su gegirmeyen) bekletilerek sivi faza geg-
mesi saglanarak depodaki yerlerine huni yardimi ile istenilen se-
kilde doldurulmustur. FDM’ lerin isil kapasiteleri DSC cihazinda
tespit edilmistir. Deney Elazig sartlarinda 380 aci ile Kasim ayin-
da yapilmistir. Deneyler FDM’li ve FDM’siz olarak iki farkli sekilde
yapilmistir. Glnimuzde artik glines enerji sistemlerinin vazgecil-
mezi olacak olan boylerli sistem sayesinde fark sicaklik (depo ile
kollektor arasindaki sicaklik farki) istenilen diizeyde ayarlanilarak
kis aylarinda sistemin kullanila bilirligi daha da arttinimistir. De-
neyde pompa depo ile kollektér arasindaki sicaklik farki olarak
kollektdr sicakligr depodaki su sicakhgindan yiiksek oldugu sure-
ce galismaktadir. Pompanin bu g¢alisma araliginda glinesin oldu-
gu glin boyunca devam etmekte ve sonrasinda glines 1siniminin
olmadigi zamanda veya depo sicakliginin kollektér sicakligindan
fazla oldugu zamanlarda sistem pompayi devre digi birakmistir.

Tablo 1. Yeni FDM’nin termofiziksel 6zellikleri

Kimyasal Formli %60 Na,HPO,. 12H,0
%40 Al(NH,) (SO,),. 12H,0
Erime noktasi 41.98-60.42 °C
Yogunluk (Kati Fazda) 1,46 g/mL
Yogunluk (Sivi Fazda) 1,38 g/mL
Ozgiil 1s1 kapasitesi (Kati fazda) | 334.13 J/molK
Ozgiil 1s1 kapasitesi (Kati fazda) | 590.79 J/molK
Erime Isisi 288.13 kJ/kg
Maliyeti 50 $/kg
3. Sonuclar

Yapilan ¢alismada, depo kismi haricinde ticari olarak kullanilan standart
gunes enerjili su 1sitma sisteminin depo kismina yapilan ilavelerle kisin-
da glines enerjisinden maksimum oranda faydalaniimaya caligiimigtir.
Deneyler ayni 6lcllerdeki standart kéllektérle FDM'li kolektdr igin
yapilarak karsilastirmalari yapiimistir. FDM’li kéllektoriin veriminin
Ozellikle 6gleden sonra daha fazla giktigi géralmustar.

3.1 Sonuglarin Degerlendirilmesi

Deneysel ¢alisma sonucunda yapilan élgimlerden FDM’ye depo-
lanan duyulur ve gizli 1si ile net enerji verimi sirasiyla asagidaki
formdillerden hesaplanmistir:
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Sekil 3. Deney setinin énden goérinusi
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Sekil 4. FDM'’ siz deponun 11 Kasim 2009 tarihinde verim-glines
1sinim degerlerinin zamanla degisimi
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Sekil 5. FDM'li deponun 19 Kasim 2009 tarihinde verim-giines i1sinim

degerlerinin zamanla degisimi

Yukaridaki denklemlerde, M, FDM’'nin toplam kutlesi, Cp, FDM’'nin
kati fazdaki 6zgul 1sis1, AVs kati FDM’nin hacimsel degisimi, s, kati
FDM’nin yogunlugu ve h ise FDM’nin erime gizli i1s1 kapasitesidir.

Daha 6nceki boélumlerde belirtildigi Gzere, piranometre ile giines
isinimi Slctimustir. Hesaplamalardan elde edilen sonuglar verim-
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isinim grafikleri ile Sekil 4 ve 5 °de verilmistir. Deneyler, hava sicak-
Iiginin dusitk oldugu Kasim ayinda havanin acik oldugu gunlerde
yapilimistir. Sekil 4 ’de 11 Kasim 2009 tarihinde 6lcllen degerlerle,
FDM’siz depo icin elde edilen verim-isinim grafiginin yerel zamana
gore degisimi gorilmektedir. Sekil 6’de ise 19 Kasim 2009 tarihin-
de, FDM'li depo i¢in elde edilen verim-isinim grafigi gésterilmistir.
Sekillerden de gérilecegi gibi FDM’li deponun verim degerleri her
zaman diliminde FDM’siz depodan daha yiiksek gikmistir. Ozel-
likle glines 1sinlarinin en yogun oldugu yerel saatle 12’den sonra
FDM’siz deponun verimi zamanla dismesine ragmen FDM'li de-
ponun veriminin dismesi daha yavas olmaktadir. Saat 15:00 si-
ralarinda, FDM’li depoda, deneyler, giines isiniminin daha disuk
oldugu glnlere rastlamasina ragmen, verim %100 daha yuksek
cikmaktadir. Bu da 6zellikle havanin soguk oldugu gunlerde, FDM’li
deponun kullanilabilecegini gdstermektedir. Yine ayni grafikler,
Ozellikle sabah cok erken saatlerde, gece suyun kullaniimadigi
durumlarda, FDM’siz depoya gére daha yuksek verimle isitmaya
basladigini géstermektedir. Bu da depolanan isinin verimli bir se-
kilde soguk suya aktarildigini géstermektedir. Hem yapilan depo
tasarimi hem de secilen FDM karigimi bu tir sicak su sistemleriicin
uygun oldugu bu sonuclardan gérilmektedir. FDM kullaniminin bir
baska avantaji olarak da malzemede ani sicaklik degisimlerinin 6n-
lenerek, malzemede isil gerilmelerin indirgenmesi ve bdylece 6zel-
likle baglanti kisimlarinda ileride meydana gelecek sizdirmazlik vb.
tesisat arizalarinin indirgenmesini de saglamaktadir.

Calisma farkl tirde (yag asiti gibi) FDM’lerin karsimi icin tekrar-
lanabilir. Elde edilen FDM’nin maksimum ¢evrim sayisi bir baska
calismanin konusu olabilir.

Tesekkir
Bu calismaya 108M420 no.lu proje kapsaminda katki saglayan TU-
BITAK’ a tesekkiir ederiz.
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PV DESTEKLI HiBRiD BiR GUNES KOLLEKTORUNUN ISIL PERFORMANSININ
ARASTIRILMASI

Hakan F. OZTOP
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Makine Egitimi Bolimii, ELAZIG

Ahmet KOCA
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Ozet

Sicak su Uretimi, sicak hava tretimi ve elektrik dretimi icin kolektér
bu amaclara uygun olarak tasarlanir. Kirsal alanlarda sicak
su uretiminin yani sira sicak hava dretimi ile tarimsal trdnlerin
saglikli  ortamlarda kurutulmasini  saglayacak sistemlerinde
gelistirilmesi gerekmektedir. Bu calismada hem sicak su hem
de sicak hava (retiminin sebeke elektriginden bagimsiz olarak
tretimi hedeflenmistir. Sistem, amaca uygun olarak sadece su
Isitmak amacli ya da sadece hava isitma ya da hem hava hem su
birlikte ayri 1sitma yapacak sekilde tasarlanmigtir. Hava isitmada
kullanilan fan gucli ise fotovoltaik panel yardimiyla gerekli elektrik
tretilmigtir.

Anahtar Kelimeler: PV, hibrid kolektér, glines enerjisi

1. Giris

Guniimizde dinyanin bu giinlerde kiiresel isinmaya karsi
verdigi savasta en dnemli silahlarindan biri de gunes enerjisidir.
Yatirnmcilar, arastirmacilar bu silahi gelistirmek amaci ile
buylk cabalar harcamaya baslamistir. Glnes enerji sistemleri
farkli amaclara hizmet etmesi icin kullaniciya farkli secenekler
sunmaktadir. Bunlar sicak su, sicak hava, elektrik, sogutma,
vs. gibi bircok ihtiyaci karsilayabilecek sistemlerdir. Fakat
glnesin sureksizligi bu Uretimi kisitlamaktadir ve giinesin oldugu
zamanlarda gunes enerjisi sistemlerinden maksimum duzeyde
yararlanmasini saglayacak ve depolamasi yapabilecek sistemler
gelistirimektedir. Sivi 1sitmali kollektérler endustriyel alanlarda
evsel kullanimlarda en yaygin olarak kullanilan kolektdr tipleridir.
Glnes enerjisi Turkiye genelinde evsel olarak sicak su temininde
dinyada ilk 5te olan nadir Ulkelerdendir. Evsel sicak su teminini
saglamak icin Ulkemizde vakumlu tlip ve standart diiz kollektdr
tipileri kullaniimaktadir.

Hava isitmali kollektérler bir hacmin isitiimasinda, kurutma
gibi bircok alanda kullaniimaktadir. Arastirmacilarin  daha
cok Uzerinde durdugu bu konu uUzerinde cesitli verim arttiric
yontemler denenmistir. Hava isitmali  kollektorler icerisindeki
akisin emici ylUzeyin altindan, Gstiinden ya da hem altindan hem
Ustinden olmak Uzere birgok akis yénu tayin etmiglerdir. Hava
1sitmali kollektérlerin icerisine yerlestirilen kanatciklar, tirbulansi
gelistirmeye yonelik engeller, emici ylizeyinin kollektor icerisindeki
acgisinin degistiriimesi ve emici ylzeye baglanmis bir hacimden
akisin geciriimek suretiyle 1s1 transferini gelistirmeye yénelik

Yasin VAROL
Firat Universitesi, Teknik Egitim Fakultesi,
Makine Egitimi Bolimu, ELAZIG

Mert GURTURK
Firat Universitesi, Teknik Egitim Fakultesi,
Makine Egitimi Bolimui, ELAZIG

calismalar mevcuttur. Bu kapsamda yapilan ¢alismalar genellikle
Uretilen bir kolektdrun 1sil verim degerleri basta olmak tizere, diger
parametrelerini incelemektedir. Bu kapsamda, Koyuncu [1], Urin
kurutma uygulamalari icin glines enerjili hava isiticilan da farkh
tasarimlarin performansi Uzerine deneysel bir ¢calisma yapmistir.
Calismada, alti farkli model tasarlanmis glines enerjisinin kurutma
sistemleri icin havall diiz yGzeyli gines kolektérlerine dayandigini
belirtilmistir. Ugar ve Inalli [2], pasif arttirma teknikleri ile haval
glines kolektérlerinin termal ve ekserji analizleri (izerinde deneysel
calismalar yapmislardir. Dogan [3], doért ayrn tip hava isitmali
glnes kolektérlyle deneysel calisma yaparak, kollektdr verimleri
ve kurutmaya olan etkilerini karsilastirmistir. Kirbas [4], tarafindan
yapilan calismada labirentli tip hava i1sitmali giines kolektorinin
verimi deneysel olarak tespit edilmistir. Kolektér ¢ degisik hava
debisinde farkh giin ve sicaklik kosullarinda denenmistir. Deney
sonuglarina goére ylksek hava hizlarinda kolektér veriminin arttigi
gbzlenmistir. Yeh ve Chou [5], hava 1sitmali glines kollektorlerine
kanatlar ilave ederek kollektér verimini arttirmayi hedeflemislerdir.
Kanat sayisinin artisiyla kollektér veriminin %12 oraninda arttigi
sonucuna varilimistir. Yeh ve Thing [6] calismalarinda yutucu
plaka ile cam kapak arasini demir talasiyla doldurmus ve deneyler
sonucunda demir talagi doldurulmus kollektor icin verimin, siyah
yuizeyin kollektériin ortasinda oldugu kollektér verimine gére %38
oraninda daha fazla oldugunu gdstermislerdir. Yeh ve Lin [7]
diz plakali hava i1sitmali glines Kkollektérlerinin kollektdr verimleri
Uzerinde birbirine paralel olan engellerin etkisini deneysel ve teorik
olarak incelenmiglerdir. Yeh ve Lin [8] hava akisinin siyah ylzeyin
Gst kisminda oldugu hava isitmali giines kollektérlerinin verimi
Uzerinde kollektdér boyutunun etkisini, deneysel ve teorik olarak
incelemistir. Mohammad [9] kollektor Ust ylizeyinden olan isi kaybini
azaltmak ve yutucu plakadan saglanan isi kazancini maksimum
yapmak icin, ters-akigli 1s1 degistiricisi seklinde ilave bir drtinin
kullanildigi bir kollektér imal ederek, bunun isil analizini yapmistir.
Garg ve Datta [10], kanatli tip bir hava isitmali giines kollektérinin
deneysel ve teorik olarak incelemislerdir. Ustteki plakanin sicakhig
alttaki plakanin sicakligindan ylksek olacagindan, ustteki plakaya
eklenen kanatlardan daha yuksek verim sagladigr gorilmastar.
Altuntop vd. [11], alt kisimdaki bakir levha izerine siyah mat boyali
emici yuzey ve Uzerine degmeyecek sekilde ¢apraz bicimde iki
katli yerlestiriimiglerdir. Yatayla 60° ‘lik aciya sahip V-biciminde
bukulerek olusturulan siyah mat boyali sinek telinden ikinci bir
emici ylzeyi bulunan matris tip hava isitmali glines kollektérundn
analitik olarak incelemiglerdir.
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Fotovoltaik paneller gliniimizin artik vazgecilmezi olan elektrik
ihtiyacini karsilamak amaciyla tasarlanmis gines panelleridir
[12]. Temmuz 1998 de Viyana da ikinci dinya fotovoltaik
enerji konferansinda &zellikle evlerin catilarina yerlestirilen PV
sistemlerine ilginin hizla arttigi belirlenmistir. Avrupa Birligi'nin
2010 yilina kadar bir milyon kiguk fotovoltaik sistem kuracagi
aciklanmistir. Japonya, 2000 yilinda 70 000 catiya PV sistem
programini tamamlamistir. Benzer olarak Hollanda, PV sistemlerini
catida kur-iglet-sahip ol programini baglatmistir. PV sistemler
amaca gore basit birka¢ bilesene bagl olarak kolayca kurulabilen
sistemlerdir. Bu sistemlerde hedeflenen amaca gére diizenlemeler
yapiimaktadir. Bunlara érnek olarak DC kullanicili bir sistemde
PV, solar regulatér, akil gurubu, salter ve kablo tertibati gibi
elemanlardan olugsmaktadir.

DC KULLANICILI FOTOVOLTAIK SISTEM SEMASI

Sekil 1. DC kullanicil fotovoltaik sistem semasi [ ]

Hem AC hem de DC kullanim i¢in kullanilacak sistem elemanlarina
yukarda sayilanlara sadece invertdr eklenerek kolayca kurulabilinir.
Farkl amagclar icin Uretilmis bu kolektérleri tek bir sistemde
toplayarak hibrid kolektérler tasarlanmigtir. Bu tip kollektdr
tipleri genelde kirsal kesimlerde ya da endustriyel amach olarak
kurutma yapacak tesislerde kullanimi kiclik degisikliklerle kolayca
yararlanilabilinir. Tasarladigimiz hibrid kollektér éncelikli su 1sitma
olmak Uzere hava isitmasi da yapabilmektedir. Sicak hava Uretimi
her daim ihtiya¢ olunmasa da sicak su ihtiyaci her daim olmaktadir.
Isi transferini iyilestirmek ve isitilan havayi istenilen bdlgeye
ybnlendirmek amaci ile kullanilan fanin elektrik gereksinimini
sebekeden badimsiz olarak fotovoltaik panelden elde edilen
elektrik ile karsilanmistir. Bu farkli amaglarda Uretilen panellerin
birlikte kullanarak tasarlanan hibrid kollektériin kullaniciya ne kadar
faydali olabilecegini verim analizleri ile arastiriimasidir. Literatiirde,
sadece hava isitmali gunes kollektérleri [13—15] ya da fotovoltaik
destekli sadece su isitan sistemler [14] Uzerine yapilan calismalar
mevcuttur. Standartlarda da 6lgim metotlari belirlenmistir [16].
Buna goére tasarim yapilan hibrid bir kolektériin performansi bu
calismada arastiriimigtir.

2. Deneysel Calisma

Bu calisma, Elazig sartlarinda ve Agustos ayinda yapilmistir.
Deney seti Sekil 2 ve 3’ de gosterilmistir. Deney setinin boyutlari
geometrik benzerlik kullanilarak kucultiimastir. Gunes enerjili
su Isitma sistemi, hem hava hem de su ile calisabilecek bir
gunes kollektériinden ibarettir. Sistemde su debisi rotametre ile
Slctlmustur. Kollektér icerisindeki sicak hava bir fan tarafindan
cekilmekte ve fan igin gerekli elektrik enerjisi ise Fotovoltaik panel
ve buna bagl olarak galisan aki Unitesi ile calismaktadir. Gines
isinim  siddeti solarimetre ile olgulmistir. Sistemdeki basinc
kaybinin 6lcimi sisteme baglanan bir manometre yardimi ile
yapilmistir. Sicaklik degerleri 1sil ¢iftlerle élcilmis ve datalogger
yardimi ile bilgisayara kaydedilmistir.

B il il o Romar™ =
Sekil 3. Deney setinin genel gérinimi
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Deneyde; sadece havali, sadece sulu ve ikisi birlikte olmak Gzere
ayri calistinilarak kollektor verimleri kargilagtinimistir. Sadece sulu
calismada kollektoriin hava giris ve ¢ikis delikleri kapatilarak su
zorlanmig tasinim ile kollektére dakikada 1 ve 1,5 litre debilerinde
gonderilerek  kollektoériin - su 1sitmasi  durumundaki  verimi
arastinimistir. Sadece hava isitmall ¢alismada kollektére su giris
cikisi kesilerek sadece hava giris ¢ikisi saglanarak calistinimistir.
Hava + sulu olarak birlikte olmak Gzere calistirimistir. Fotovoltaik
sulu ¢alismada devre disi birakilarak sadece aklyu sarj amagli
kullaniimig, hava ile yapilan ¢calismalarda fan calistirildigindan gi¢
kaynagi olan aku PV vasitasiyla beslenmistir.

Deneyde verim analizleri i¢in;

9,
= Za 1
4 14

Q, = AF, [I(ze) -K(T, - T))] (@)

Burada Qa akiskana gegen faydali 1si miktari Tga akiskanin
kollektére giris sicakligi, T¢ cevre sicakhgl, K isi kayi katsayisi, Fta
toplayici i1si kazang faktérd, ( tor) yutma gecirme ¢arpimi, | 1sinim,
A kollektor yuzey alanidir.

Hava kitlesi akis hizinin bir fonksiyonu olarak verim hesabinda
hava 1sitmali kollektdrlerde enerijitik etkinliklerinin degerlendiriimesi
icin daha uygundur Sharma ve ark. [18].

7, = I, -1,
2

1
Deneyde verim analizleri hava + su igin ise akiskanlara gegen
yararli 1sinin toplamini alarak formul 1 ile hesaplanmigtir.

@)

3. Sonugclar Ve Tartisma

Sonuglar, tasarimi yapilan kolektorln, sicak havalarda, sicak su
kontroliniin, dis ortam havasi ile yapilabilecegini géstermistir.
Kollektérden cekilen hava, birgok 1sil sistem igin &n isitma havasi
olarak kullanilabilir. Su isitmali calismada, sistemde, standart
kollektor kullanildigindan kolektér verimi de ayni sekilde benzerlik
gostermistir.  Standart  kollektdr verimleri %50-60 arasinda
olmaktadir. Deneyin su isitma asamasinda kollektor verimi %54—
56 arasinda olmaktadir. Deneyin yapilisinda dis etkenlerden dogan
olumsuzluklar yuzinden (bulutun glinesi engellemesi) verim saat
16:00 civarinda ani olarak digmektedir (Sekil 4).

30 Agustos 2009
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Sekil 4. Su ile calisma durumu: Verimin ve isinimin zamanla degisimi
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Sadece hava isitmali olarak calistirldiginda ise sistemin
arzu edilen verim degerlerine ulastiyi gérulmektedir (Sekil 5).
Hava 1sitmali kollektérlerin verimi ise %50-70 gibi degerlere
ulasmaktadir. Yapilan deneyde verim %65—-67 arasinda degiskenlik
gostermektedir. Grafikteki dalgalanmalar, 1sinin sudan havaya
gecmesinden kaynaklanmaktadir.

29 Agustos 2009

A | 1200
0,9
— 0,8 1000
g
0.7 =
2 0 500 &
= 0,6 =
z =
E 0> g BO0 E
0.4 e
R -
T 03 p a0 =
= —d—Hava
0,2 200
o1 ——1I5 inim
o} o
0%:00 11:00 13:00 15:00 17:00
Yerel Saat

Sekil 5. Hava ile calisma durumu: Verimin ve isinimin zamanla degisimi

Hem hava hem de su ile calismada ise hava veriminin dismesi
suyun havaya oranla isi iletim katsayinin yiiksek olusu yani isinin
suya aktarilmasi sonucu oldugu ve sistemin su 6ncelikli 1sitma
yapmasi icin tasarladigimizdan dolayl amaca uygun hareket ettigi
gbzlenmistir.
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Sekil 6. Hava ve su ile ¢aligma durumu igin verimin zamanla degisimi
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Sekil 7. Hava ile calisma durumu: Verimin ve 1sinimin zamanla degisimi
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Sekil 8. Su ile ¢alisma durumu: Verimin ve i1sinimin zamanla degisimi.

Sonug¢

Bu calismada, hem sulu hem de havall ¢alisabilen bir kolektorin
tasarimi  gerceklestiriimistir. Calismada, havali kolektdrden
hava ¢ekmek icin kullanilan fan fotovoltaik pil ile calismaktadir.
Calismada, ozellikle yaz aylarinda kullanim sicakhigindan daha
yuksek bir sicaklikta 1sinan suyun disaridan alinan hava ile isil
kontrolli saglanmis ve c¢ekilen sicak hava isil bir sistemin 6n isitma
sisteminde kullaniimaktadir.
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Abstract

The foremost global challenges facing the energy market today
are growing environmental concerns, especially climate change,
economic development and energy security. Developing and
deploying more efficient and less environmentally damaging energy
technology is critical to achieving objectives of energy security,
environmental protection and economic and social development.
Solar energy is the most important renewable energy source that
waits to be exploited to meet the global challenges of the energy
market. Solar energy with its intermittent characteristics needs to be
stored for efficient utilization. Thermal energy storage technologies
are used to close the gap between supply and demand of such
intermittent resources. Duration of the storage can be short or
diurnal (day/night) or long or seasonal (summer/winter). For
seasonal storage (summer/winter), underground thermal energy
storage (UTES) is the only option currently used in solar plants. For
short term applications thermal energy storage in phase change
materials (PCM) and thermochemical reactions are preferred.
Recently there are hybrid systems that combine short and long
term storage technologies in the same system. Storage is used in
solar applications like domestic hot water heating, combi systems,
district heating, cooling, passive heating/cooling and thermal power
plants. This paper attempts to give an overview of the recent thermal
energy storage technolgies used in solar applications around the
world.

1. Introduction

Sun is the source of life on earth. All renewable energies (wind,
hydro, biomass), except for geothermal which come from the center
of the earth, originate from sun. Solar energy is so abundant that one
hour of sun shining on earth is enough to meet the world demand
for an entire year. Since ancient history mankind has been trying
to find ways of harnessing the solar radiation to meet the growing
energy demand. The foremost global challenges facing the energy
market today are growing environmental concerns, especially
climate change, economic development and energy security.
Developing and deploying more efficient and less environmentally
damaging energy technology is critical to achieving objectives of
energy security, environmental protection and economic and social
development. Today, more than ever, we need to find ways to a
“solar future” to meet these challenges.

Solar energy with its intermittent characteristics needs to be stored
for efficient utilization. Thermal energy storage technologies
are used to close the gap between supply and demand of such
intermittent resources [1,2]. Duration of the storage can be short
or diurnal (day/night) or long or seasonal (summer/winter). For
seasonal storage (summer/winter), underground thermal energy
storage (UTES) is the only option currently used in solar plants. For
short term applications thermal energy storage in phase change
materials (PCM) and thermochemical reactions are preferred [3].
Recently there are hybrid systems that combine short and long
term storage technologies in the same system.

Storage is used in solar applications like domestic hot water
heating, combi systems, district heating, cooling, passive heating/
cooling and thermal power plants. This paper attempts to give an
overview of the recent thermal energy storage technolgies used in
solar applications around the world.

2. Thermal Energy Storage

2.1. Concepts

Thermal energy storage (TES) is realized as a result of the change
in internal energy of the material. The fundamental principle of
internal energy of materials is the basis for TES concept. This
principle is quoted here from Incropera and DeWitt [4].

“Internal energy refers to energy of molecules making up a
material. The molecules of a material are in continuous motion and
have kinetic energy of translation, rotation and vibration, except for
monatomic materials. The change in the internal energy consists of
a sensible or thermal component, which accounts for the molecular
motion; a latent component, which relates to intermolecular forces
that influence phase change between solid, liquid, vapor states;
a chemical component, which accounts for energy stored in the
chemical bonds between atoms; and a nuclear component, which
accounts for binding forces in the nucleus.”

One or combination of the following heats is utilized in TES

systems:

1. Sensible heat: The change in internal energy resulting from a
change in the temperature of a material is utilized in this method.
The effectiveness of sensible heat storage systems depends
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on the heat capacity and density of the storage medium where
volume is an important factor. Sensible heat storage may be
classified on the basis of storage materials used as liquid, solid
and hybrid systems.

2. Latent heat: The internal energy change accompanying a phase
change of the material is used for energy storage. The phase
change can be solid-solid, solid-liquid and liquid-vapor. The latent
heat of solid-solid phase change is small. Solid-vapor and liquid-
vapor transitions typically have a large latent heat transformation,
but the large changes in volume make the systems complex and
impractical. Solid-liquid transformations involve relatively smaller
change in volume. The energy storage density of a latent heat
system is typically higher than a sensible heat system.

3. Chemical reaction heat: Thermal energy may also be stored as the
energy of a chemical compound, and energy can be repeatedly
stored and released in the same materials by reversible chemical
reactions. This generally involves a reversible chemical reaction,
absorption, adsorption or a hydration process. In principal,
every chemical reaction can be reversed if it is carried out under
suitably controlled conditions. Reactions absorb energy when
proceeding in one direction and release it when proceeding in
the reverse direction. The energy storage density of reversible
chemical reactions is generally higher than the latent heat
transitions.

2.2. Technologies

Thermal energy storage technologies that can be used in solar
applications are:

» Underground Thermal Energy Storage (UTES)

D Phase Change Materials (PCM)

D Sorption and Thermochemical Storage

D Building structure

D Water tanks

2.2.1. Utes

Underground soil and/or rock provide a large, invisible and isolated
storage volume. UTES technologies use the heat capacity of this
volume to store thermal energy from any natural or artificial source
for seasonal or diurnal applications. These technologies, shown in
Figure 1 [5] are:

D Aquifer Thermal Energy Storage (ATES)

D Borehole Thermal Energy Storage (BTES)

D Cavity (tanks, pits, caverns) Thermal Energy Storage (CTES)

Heat and/or cold from any natural or artificial source can be stored
underground seasonally with these technologies. The Netherlands
is the leading country in the world in the number of Aquifer Thermal
Energy Storage (ATES) applications reaching 600 by the year 2006
[6]. 78% of these projects are for buildings, 12% for industry and
10% for agriculture. ATES has become a standard design option
for large buildings in The Netherlands. 15 PJ of energy, which
is equivalent to 200 million m3 of natural gas is expected to be
replaced by TES systems in the Netherlands by the year 2020
[7]. Sweden is also a leading country in UTES applications. The
contribution of 50 large scale ATES and 300 BTES projects to
CO2 emissions reduction in Sweden is 2.3 million tons/year. This
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Figure 1. UTES technologies [5]

value is equivalent to 3.5% of the total CO, emissions in Sweden

[8].

“Solarthermie — 2000” Programme that started in Germany had
the purpose of improving and demonstrating the technical and
economical feasibility of various large scale seasonal thermal
energy storage and system concepts [9]. 8 large scale systems
have been built using different storage technologies and designed
to cover 30-62% of the annual heat demand of newly developed
housing areas by solar energy. Technical design data of these
projects were reported in previous studies. Different UTES
technologies were used in these solar energy plants: Concrete
tanks buried underground, underground gravel-water heat store,
BTES, ATES [9,10].

2.2.2. Pcm

PCMs have been used for various heat and cold storage applications
since the 1800s. PCMs that can be used for thermal energy storage
can be classified as follows [11]:

D Inorganic materials — eutectics and mixtures (hydrated salts)
D Organic materials- eutectics and mixtures (paraffins and fatty
acids)

Ice and snow, which are not included in the above classification,
are the oldest known natural PCMs used for cooling. Modern ice
storage systems use refrigeration machines to produce ice during
a lower cost window and then to melt this ice for cooling during
the peak window. Ice thermal energy storage uses the latent
heat of fusion of water (335 kJ/kg) at 0°C. To store this energy,
refrigeration equipment must operate at temperatures below the
normal operating range for air-conditioning applications.

Organic and inorganic phase change materials offer a wide range
of melting points. The heat of fusion — latent heat - (solid-liquid)
or heat of crystallization (solid-solid) accompanying phase change
is utilized by thermal energy storage systems. Phase changing
process is isothermal. PCM with a high phase changing energy
and melting point that is appropriate for the application is selected
for the thermal energy storage system. A review of PCMs is given
by several previous studies [11-15].
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Recently, PCMs are microencapsulated with diameters in the range
of 2-20 um to offer the advantage of very high surface area/volume
ratios and extremely short transport distances [16-18]. There are
commercial microencapsulated PCMs for mainly passive building
applications [19].

PCMs can be used in solar applications like free cooling with night
time air [20], enhancing stratification of solar domestic hot water
tanks [21], air based roof integrated collector [22], solar assisted
heat pump with a latent heat storage tank [23], solar collectors [24]
and absorption solar cooling to store waste heat [25].

2.2.3. Sorption and Thermochemical Storage

Thermochemical storage (TCS) system consists of a working fluid
(mostly water) also called sorbate, and a sorption material usually
referred to as sorbent. The sorption material can be porous solids
(e.g. silica gel, zeolite) or salt hydrate solutions with a high affinity
for water. TCS is based on the principle that the sorption material
releases water vapor when heated and releases heat when water
vapor is adsorbed or absorbed. TCS systems can be open or closed.
In open systems the gaseous working fluid is directly released to the
environment. Examples of open systems are sorption processes
for dessicant systems and heat storage systems based on the
adsorption process. Closed systems work with a closed working
fluid circuit, which is insulated from atmosphere [26].

Another way of TCS is through using reversible chemical reactions.
Solar thermal energy can be used to drive an endothermic reaction
and thereby store solar energy. During the reverse exothermic
reaction, the thermal energy will be released, generally at a different
temperature level. Many chemical reactions that can be utilized
for solar energy storage have been identified previous researches
[27].

2.2.4. Building Structure

Building structure is used as storage media to reduce heating/
cooling loads at peak hours. Since concrete has large volumetric
specific heat, it can store relatively large amount of heat if it
can be cooled or heated effectively. Traditional architecture in
Mediterranean climates used thick walls to benefit from this effect.
Modern light weight buildings usually have very poor thermal mass.
PCM addition to the building structure can enhance the thermal
PCMs are installed in various locations in the building
structure to store cold from night time and use it for cooling during
daytime or vice versa for load shifting purposes. Such buildings
are also known as thermally activated building systems (tabs) [28].
PCMs can be used in the building materials, slabs, ceilings and
floors.

mass.

Schossig et al. [29] tested the microencapsulated PCMs in full-size
rooms. Air temperature difference of 4°C was achieved between
a room with PCM and the reference room without PCM, allowing
decreasing overheating effects of external thermal conditions such
as temperature and solar fluxes. The first products, which were
used in this test, are now available on the market. Results from
several pilot plants show that PCM in building materials can be
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effective in load leveling by managing the solar gain of buildings
[30-32].

2.2.5. Water Tanks

Solar thermal energy can be directly used for hot water production
from solar collectors of different types for different heat levels. At
present the largest market for solar applications is the residential
buildings [33]:

D Solar domestic hot water (SDHW) systems
D Solar domestic hot water and heating (SDHW&H) systems
D Swimming pool systems

Water storage uses the sensible heat capacity of water (4.184
kJ/kg.K) to store cold. The storage volume depends on the
temperature difference between the water supplied from storage
and return water. Water tanks are used for SDHW systems that
use solar heat only for the hot water load. Stratified water storage
is generally the simplest, most efficient, and cost-effective method.
Stratification in the water storage tanks is based on the density
difference of water to form horizontal layers or temperature zones
based on its density. Hot water is naturally above the layers of
cold water. Stratification allows an optimal use of the store with
limited heat losses. There are different methods for enhancing
stratification like using diffusers of different designs[34] and
adding PCM to water tank [21].

Solar combi systems are also known as solar domestic hot water
and heating (SDHW&H) systems, that use solar heat for both hot
water and space heating demand. There are two different heat
loads to supply using two separate heat sources, solar collectors
and an auxiliary heat supplier. In these systems the water store is
normally the central part of the system, and heat is usually stored
from both the solar collectors and the auxiliary heater. The two
loads are often supplied from the store. In order to accomplish
this, the store generally requires heat exchangers for solar
collector loop and for preparation of hot water, although immersed
tanks or separate tanks can be used for the later. Due to many
options available, many different solutions have been developed
and marketed. [35].

3. Some Recent Tes Solar Applications

3.1. Seasonal Storage

The Drake Landing Solar Community in the town of Okitoks,
Alberta, Canada is the first district solar heating plant in North
America (Figure 2) [36]. The system is designed to store solar
energy in the underground by BTES technology during summer
months and distribute the energy to each home for space heating
in winter. 90% of space heating load will be met by solar energy.
This is a first in the world. A reduction of approximately 5 tonnes
of greenhouse gas emissions per house per year is expected. The
BTES system has the following properties [37]:

D 144 - 150mm diameter x 35m deep boreholes spaced 2.25m on
centre
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Single polyethylene 25 mm U-tube

High solids grout — 9% Blast Furnace Cement, 9% Portland
cement, 32% fine silica sand, 50% water

24 strings of 6 boreholes in series.

Divided into four circuits and distributed through four quadrants
so that the loss of any single string or circuit has minimal impact
on the heat capacity on the entire system

All circuits and strings start from centre of the BTES and move
toward the outside to maximize stratification

Storage of solar energy started in June 21 2007. The construction
of 52 houses was completed by August 2007. The opening of the
system was realized in September 2007.

Figure 2. Okotoks district solar heating plant [37]

Anneberg — the new residential area in suburbia of Stockholm —
has a total 50 houses with a total floor area of 6000 m2 [38]. The
solar plant uses BTES system with 100 boreholes drilled to a depth
of 65 m. In the groundwater filled boreholes single U-pipes are
used. Roof integrated 2400 m2 solar collectors and the store cover
70-80% of the yearly heating and domestic hot water demand. The
system has been in operation since spring 2002.

In the ATES plant used for heating and cooling of a 360 m2
greenhouse in Adana, Turkey, greenhouse is used as a solar
collector [39]. The system was constructed in 2005. The plant

Figure 3. Aerial view of Gram District Solar Heating plant in Denmark (Foto:
Arcon Solvarme)

operated with 60% energy savings for growing tomatoes with a
20% increase in yield.

Danish storage for Gram District Solar Heating (Figure 3) is
expected to supply 17 % of the towns demand in district heating,
which is approx. the total demand of 190 single family houses [40].
In the first phase, 802 collectors are mounted in spring 2009. The
water pit storage used has a volume of 10 000 m3. They produce
approx. 7 MW yearly results in 4800 MWh and solar fraction of
117%. This leads to a CO2 emission reduction by 1,110 ton. The
expected life time for the installation is estimated to be 25 years.
The investment of 18 Million Danish Kroner is expected to be paid
back in 7-9 years.

3.2. Solar Cooling

Solar thermal energy is stored in a liquid dessicant cooling system
for an office building of Prochek Immobilien GmbH in Amberg,
Germany. The building with a floor area of 5700 m2 has been
designed for an annual demand for heating as low as 35 kWh/
m2. A special dehumidifier, developed by ZAE Bayern, using
evaporative cooling from the exhaust air flow, provides high system
efficiency and low desiccant regeneration temperatures, which
can be efficiently delivered by economic flat plate collectors. The
desiccant cooling system is designed for a maximum air flow of
30.000 m3¥h. The design point for cooling is defined as 32°C and
12 g/kg outside air and 24.5 °C and 8.5 g/kg supply air. Under
these conditions the air cooling demand is about 80 kW and
dehumidification demand is 70 kW. A total air conditioning capacity
of 150 kW is required. Thermally activated ceilings are used to
heat and cool the building. In summer the ceilings are cooled by
groundwater. Therefore humidity control is required to prevent
humid air condensing on the ceilings. The humidity is controlled by
solar driven liquid dessicant cooling and dehumidification system
as shown in Figure (4) [41].

Callector
Adrium

Hot Water

Figure 4. Liquid dessicant cooling system for an office building of Prochek
Immobilien GmbH in Amberg, Germany [41]

3.3. Solar Thermal Power Plants

Solar thermal power plants generate electricity using parabolic
through technology, linear Fresnel reflector technologies, single
tower systems, distributed tower systems and updraft towers [42].
For a continuous electricity generation, solar heat is transferred
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to a thermal storage medium in an insulated reservoir during the
day, and withdrawn for power generation at night. Several storage
systems at high temperatures (>200°C) for solar power plants have
been proposed in literature [43]: sensible heat storage in liquid and
solid media, latent heat storage and thermochemical storage.

Figure 5 is showing the aerial view of Solar Two thermal power plant
in Nevada, USA. Solar Two used molten salt to store solar heat.
The very hot salt was stored and used when needed to produce
steam to drive a turbine/generator that produces electricity. The
system operated smoothly through intermittent clouds and continued
generating electricity at night. Molten salt, which is 60 percent
sodium nitrate and 40 percent potassium nitrate, is preferred in
such solar power tower systems because it is liquid at atmospheric
pressure, it provides an efficient, low-cost medium in which to store
thermal energy, its operating temperatures are compatible with
today’s high-pressure and high-temperature steam turbines, and
it is non-flammable and nontoxic. In addition, molten salt is used
in the chemical and metals industries as a heat-transport fluid, so
experience with molten-salt systems exists in non-solar settings.
The salt melts at 220 °C and is kept liquid at 290 °C in an insulated
storage tank. [44]. The storage tank can be seen in Figure 5 next to
the tower.

\-"‘

Figure 5. Aerial view of the Solar Two facility, showing the power tower (left)
with storage tank next to it and surrounded by the sun-tracking mirrors [44]

4. Conclusions

There is an urgent need to exploit the solar energy to meet the
growing energy demand and to sustain the life on earth. The solar
plants reviewed here show that thermal energy storage is an
essential part of any solar energy system. The number of projects
and countries where they are located are increasing, but still not
at a desired level. Solar energy is abundant in many countries, but
current applications are only situated in a few countries around the
world.

What makes these countries unique is mainly caused by human
factor. This factor consists of a good mixture of at least three
groups of people. First a government who supports the technology
by funding research, subsidizing projects and making energy
saving a strong political issue. Example for this is the Solarthermie
Programme in Germany. Secondly, there have to be consultancies,
strongly innovative by designing and marketing non-standard
options. And finally the market must consist of some pioneers
who would like to use this technology because they believe in the
environmental and economical benefits.

o
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Once solar systems are mass produced like conventional, fossil
energy systems, and integrated into buildings, thus replacing
conventional systems they will become competitive. A corrective
pricing mechanism, such as a carbon tax, will also help
competitiveness.
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ULUSAL FOTQVOLTAiK TEKNOLOJi PLATFORMU YOL HARITASI,
EGITIM VE STANDARTLAR CALISMALARI

ilker ONGUN
Ege Universitesi Ege Meslek Yiiksekokulu

1. Ulusal Fotovoltaik Teknoloji Platformu

Butun diinyada oldugu gibi Avrupa’da da hizla glindeme yerlesip,
siyasal, ekonomik, sosyal ve cevresel algilari degismeye zorlayan
“Yenilenebilir Enerji” kavrami bilesenlerinden en blyik payi
“fotovoltaik-FV” almaktadir. Bu hizli déniisim slrecinde ulkemizin
de saglkl imkéan ve kosullar ile yer almasini saglamak uzere, 1
Eyliil 2008 tarihinde Ege Universitesi tarafindan TUBITAK destegi
ile Isbirligi Aglar Projesi (iISBAP) kapsaminda Ulusal Fotovoltaik
Teknoloji Platformu-UFTP  kurulmustur. Turkiye’de fotovoltaik
teknolojilerinin, pazarinin ve istihdaminin dizenlenmesi ve
saglikli gelisimi icin Universite, girisimci, finans sektdrl, devlet
ve yerel yonetimleri bir araya getiren bir ortak platform olarak
tanimlanabilecek olan UFTP’nin yapisi $ekil:1de verilmistir.

UFTP, Uyelik temeline dayanan bir yapilanma icindedir ve
butcesinin blyuk bélimuind, tyelerin katkilari ile olusturmaktadir.
Sayisi 42’ye ulasan ve yeni katimlarla halen artan UFTP Uyeleri,
Tablo:1 de sunulmustur.

2. Yol Haritasi Calismalari

Temel hedefi Ulusal Fotovoltaik Yol Haritasini olusturmak olan
UFTP, bu dogrultuda kapsamli galismalar yiiriitmektedir. Uyelerinin
yani sira, ilgili tm taraflarin da katkisi saglanarak 2-3 Ekim 2009
tarihlerinde TUSSIDE Merkezinde;

D Gunes Enerjisi Santralleri (Lisansh)

D Kiigiik ve Orta Olgekli Uygulamalar (Lisanssiz)

D Silisyum Kilge / Dilim / Hucre / Modl Teknolojisi

» ince Film, Gelismekte olan ve Yogunlastiricili Teknolojileri

D Denge Bilesenleri (Balance of Systems (BoS)) Teknolojileri

» Hizmet / Urtin Standartlari, Egitim, Farkindalik Gereksinimleri
gruplar halinde bir araya gelinmis ve bir beyin firtinasi/fikir
sagma toplantisi gergeklestirilmistir. Bu genis kapsamli toplanti
sonrasinda, Ulusal Fotovoltaik Yol Haritasi i¢cin énciil sayilan bir
Fotovoltaik Vizyon Raporu olusturulmustur. Bu raporda platformun
Oncelikleri oldugu kadar, kisa uzun ve orta vade igin tirli alanlarda
ne gibi diizenlemeler yapilmasi yada ne gibi beklentiler oldugu gibi
cok degerli bilgiler bir araya getirilmistir. “Tiirkiye icin Fotovoltaik
Sanayii Yol Haritasi Ortak Akil Platformu® Raporu” adiyla
yayinlanan bu rapor, llkemizdeki en kapsamli fotovoltaik 6ngéri
raporudur.

Yol haritasi ¢alismalari, vizyon raporundaki éncelikler, hedefler ve
zamanlamalar dikkate alinarak, platform alt ¢alisma gruplarinin
kendileri ile ilgili bélumleri inceleyip mevcut gelismeleri de dikkate
alarak glincelledikleri Vizyon Toplantilari ile surdurdimektedir.
Alt grup toplantilarinin ardindan Turkiye Fotovoltaik Yol Haritasi
Taslagl ortaya cikacaktir. Bu taslagin belirlenmesinden sonra
ortaya cikacak guncel degisim, dénisim ve beklentilerin de
degerlendirilmesi ile 2011 3. Ceyrekte 5-10 ve 20 yillik éngbrdileri
iceren nihai Fotovoltaik Yol Haritas “FV Turkiye:2030” olusturulmus
olacaktir.

3. Egitim ve Standartlar Grubu-FVES
UFTP calisma gruplarindan birisi olarak planlanmistir. TUSSIDE
Vizyon raporunda belirlenmis olan hedefleri sdyle siralanabilir:

1. Hedef: TSE ile birlikte calisarak, IEC ve CENELEC tarafindan
yayinlanmis butin FV standartlarinin Tirkcelestirilmesi ve

Yiiriitme Kurulu

Platform

Sekreterligi

Damgma
Kurulu

FV Teknoloji FV Giig Sistemleri Proje Ciktilarim Pazar Gelistirme FV Egitim ve
Arastirma Grubu Arastirma Grubu Raporlama Grubu ve Diizenleme Standartlar Grubu
(FVT) (FVGS) (PCR) Grubu (PGD) (FVES)

Sekil 1: UFTP Organizasyon yapisi
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TSE tarafindan Yayinlanmasi (2011 sonu)
a.Aralik 2009 itibariyle Ayna komite kurulmasi
b.FV Urin ve hizmet standartlarinin ilgili yasa, yoénetmelik ve
diger diizenlemelere sokulmasi igin ¢calismalarin yiratilmesi

2. Hedef: Uygulayici (tekniker) ve Planlayici (mihendis)

egitimleri ile ilgili calismalarin tamamlanmasi (2010 sonu)

a.Tekniker / teknisyen egitimi icin MEB, muihendis egitimi icin
ETKB onayl sertifikalarin sure¢ ve ydntemlerinin tanimlanmasi

b.Egitim mufredatlarinin belirlenmesi

c.Egitim stireg, kosul ve iceriginin belirlenmesi

d.Egitim sertifikalarinin hangi durum ve konularda gerekli sayil-
masinin belirlenmesi

Sekil 2: 2-3 Ekim TUSSIDE Gebze. UFTP Fotovoltaik Vizyon
Raporu ekibi.

3. Hedef: Uluslararasi akreditasyona sahip bir test merkezinin

2011 yilina kadar kurulmasi (2012 sonu)

a.Uretim ve ithalat icin test merkezi degerlendirmelerinin dikkate
alinmasinin saglanmasi

b.Merkezin kurulduktan sonra bir yil icinde TURKAK tarafindan
17025’e gore akredite edilmesi

c.Merkezin kurulduktan sonra iki yil icinde “IEC CB Scheme”
dahil olmasinin saglanmasi

4. Hedef: Bilin¢ ve farkindalik arttirma amach FV projelerinin

gerceklestiriimesi

Tablo 1: Ocak 2001 itibariyle UFTP lyelerinin listesi.

Universite ve Aragtirma Enstitiileri

Bilkent Universitesi Orta Dogu Teknik Universitesi
Ege Universitesi Kocaeli Universitesi
Hacettepe Universitesi Mugla Universitesi
Hali¢ Universitesi TUBITAK-UME
Kamu Kuruluslari
Bayindirlik ve iskan Bakanligi KOSGEB
Elektrik igleri Etit idaresi TEDAS Genel Md.
Enerji ve Tabii Kaynaklar Bakanligi TOKi
Gediz Elektrik A. S. TSE

Sanayi ve Ticaret Odalan

Antalya Ticaret ve Sanayi Odasi

Ege Bolgesi Sanayi Odasi

Dernek ve Vakiflar

Tirkiye Geng isadamlari Dernegi (TUGIAD) Gines Enerjisi Sanayicileri ve Endustri Dernegi (GENSED)
Temiz Enerji Vakfi (TEMEV) Ege Sanayici ve isadamlar Dernegi (ESIAD)
Ozel Kuruluslar
AGS Enerii ve Iletigim Sis. Ltd. Sti. Lodos Teknik A.S.
Airfel A.S. Mavisis A.S.
Aneltech A.S. Motif Proje ins. Ltd. Sti.
Batigim Eneriji Elektrik Uretim A.S. MTB Eneriji Ltd.
Enisolar Ltd. Nurol Teknoloji A.S.
Envy Enerji ve GCevre Yatirnmlari A.S. Orbit Muh. Ltd. Sti.
GEO Ltd. Sti. Turkiye Sise ve Cam Fab. A.S.
Girasolar Ltd. Sti. Vestel Dijital A.S.
inci Akii A.S.
Belediyeler

Antalya BuyUksehir Belediyesi

Bornova Belediyesi

Finans Kuruluslar

Tirkiye Kalkinma Bankasi A. S.
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a.Gorunur kentsel uygulamalarin desteklenmesi
b.Basin-yayin etkinliklerinin desteklenmesi
c.Yaygin tuketici egitim programlarinin hazirlanmasi

5. Hedef: 2012 sonuna kadar FV ile ilgili konularin egitim
prog-ramlarina (YOK, MEB) alinmasi
a.Onlisans programi olarak “Fotovoltaik Gii¢ Sistemleri Tek-
nikerligi” olusturmak icin YOK ile isbirligi yapiimasi
b.Meslek liselerinde “Fotovoltaik Gii¢ Sistemleri Teknisyenligi”
b&Iimu olusturulmasi icin MEB / Talim Terbiye ile isbirligi
c.ilkégretim okullarinda fotovoltaik bilgilerinin ilgili ders kap-

samlarina eklenmesi

Bu hedefler, teknoloji gelistirme, ar-ge ve diger sinai hedeflere
gbre ¢ok daha kisa erimli 6ngoriler icermekte ve bununla birlikte,
gerceklestiriimeleri cogunlukla bicimde isleyen slreclere girmeyi
yada slre¢ olusturmayi talep etmekle basarilacak islerdir.

4. MTC116 Fotovoltaik Sektér Ayna Komitesi
Standartlarla ilgili hedefler icin TSE ile birlikte calisabilme strecini
isletebilmede gerekli olan Ayna Komitesi kurulmasi girisimleri
oncelikli olarak gergeklestirildi. Ongoérillen zamandan 6nce
tamamlanan iglemler sonunda;

» Ege Universitesi

D UFTP

D Sisecam A. S.

D ANELTECH A.S.

D inci Akii A.S.

D Nurol Teknoloji A.S.

D Antalya Ticaret ve Sanayi Odasi
D Mavisys A. S.

D AGS Ltd. Sti.

» TUBITAK-UME

olarak siralanan 10 kurulugtan 18 tiyenin katilmi ile 20 Kasim 2009
tarihinde TSE Ankara Kampusunda ilk toplanti gerceklestirildi.
ikinci toplanti Ocak 2010 igin planlandi ve yapildi. Su anda biitiin
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standartlarin 2010 ilk yarisi i¢in planlamasi yapiimis durumdadir.
Bu asamada slreg, TSE'nin bile 6ngdéremedigi bir hizla
ilerlemektedir.

MTC116 Fotovoltaik Ayna Komitesi, UFTP-FVES yukim-
lultkleri arasinda en &nemli yeri tutan standart cevirme/
diizenleme/olusturma gérevlerini basariyla yiriten ve kendi
ayaklar Uzerinde duran bir komite olarak hayata gegirilmis
durumdadir.

Fotovoltaik esaslarin yasa, yonetmelik ve diger diizenlemelere
sokulmasi ve standartlarin bu yénetmeliklerce zorunlu kilinmasi
slrecine verilen katkilar da strmektedir. Bu gcercevede TEDAS ile
goérismeler yapilmakta, FV glc sistemlerinin elekirik sebekesine
baglanmasi ile ilgili esaslar belirleyen yonetmelik Uzerinde
birlikte calisiimaktadir. Bu kapsamda Mart 2010 basinda ortak bir
Almanya ziyareti ve bunu izleyen dénemde bir ¢alistay planlanmig
durumdadir.

5. Egitim ve Sertifikasyon Siirecleri

Egitim planlamalar ve miifredatlar icin izmirde Agustos 2009da
diizenlenen ve Ankara il Milli Egitim Miduarligunin Enerteach
projesinin de ele alindigi bir calistay diizenlenmistir. Bu ¢alistayda,
montaj teknisyeni egitimi ve ileri diizey fotovoltaik egitimi icin
gerekli temel dlcitler belirlenmis ve egitim paketleri icin program
taslak 6nerileri olusturulmustur.

Fotovoltaik Montaj Egitim Kursu
Hedef Kitle: Ustalik Belgesine sahip veya Teknisyen/Tekniker
diplomali
Alan: Elektrik/Elektronik/Makina/Tesisat
Verilecek Belge: Fotovoltaik Montaj Elemani Sertifikasi (MEB
Onayl)
Egitim Siiresi: 5 gliin (8 x 5=40 saat, 19 teorik+21 uygulama)

Ulkemizde fotovoltaik sistem kurulumu yapacak kisilerden, bu
egitimi alip belgelendirmeleri istenmelidir. Montaj elemanlari icin

Tablo 2: Fotovoltaik Montaj Egitimi kurs programi.

1. Gln 2. Gln 3. Gun 4. Gln 5.Gln
Yenilenebilir Eneriji Eviricl (MPPT
(140) virici ( )

Mevcut Yasal Durum
(1+0)

Isinim ve FV Etki (1+1)

Temel Elektrik (*)
(2+2)
veya
Temel Montaj (*)
(2+2)

Fotovoltaik Modul
Teknolojileri
(1+1)

Fotovoltaik Olgme ve

Degerlendirme (1+1)

Enerji Depolayicilar
(1+1)

Sarj Kontrol Uniteleri
(1+1)

(1+1)

Denge Bilesenleri ve
Baglantilari

@)

Denge Bilegenleri ve
Baglantilari

(1)

Tasltyici (Mekanik)
Elemanlar (2+1)

Sebeke Baglantisiz
Fotovoltaik Sistemler
(2+2)

Sebeke Baglantili
Fotovoltaik Sistemler
(2+2)

Kontrol Koruma
Bakim (3+1)

Sistem Montaji ve
Calistirma (0+4)

(*): Ek modiiller. Makina/Tesisat kokenli 6grenciler Temel Elektronik modiiliinii, Elektrik/Elektronik kokenli 6grenciler Temel Montaj modiiliinii alacaklardir.
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bu temel egitim gereginin aranmamasi durumunda, hizla artan
talep karsisinda, kalitesiz hizmet arzi ve olasi tehlikelerin ortaya
cikmasi kaginilmaz olacaktir. Bu denetimin saglanabilecegi
yoéntemlerin ve sertifikasyon slirecinin en kisa zaman belirlenerek
ilgili kurumlar (TSE, MEB, EIE, ETKB) ile isbirligi icinde yiiritilmesi
cok énemlidir. Bu egitim lisans dlizeyinin altinda oldugu icin, MEB
onayli egitim sertifikasi ile belgelendirilecektir.

Bu amacla Ulkemizde mesleki standartlarin olusturuimasi,
duzenlenmesi ve sertifikasyonu ile ilgili olarak faaliyet gdsteren
Mesleki yeterlik Kurumu-MYK ile ortak bir calisma ile yenilenebilir
enerjiler ile ilgili mesleki standartlarin belirlenmesi ve olusturulmasi
Uzerine isbirligine gidilmektedir. Bu isbirligi sonrasinda 2010 t¢lncu
ceyrekte, fotovoltaik alani ile ilgili yeterlikler ve meslek standartlari
olusturulmus olacaktir.

Benzer bicimde fotovoltaik sistem projelerinin hazirlanmasinda
gorev alacak kisilerin de bir egitimden gecmeleri ve bunu
belgelendirmeleri uygundur. Bu egitim lisans diizeyinde bir egitim
oldugu igin, sertifikasinin EIE ve/veya TEDAS tarafindan onayl
olmasi yeterlidir. Bu egitimlerin veriimesi ve sertifikasyonu igin,
Elektrik MUhendisleri Odasi ve Tesisat Muhendisleri Odas! gibi
meslek odalari ile birlikte ¢alisilacaktir.

ikinci egitim paketi, yatinmci, Gretici, proje hazirlayicilara yénelik
bir egitimi dngérmektedir. Universiteler ve 6zel kurumlar tarafindan
verilebilecek bu kurslarda, ilgili dallarda lisans mezunu kisiler ders
verebileceklerdir. Ancak ders igerikleri ve kurs siresinin, asagida
belirlenen ve daha sonra ayrintilandirilacak olan temel ¢cercevede
olmasinin saglanmasi gereklidir.

ileri Diizey Fotovoltaik Uygulama Kursu
Hedef Kitle: Bina Enerji Yoneticisi olabilme vasiflarina sahip
olan Kisiler
Verilecek Belge: Fotovoltaik Uygulayici Sertifikasi (ETKB ve
/veya EIE onayli)
Egitim Siiresi: 10 gun

icerik:

Eneriji, Cevre, Isinim, Fotovoltaik etki

Yasal HukUmler, S6zlesmeler, Sigorta Kapsami

Standartlar (Kalite Standartlari)

Sistem Bilesenleri

Tasarim Boyutlandirma Optimizasyonu

Hibrid Kullanim

Maliyet

Montaj Bilesen ve Yontemleri (+Uygulama)

. Test, Kalibrasyon ve izleme Yéntemleri

10. Bakim — Onarim (Koruma)

11. Is Guvenligi

12. Tasarim Uygulamasi

Calistayda olusturulan bu egitim paketi taslaklari, katilimcilarin ve
resmi kurumlarin katkilar ve dizenlemeleri ile son halini alacak
ve sektorel egitimde onceliklerin ve egitim katmanlarinin bir
drneklesmesi saglanacaktir.
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Bukurslarinhazirlanmasi ve yuritilmesiile kursu alanlarinistihdami
stireclerinde, ISKUR ve KOSGEB ile isbirligine giderek istihdam
artirict ve surdiriict proje girisimleri de gerceklestiriimektedir.
KOSGEPBR'in nitelikli isglct istihdamina yo6nelik destekleri,
KOBilerde egitimli FV teknisyenlerinin calistinimasina yénelik
gulzel bir baglangic olusturacaktir.

6. Farkindalik Projeleri

Egitim ve standartlar grubunun bir diger ¢calisma alani da kamusal
farkindalik ve biling artirmadir. Toplumda temiz enerji kavraminin
yerlesmesi, kabul gérmesi ve talep edilmesi igin gerekli calismalarin
yaygin medya Uzerinden yapilmasi icin gerekli dizenlemelerin
planlanmasi amaciyla cesitli girisimlerde bulunulmaktadir. Yerel
yonetimlerin sureglere dahil edilmesinin yayginlastirma ve kent
uygulamalarinin gerceklestiriimesi icin son derece énemli olmasi
nedeniyle, belediyelerden katim saglanmasi icin girisimler
yapllmaktadir. Bu cercevede, Antalya Blylksehir Belediyesi ve
Bornova Belediyesinin UFTP katilimlari gergeklestirilmistir. ABB
tarafindan gerceklestirilen glines projelerine, UFTP tarafindan
katki saglanmaktadir. Benzer bicimde Bornova Belediyesi ile de
g6ranarlik projeleri kapsaminda galismalar yiritulecektir.

Platformun farkindalik kapsaminda degerlendirilebilecek bir diger
girisimide, meslekodalarivebirliklerdeverdigi/planladigiegitimlerdir.
Ornegin 2010 ikinci geyrekte Tirkiye Belediyeler Birliginde, bitin
Turkiye’den belediye yetkililerinin katilacagi, fotovoltaik teknolojisi
ve uygulamalari Uzerine kapsamli bir bilgilendirme toplantisi
planlanmaktadir. Benzer bicimde yine Ankara’da, OSTiM’de, konu
ile ilgili yatinmci, girisimci ve sanayicilere, FV teknolojisi ve Uretim
gereksinimleri (izerine bir egitim verilecektir.

TemizDiinya Dernegi tarafindan ¢ikarilan TemizDiinya Rehberi’nin
editérligi de UFTP-FVES tarafindan Ustlenilmis ve yapilmistir.
Ayrica TRT tarafindan hazirlanan Nasil Calisir belgesel dizisinin
“Glines Pilleri Nasil Calisir” hazirlanmasinda
katki verilmistir. Sektér ve cevre dergilerine verilen yazilar da
bilinclendirme calismalari arasindadir.

bolimundn

Ulkemizde diizenlenen ve genelde yenilenebilir enerji, 6zelde
fotovoltaik icerikli buylUk fuar ve benzeri organizasyonlarin
desteklenmesi de ¢ok 6nemlidir. Bu kapsamda Mart 2010’da
yapilacak Gines Enerjisi Fuarinda oturumlarin dizenlemesi
Gstlenilmigtir. Fuar icin planlanan etkinlik dizisi, teknik, teknolojik,
ekonomik ve sosyal icerikler arasinda bélusturulmis ve paralel
oturumlar seklinde yogun bigimde siralanmigtir. Boylelikle
fuar ziyaretcileri, ilgi alanlarina goére istedikleri oturumlara
katilabileceklerdir.

7. Test ve izleme Merkezi

Turkiye'dekiureticilerinuluslararasipazaragikmalarininsaglanmasi,
ancak, uluslar arasi ve bazi durumlarda yerel standartlara uygun
Urtnler gelistirilmesi ile mimkindar. Turkiye’de dretim yapan
firmalarin Grlnlerine sertifika alabilecekleri yerli bir kurum yoktur ve
bu nedenle Uretilen Grlnlerin test edilmesi ve sertifikalandiriimalar
icin diger Ulkelerdeki test merkezleri kullaniimaktadir. Bu nedenle
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Turkiye'de ve belki de birka¢ bélgede birden, fotovoltaik ile ilgili
hizmet, Urln ve slrecler igin, test ve sertifikasyon merkezleri
kurulmahdir. Bu merkez(ler), yurtdisindan gelecek malzemenin
standart uyumlarini da test edecek kapasitelerde olacagi icin,
kalitesiz Urlnlerin i¢ pazari istilasini da énlemek mumkun olacaktir.
Ancak bunun iglemesi igin, yazili diizenlemelerde standart uyum
gereksinimlerinin ve sertifikasyonun belirlenmesi ve aranmasi
gereklidir. Ayrica sebeke baglantili sistemlerde Uretilen enerjinin
ekonomik ve istatistik nedenlerle izlenmesi de cok 6nemlidir.
Gérunen odur ki; 6nlimuzdeki on yil icinde dzellikle kent elektriginin
ciddi bir kismi dagittk FV sistemlerden saglaniyor olacaktir.
Bu dagihmin izlenmesi icin bir de, ulusal enerji takip sistemi
kurulmahdir.

Bu iki 6énemli ihtiyacin karsilanmasi icin gereken Ulusal Eneriji
izleme Merkezi ve FV Test Merkez(ler)inin olusturulmasinda,
kamu kuruluglarinin da katildigi ve yénlendirdigi olusumlar
planlanmaktadir. Bu amacla diger Ulkelerdeki uygulamalar
incelenerek, Turkiye kosullari ile karsilastirilarak ilk adimlar
atiimaya baglanmistir. ikinci asamada, yerlesik tesvik ve
destek mekanizmalarindan faydalanarak, s6zi gecgen tesislerin
gerceklestirilece@i 6ngorilmektedir.

8. Orgiin Egitim ile ilgili diizenlemeler

Diger alanlardaki tim calismalara gére daha uzun erimli olan ve
belki de uzun vadede en gerekli ve énemli konu, egitim sistemimiz
icinde genelde yenilenebilir enerji ve 6zelde glinesin vurgulandigi
mufredat degisiklikleridir.

Temel egitimde verilecek enerji verimliligi ve fotovoltaik bilgilerinin
uzun vadedeki gerekliligi ne kadar énemliyse, mesleki ve teknik
egitimde de, c¢ok blyuk bir istihdam baskisiyla gelisecek olan
sektorin nitelikli isglicti beklentisini karsilayabilecek bir yapi
olusturulmasi o kadar acil ve énemli bir ihtiyactir.

Dunyada miuhendislik alani olarak da yayginlasmaya baslayan
fotovoltaik konusunda, meslek liseleri ve meslek yuksekokullari
dlizeyinde egitim programlari olusturulmahdir. Bu hedef
dogrultusunda hem MYK, hem de MEB birimleri ile birlikte
caligiimaktadir. Mart 2010 iginde baglatiimasi muhtemel bir proje
ile Turkiye'de fotovoltaik konusunda mesleki ve teknik egitimin
yapisini olusturmaya baslayacagiz.

o
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VERIMi ARTIRILMIS FOTOVOLTAIK PANELLER:
HiBRID PANEL (PV/T) TEKNOLOJISIi iLE ELEKTRIK VE ISI ENERJiSi URETiMi

ismail Hakki KARACA
SOLIMPEKS Enerji San. ve Tic. A.S.

1. Giris

Glnumuzde hizla artan enerji ihtiyaci, alisilmis enerji kaynaklari-
nin hizli bir sekilde tlikenisi, cevre ve ekolojik sorunlar, temiz enerji
kaynaklarina ve ézellikle glines enerjisine olan ilgiyi artirmistir. Gu-
nesin sonsuz ve temiz bir enerji kaynagi olmasi, dinyanin enerji
tuketiminin yaklasik 10.000 kati kadar enerjiyi yerylzine génder-
mesi bu ilginin en 6nemli sebeplerini olusturmaktadir. Gunes ener-
jisinden 1sil uygulamalar ve elektrik Uretimi seklinde yararlanmak
mumkundur. Isil uygulamalarda termal kolektorler ve elektriksel uy-
gulamalarda glines enerjisini dogrudan elektrik enerjisine dénusti-

ren fotovoltaik (PV) moddller 6ne ¢cikmaktadir.

Dinyada PV modil tretimi yaygin olmasina ragmen PV modullerin
artan sicaklikla verimlerinin dismesi ve buna bagli olarak yatirm
geri donUs suresinin uzamasi, gunesten elektrik Uretimi yapacak
sistemlerin yayginlasmamasindaki en buyik nedenlerdendir. PV
modul kisminin sicakligini dolagimli bir akiskan yardimiyla disur-
mek mimkindur. Bu amagla son yillarda PV modullerin tek basina
kullaniimasina bir alternatif olarak ayni anda hem elektrik hem de
1l enerjisi Uretebilen, PV modulin sogutma diizenegi ile birlikte
kullanildigr hibrit PV/termal (PV/T) sistemleri lizerinde ¢alismalar
yapiimistir. Yapilan g¢alismalar PV/T sistemlerin asagida verilen

ana Ustunltklerini ortaya ¢ikarmigstir.

D PV modiliin elektrik iretim performansi artmistir.

D Hibrit PV/T sistemlerin kapladigi alandan Uretilen elektrik ve isi ener-
jisi toplami, bu alanin yarisinin PV modiille, kalan yarisinin termal
kolektdrle kaplanmasindan elde edilecek enerjiden daha fazladir.
Termal kolektdr ve PV moddllerin yan yana kurulmasi hem yer
kullanimi agisindan sikinti olusturmakta hem de géruntd kirlili-
gine sebebiyet vermektedir. PV/T moddller, ayni alan icerisinde
hem elektrik hem de sicak su Ureteceginden yer tasarrufu sag-
lamakla birlikte gériinti ve cevre kirliliginin azaltiimasina blyuk

katkida bulunmaktadir

gore daha dusuktar.

dolay! hucre édmdrleri artmaktadir.

Ulkemizdeki sanayi gelisimine paralel olarak elektrige duyulan ih-
tiyag artmaktadir. Cografi konum itibariyle glineslenme stiresi yiik-
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sek kusakta yer alan ulkemizde, PV/T sistemlerin performanslari ve
yatinm geri dénUs sureleri nedeniyle elektrik Gretiminde énemli bir
noktada olacagi dusinulmektedir. Enerji Gretiminde PV/T modiille-
rin yaygin bir sekilde kullaniimasi, zararli karbon ve sera gazlarinin
atmosfere salinim oranini dustrerek, KYOTO protokolii gerceve-
sinde karbon kredisi kazanimina katkida bulunacakir.

Dinyada ticari boyutuyla PV/T sistem Uretimi ve pazarlamasi giri-
simi yapan firma sayisi 10 civarinda olmasina ragmen, su an aktif
olarak satis yapan bir ka¢ firma vardir. Bu firmalarin PV/T sistemleri
modl halinde olmayip, PV moddil ile termal kismin kurulum asama-
sinda 6zel bir yapistirici ile birlestiriimesinden elde edilmektedir.

PV sektoriinde faaliyet gdsteren dlinyanin énde gelen firmalarinin,
Yole Développement adli arastirma kurulusuna PV malzemeleri
pazar payi ile ilgili olarak yaptirdiklar arastirmada, 1999-2008 yil-
lari arasindaki degisim ve 2015 yilina kadar olan éngdriler Sekil
9'daki gibi ortaya ¢ikmaktadir [1]. Sekil incelendiginde, gliniimiizde
yaklasik %80 pazar payina sahip olan kristalli silisyum (tek kristal
ve polikristal) PV hicrelerin gelecekte yaklasik % 75 civarinda bir
pazar payina sahip olacadi beklenmektedir. Kristalli yapidaki PV
hicrelerin veriminin sicaklikla dnemli bir 6lciide azalmasi sebebiy-
le, PV moddllerin yerine PV/T sistemlerin kullaniimasinin, enerji
kazanimi agisindan daha verimli ve bu yatirimlarin daha ekonomik
olacag gérilmektedir. Bu nedenle, diinya PV pazarinda PV/T sis-
temlerinin payinin hizla artmasi beklenmektedir.

Hibrit PV/T sistemlerin yatinnm geri dénls suresi, PV sistemlere

PV/T sistemlerde, PV hucrelerin sicakliklar disuruldiginden

Sekil 9. Degisik PV Hucrelerin Dliinya Pazar Paylari Ve 2015 Yilina Kadar
Olan Ongériiler [1]

Turkiye, dizlemsel termal kolektdér kurulum kapasitesi acisindan
dlnyada ikinci siradadir [2]. Ancak PV moduil kurulum kapasite-
si acisindan Avrupa Ulkelerinin oldukca gerisinde yer almaktadir.
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Enerji ve Tabii Kaynaklar Bakanlgi tarafindan ¢ikarilan yasa ile ye-
nilenebilir enerji kullanimi tesvik edilmeye baslanmis olup, bu tes-
viklerin arttinimasina calisiimaktadir. Bu durum, PV sistemlerinin
kullaniminin tlke genelinde hizla yayginlasmasina sebep olacaktir.
Ulkemizin giines eneriisi potansiyelinin birgok lkeye gére daha iyi
olmasi sebebi ile kurulacak olan PV sistemlerinde, yukarida belir-
tilen sicaklik etkileri daha fazla 6nem kazanacaktir. Bundan dola-
y1, Ulkemizde PV/T sistemlerine olan ilginin artmasi kaginiimazdir.
PV/T modiillerin ithal edilen ve edilecek bu tip sistemlerin yerini
almasi, fiyat ve kalite bakimindan avantajlar saglamasi beklenmek-
tedir.

2. Hibrid Panel (Pv/T) Teknolojisi

PV hiicreler, son 50 yil igerisinde bilim insanlarinin tizerinde calis-
tig1 ve uUlkelerin bu arastirma konularina verdigi énemli destekler
neticesinde daha yogun sekilde devam eden bir uygulama olarak
gorulmektedir. Arastirmalar, disuk maliyetli ve yuksek verimli PV
hucrelerin elde edilmesi Gizerine yogunlagsmaktadir. Calismalar so-
nucunda gelistirilen ¢esitli PV hiicrelerin ulagilan maksimum htcre
ve modul halindeki verimlilik degerleri Tablo 1’de gosterilmistir.

Tablo 1. Cesitli PV Hucrelerin Ulasilan Maksimum Huicre Ve Mo-
dul Halindeki Verimlilik Degerleri [3,4]
Laboratuvar Laboratuvar
Hiicre tiirii sartlarindaki maksimum | sartlarindaki maksimum
hiicre verimleri (%) modiil verimleri (%)
Tek kristal silisyum 24.7 22.
Polikristal silisyum 20.3 15.3
Amorf silisyum 12.2
HIT 21 18.4
GaAs 25.1
InP 21.9
CdTe 16.5 10.7
CIGS 19.9 13.8
Organik 8.2 4.7

PV hiicrelerin verimi artan sicaklikla azalmaktadir[5]. Bu sicaklik
etkisini azaltmak amaciyla, hem PV moduli hem de termal kismi
iceren uygulamalar ile ilgili calismalar yapiimistir. ilk calisma, Dela-
ware Universitesinde, K.W. Béer ve G. Tam tarafindan, “Solar One”
ismi verilen glines evi icin yapilan, hava 1sitma kolektérlerinin kul-
lanildigi PV/T uygulamasidir [6]. Daha sonra, 1976 yilinda, Martin
Wolf tarafindan diizlemsel termal kolektérin kullanildigi PV/T galis-
masi gerceklestiriimistir. Wolf, bu ¢calismada PV/T uygulamalarinin
PV glc sistemlerinin performansina etkilerini arastirmistir [7].

ilk gelistirilen ve yaygin olarak kullanilan PV hiicreler tek kristal si-
lisyum hicreler oldugundan, PV/T arastirmalarinin blyik kismi bu
tip hucreler Gzerinde yapilmistir. [5]. Sekil 1°de tek kristal silisyum
PV hiicrenin maksimum gug¢-sicaklik (Pm-T) grafigi gérilmektedir.
Sicaklik arttikga PV hiicreden elde edilen guiclin diger bir deyisle bi-
rim zamanda dénusturdlen enerji miktarinin énemli élctude azaldigi
gorulmektedir. Tek kristal silisyum modullerde, hlicrede olusacak
yaklasik her 1 °C’lik artig, elektrik tretiminde % 0,45 - 0,50 arasin-
da verim kaybina neden olmaktadir. [5,8].

o
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Sekil 1. Tek Kristal Silisyum Hicrenin Maksimum Pm(T) Gi¢ Egrisi [8]

Sekil 2'de; Hong Kong'ta tipik bir meteorolojik yil (TMY: Typical
Meteorolojical Year) icin TRNSYS (The Transient Energy System
Simulation Tool) programi kullanilarak yapiimis similasyon sonug-
lari gérulmektedir. PV hicrenin sicakhgr 80 °C’lere kadar ¢ikmasi-
na ragmen, ayni sartlarda yapilan PV/T similasyonunda ise sicak-
hgin en fazla 55 °C’de kaldigi gézlemlenmistir [9].

Sekil 2. Tek Kristal Silisyum Teknolojisinden Faydalanan PV Modiil Ve PV/T
Kolektor igin Sicaklik-Zaman Simiilasyon Grafigi [12]

Yapilan arastirmalar, PV modile gére, PV/T uygulamalarin hem
performans hem de ekonomiklik yéniinden iyi sonu¢ verdigini gos-
termektedir [10]. Sekil 3'te farkli PV gu¢ sistemlerinin geri dénisim
sureleri verilmistir [11]. Sekilde géruldugu gibi, polikristal Si (pc-Si)
PV modiillerin kullanildigi gl¢ sistemlerinde bu siire, konut uygula-
malarinda yaklasik 25 yil, endlstriyel sistemlerde ise yaklasik ola-
rak 21 yildir. Fakat PV/T hibrit sistem ile bu degderler konutlarda 10
yila, endustriyel PV/T sistemlerde ise 8 yila kadar dismektedir.

35
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Sekil 3. PV Ve PV/T Sistemlerin Yatirm Geri Dénus Sureleri [11]
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Yurtici, yurtdisi sektérel /ihtisas fuar ziyaretleri ve mevcut (rlin pa-
zar analizi sonucunda akiskan sogutmali PV/T sistem Ureten ve
prototipini gelistiren firmalarin oldugu tespit edilmistir. Bu firmalarin
isimleri Tablo 3'te verilmektedir.

Tablo 3. PV/T Uriin Cesitleri Ve Ureticileri [12]
Firma ismi Aciklama Durumu
Millennium | Ticari olarak camsiz PV/T sistemler .
Uretilmekte
Electric Uretmektedir.
Ticari olarak camli PV/T sistemler .
PV/TWINS Uretilmekte
Uretmektedir.
Ticari olarak camsiz PV/T sistemler .
Solon Uretilmekte
Uretmektedir.
. PV/T prototip Uretilmis ancak ticari Gretime .
Zenit . L Prototip
gecilmemistir.
PV/T prototip tretilmis ancak ticari Gretime .
Sollektor . L Prototip
gegilmemistir.
PV/T prototip tretilmis ancak ticari tretime .
ICEC . o Prototip
gecilmemistir.

Test sonuglarinda PV/T modulden saglanan parametrelere iliskin
degerler Tablo 4’te sunulmustur. Bu degerler Standart Test Sartla-
rinda (STC) elde edilen degerlerdir.

Tablo 4. PV/T Modiilden Elde Edilen Parametre Degerleri
Parametre Birim Hedeflenen Deger
= 175 (ikinci cam
Ortalama elektriksel glicii (Wp) (Watt)
yokken)
Gug Toleransi (= %) 8
Nominal gerilimi (Volt) 36
Elektriksel verimi (%) > 13,7
Maksimum sistem gerilimi (Vsys) (Volt) 1000
> 55 (ikinci cam
Termal verimi (%)
varken)
Maksimum Calisma Basinci (bar) 10

3. Hibrid Panel (Pv/T) Uretim Asamalan

PV/T modil prototipinin yapim asamalarinin blok diyagrami Sekil
6’da verilmistir.

Cam Temizleme
A
PV Hucrelerin Birlestiriimesi
A
PV Hucrelerin EVA Kaplanmasi Ve Laminasyonu
h
Termal Kismin Uretilmesi
v
PV Modill ile Termal Kismin EVA Kaplanmasi Ve Laminasyonu
>
TPT Kaplama

Sekil 6. PV/T Modiil Uretim Asamalari

Once, PV hiicrelerin konumlandirilacagi cam yiizey temizlenmek-
tedir. Uzerine EVA kaplama serilmektedir. Yapilacak (retime ve
Uretilecek olan glice gbre PV hiicreler seri ve paralel baglanarak
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PV matris elde edilmekte, pozitif ve negatif uclar yalitkan olan EVA
parcalariyla birbirinden ayriimaktadir. Bu islem sonucu olusan PV
matris yUzeyine tekrar EVA kaplama serilmekte ve laminasyon is-
lemi gerceklestirilerek PV modll elde edilmis olmaktadir. Bu PV
moddlin her bir siitununun veya satirinin altina bir termal sogurucu
yuzey gelecek sekilde termal kisim PV modul altina yerlestiriimek-
tedir. EVA ve TPT kaplanarak laminasyon iglemi gerceklestiriimek-
tedir. Termal kisimdaki sogurucu yuzey giris ve ¢ikis borulari ma-
nifolda takilmakta ve elektrik baglanti kutusu monte edilerek Uriin
tamamlanmis olmaktadir. PV/T modulln patlatma resmi Sekil 7°de
verilmektedir.

Uriin testleri yapilirken, PV hiicrelerinin seri ve paralel kombinas-
yonlari, termal kisim i¢in farkl materyal denemeleri, PV/T moduliin

= Temperli Cam

s EVA
——= Hicreler

EVA

Termal Kisim

EVA

« TPT

Sekil 7. PV/T Modiil Patlatma Resmi

dayaniklilik testleri, PV/T modulin camli/camsiz performansi, PV/T
modilin camli/camsiz elektriksel ve termal verimi parametreleri
dikkate alinmakta ve 6l¢timektedir.

4. Sonug¢

Elektrik igleri Etit idaresi (EIE) tarafindan hazirlanan Tirkiye G-
nes Eneriisi Potansiyel Atlasi (GEPA) incelendiginde tlkemizdeki
en disuk glnes 1sinimina sahip olan kuzey bélgelerde m?ye du-
sen yillk 1sinim miktari 1.450 kW olarak gérilmektedir. Bu deger
guines enerjisi sistemleri konusunda diinyanin énde gelen yatirimci
ve tesvikgi Ulkelerinden Almanya’da en iyi degerlere sahip Ulm ve
Augsburg gibi sehirlerde 1.400 kW civarindadir. Glines konusunda
ortaya konulan bu degerler llkemizde konuya verilen 6nemin ne
denli disuk oldugunun bir géstergesi iken, sektdrde ileri teknoloji
arlnlere duyulan ihtiyaci agikca ortaya koymaktadir.

Ulkemizde PV modiil tretimi ile ilgili galismalar halen devam et-
mekte olup, bazi girisimler Turkiye’'deki ilk modul Gretimlerini ger-
ceklestirdigini belirtmektedir. Bu noktada yerli kaynaklar kullanila-
rak gelistirilen PV/T moduller pazara bir alternatif sunmaktan éte,
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pazarin gelismesine ve yeni yatarim alanlarinin dogmasina katki
saglayacak bir girisim olarak éne ¢ikmaktadir.
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SOLAR PV: THE ROUTE TO GRID PARITY AND KEY REQUIREMENTS FOR
THE JOURNEY

Jerry STOKES
President
Suntech Power International Ltd.

Abstract

The enormous global solar resource available is well recognised as

is the tremendous potential this offers for Photovoltaic Solar PV.

In order that Solar PV can take a leading role in providing reliable,

clean, zero carbon, renewable energy several key factors must be

addressed:

1. Cost: Cost of energy generated must be compatible with that of
other renewable technologies and must be convergent with the
cost of traditionally generated energy.

2. Scale: Scale of manufacturing must be at the Multi-Gigawatt
level in order to “make an impact and make a difference”.

3. Reliability: Reliable and Robust technology and manufacturing
is necessary to ensure long life, optimised performance and
reliability of energy generation.

4. Legislation: Support by legislation at national level is essential
to encourage long term investment by manufacturers, resellers,
system designers, installers and end customers.

The presentation will address each of these key factors drawing
upon the experience of Suntech a global leading PV technology
company and the world’s largest manufacturer of crystalline PV
modules.
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YENILENEBILIR ENERJI iCiN ELEKTRIK ENERJISI
DEPOLAMA TEKNOLOJILERI

Muhsin MAZMAN
TUBITAK Marmara Arastirma Merkezi Enerji Enstitiisti

Cem KAYPMAZ
TUBITAK Marmara Arastirma Merkezi Enerji Enstitiisti

Davut UZUN
TUBITAK Marmara Arastirma Merkezi Eneriji Enstitiisii

Ozet

Bu gtin icin Dinya enerji ihtiyaci buytk oranda fosil yakitlardan sag-
lanmaktadir. Bu nedenle Duinya enerji sektéri petrol ve kémdr gibi
kaynaklarin asiri kullanimi, fazla enerji tliketiminden kaynakli cevre-
sel tahribat ve kaynaklarin tikenmesi problemleriyle yliz yiizedir. Fo-
sil kaynaklarin kullaniminin azaltiimasi icin yenilenebilir kaynaklarin
kullaniminin arttinimasi dnerilmektedir. Yenilenebilir kaynaklardan
elektrik dretimi icin en yaygin olarak kullanilan yéntemler rizgar ve
glines enerjisi sistemleridir. Bu sistemlerde Uretilen enerji stire¢ acgi-
sindan kesikli ve yogunluk acisindan degiskendir. Bu durum sebeke
lizerinde gerilim sorunlari yaratmaktadir. Ayrica bu sistemlerin sebe-
keye dogrudan baglanmasi sorunlara sebep olmaktadir. Bu sorun-
lar gidermek icin énerilen ¢6zim yollarindan biri de Cretilen elektrik
enerjisinin depolanmasidir. Elektrik enerjisini depolamada bataryalar,
volanlar, i1sil glines elektrik depolama, pompalanmis su depolama,
sikistiriimis havall enerji depolama ve stiper iletken manyetik enerji
depolama sistemleri kullaniimaktadir. Bu makale elektrik enerjisi de-
polama sistemleri, uygulama alani ve blydkltgline gore sistem secim
kriterleri hakkinda bilgi vermeyi amaglamaktadir. Ayrica yenilenebilir
enerji sistemleri ile kullanilabilecek batarya teknolojileri hakkinda bil-
giler icermektedir.

Anahtar Kelimeler: Elektrik Enerjisi Depolama, batarya, yenilenebilir
enerji, Pb-asit

Giris

GlnlUmuzde dlnya enerji gereksinimi blyik oranda fosil yakitlar-
la karsilanmaktadir. Fosil yakitlarin yakin bir gelecekte tlikenecek
olmasi, toplumlar tzerinde siyasal ve ekonomik baskilar yaratmak-
tadir. Bunun yaninda fosil yakit kullanimin gevre izerinde olumsuz
etkileri bilinmektedir. Fosil yakitlarin yanma Urlini olarak agida ¢ikan
COX, NOX, SOX gibi gazlarin atmosferdeki miktarinin artmasi; asit
yagmurlarina, ozon tabakasinin zarar gérmesine, sera etkisinin ve
atmosferdeki ucucu organik bilesiklerin miktarinin artmasina sebep
olmaktadir. Tim bu yanma Urtnleri kadar énemli olan diger bir unsur
da 1sil kirliliktir. Her tir yanma sonucu acida ¢ikan isi kiiresel isinmayi
tetiklemektedir. Bu sebeple yakma teknolojilerine gereksinimi azalta-
cak sistemleri gelistirmek ve yayginlastirmak énem kazanmaktadir.

Emre BiCER
TUBITAK Marmara Arastirma Merkezi Enerji Enstitlist

Alpaslan YILDIZ
TUBITAK Marmara Arastirma Merkezi Enerji Enstitiisi

Mustafa TIRIS
TUBITAK Marmara Arastirma Merkezi Eneriji Enstitiisii

Hidro

elel

Sekil 1. Diinya Enerji tiketimi [1]

Sekil 1’ den de gorilecegi gibi diinya % 75-80 oraninda fosil yakitlara
baglh durumdadir. Sekilde yer almayan cesitli yenilenebilir kaynakla-
rin toplam payi %1 civarindadir. Yenilenebilir kaynaklar dahil farkl
alternatifler Gizerine yogun olarak ¢aligmalar yuritilmekle birlikte diin-
yanin yikunu simdilik fosil yakitlar cekmektedir. Yakin bir gelecek-
te tikenme tehlikesi olmasa bu durumu sadece cevresel kaygilarla

a)Sektdrlere gore enerji kullanim b) Sektarlerden kaynakh CO2 emisyonlan

Diger
Hizmet 4%

9%

Diger
& Hizrnet

138, Ulagtirma
b

Ulagtirma
26%

6%

Evsel kullamim
21%

Evsel kullanim
29%

Endiistri
33%

Endstri
38%

Sekil 2. (a) Sektorlere gore enerji kullanimi (b) Sektérlerden kaynakli
CO, emisyonlari [2]
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degistirmek pek kolay olamayacakti. Ancak kaynagin sonlu olmasi
calismalar kaciniimaz hale getirmektedir.

Sekil 2'de dunyadaki enerji tiketiminin sektérlere gére dagilimini ve
sektorlerden kaynakli emisyonlar veriimistir. Tlketimlerdeki oransal
paylar korunsa da toplam ihtiyac duyulan enerji miktari surekli art-
maktadir. Enerji arz givenligi igin mevcut kaynaklar daha verimli kul-
lanmak, gelecekte mevcut kaynaklara destek olacak ve/veya yerini
alabilecek yeni kaynaklar Gzerine ¢alismak gerekmektedir.
Bu giin icin rizgar ve gines temelli yenilenebilir kaynaklar ¢éziime
katki saglamak noktasinda 6nemli alanlar olarak gérilmektedir. An-
cak her iki kaynaginda uygulamada karsilasilan sorunlari vardir. Bu
sorunlar su sekilde 6zetlenebilir;
D Ruzgar ve glnes siddetinin homojen olmamasindan kaynakli Gre-
timde dalgalanma
D Kaynaklarin surekli olmamasindan dolay tretimde kesintiler
» Uretilen kesikli, farkli siddet ve yogunluktaki elektrik enerjisinin se-
bekeye dogrudan beslenememesi
Sebekenin kabul edebilecegdi dengesiz yik sinirlari %5'i gegmeme-
lidir. Kurulu dagritim hatlari distnuldigiunde yenilenebilir kaynakla-
rn payi arttikca iletim hatlar burada Uretilen dengesiz yiki kabul
edemeyecektir. Bu durumda ya yenilenebilir kaynaklardan tretilecek
elektrik miktar iletim hatlarinin kabul kapasitesiyle sinirlandirilacak,
ya da iletim hatlari gelistirilecek, uygun evirici/ceviriciler gelistirilecek
ve yenilenebilir kaynaklardan Uretilen elektrik enerjisi depolanarak se-
bekeye beslenecektir.

Turkiye yenilenebilir enerji kaynaklar acisindan zengin kaynaklara
sahiptir. Bu kaynaklarin degerlendiriimesi icin Enerji Bakanhgi bagh
mudurltkler araciigiyla 6nemli calismalar yuritmektedir. Riizgar ve
Gnes potansiyellerimizin belirlenmesine ydnelik haritalama ¢alisma-
lari Ulkemizdeki riizgar enerjisi potansiyelinin 48000 MW oldugunu
hesaplamis olup ve 2020 yilina kadar bu potansiyelin 20000 MW’lik
kismini kullanilir hale getirmek hedeflenmektedir. Enerji Bakanligi ta-
rafindan olusturulan glines atlasinda 1650 KWh/m2-yil izerinde gu-
nes radyasyonu alan bélgeler giines termik santrali kurulabilir alanlar
olarak belirlenmistir. Calismada cografi kosullarda gozetilerek yapilan
degerlendirme sonucu 380 milyar KWh/yil'lik bir potansiyel hesaplan-
mis olup bu deger 56000 MW kurulu glgteki dogal gaz santralinden
Uretilecek elektrik enerjisine esit olarak degerlendiriimistir[3].

Her iki alanda tlkemiz agisindan biyik imkanlar bulunmaktadir. Bu
imkanlarin yaninda teknolojik kisitlarimiz mevcuttur. Enerijiyi Urete-
cek, depolayacak, dagitacak ve/veya sebekeye besleyecek sistem-
lerin teknolojisinin kazaniimasi gerekmektedir[4].

Gelecek dngorileri yenilenebilir kaynaklara 6nemli roller vermektedir.
Bu durumda yenilenebilir kaynaklari etkin kullanabilmek i¢in ¢éztimler
Uretmek gerekmektedir. Bu bildirinin konusu yenilenebilir kaynaklar-
dan Uretilecek elektrik enerjisinin etkin kullanilabilmesi icin énerilen
depolama ¢dzimlerini aciklamak ve etkinlik sinirlarini kiyaslamaktir.

Elektrik Enerjisi Depolama Gereksinimi

Elektrik enerjisini depolama ihtiyaci sadece yenilenebilir kaynaklar
icin var olan bir sorun degildir. Blyuk 6lcekli sabit alanda elektrik de-
polama 3 amag i¢in yapiimaktadir.
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Enerji Kalitesi (Power Quality): Enerji kalitesinin strekliligini sagla-
mak icin sadece saniyeler ya da daha kisa sureler mertebesinde
yapilan depolama

Gucu destekleme (Bridging Power): Saniyelerden dakikalar mer-
tebesine kadardir. Farkli enerji Uretim merkezlerini kesme/devreye
almalarda enerjinin surekliligini saglamak icin yapilan depolama
Enerji Yénetimi (Energy Management): Elektrik enerjisinin Gretildi-
gi ve tiketimine ihtiya¢ duyuldugu zamanlarindaki farklliklari ¢éz-
mek icin depolama. Enerijinin Uretim fazlasi oldugu (ucuz oldugu)
zamanlarda depolanmasi ve ihtiya¢ zamanlarinda kullaniimasidir
ki saatlerce sebekeden bagimsiz enerji kullanma olanagi saglar.

Yenilenebilir kaynaklarla ilgili intiyacin ¢cézuminde bu (¢ alaninda kul-
laniimasi gerekebilmektedir. Bu gereksinimler dogrultusunda enerjiyi
depolama kisa, orta ve uzun dénemli olarak yapilabilmektedir.

Kisa dénemli (sn-dk mertebesi)

Kesintisiz gui¢ kaynaklari, Gl¢ dengeleme sistemleri

Orta dénemli (dakika-saat)

Yenilenebilir kaynaklardan elektrik Uretimi, Sebekeye besleme, Voltaj
dengeleme, pik traglama

Uzun dénemli (saat-glin/ay)

Buylk depolama (pompalanmis su, ergimis tuz, basingl hava), Gece
ucuzken depola/giindiiz tiret

Elektrik Enerjisi Depolama Teknolojileri

Elektrik enerjisini depolamada bilinen en eski ve etkin yéntem elekt-
rigin kimyasal enerji olarak bataryalarda depolanmasidir. Kullani-
lan kimyasal yapilara bagl olarak bir ¢cok batarya cesidi mevcuttur.
Depolanacak enerjinin miktari arttikca geleneksel bataryalar ¢ézim
Uretmekte zorlanmaktadir. Bu noktada yeni teknikler ve yeni batarya
cesitleri gindeme gelmektedir.

Elektrik enerjisini depolamada asagidaki teknikler kullaniimaktadir:
e Bataryalar
* Pb-asit
¢ Derin desarjli Pb-asit
* AGM VRLA
¢ Jel Pb-asit
* NiCd
* NiMH
e Li-iyon
* Metal-hava
*NaS
* Flow Battery (akisl batarya)
* VRB (Vanadyum redoks batarya)
* ZnBr (¢inko bomir redoks batarya)
* PBS (polysilfid redoks batarya)
¢ Siper kapasitorler
¢ Volan (Flywheel )
¢ Isil Glines elektrik depolama
(Solar thermal electric storage (STES))
¢ Pompalanmis su depolama (Pumped hydro storage (PHS))
¢ Sikistirimis hava enerji depolama
(Compresed air energy storage (CAES))
¢ Siper iletken manyetik enerji depolama
(Superconducting Magnetic Energy Storage (SMES))
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Bataryalar

Elektrik enerjisini kimyasal enerji olarak depolayarak ihtiya¢c anin-
da tekrar elektrik enerjisine geviren sistemlere pil (cell), pillerin seri
veya paralel baglanarak olusturduklari yapiya akiimilatér (batarya)
denmektedir. Piller; birincil (Primer) tip ( Cinko-karbon, ¢inko-klorir,
alkali-mangan, ¢inko-hava, gimus-cinko, lityum temelli piller v.b. ) ve
ikincil (sekonder) tip bataryalar (Nikel-kadmiyum, nikel metal hidrir,
lityum iyon, lityum iyon polimer v.b.) olarak ikiye ayrilirlar. Birincil
piller sarj edilemez olup kullanimlari bitince yenilenirken ikincil pil-
ler elektrik kaynagi ile tekrar sarj edilebilme 6zelligine sahiptirler.
Kimyasal reaksiyonlardan alinacak olan elektrik enerjisi miktari,
100 mWh dugme pilinden 100 MWh’lik kesintisiz gii¢ kaynaklari
bataryalarina kadar oldukg¢a genis bir aralik gostermektedir. Bu
cesitlilik; cok 6zel elektriksel karakteristikleri saglayan, farkli ba-
tarya teknolojilerini ve hiicre tasarimlarini kapsamaktadir.

Sabit uygulamalar yaninda 6zellikle tasinabilir elektronik sistem-
lerin gelisimine paralel olarak depolanmis enerjiye duyulan ihtiyag
her gecen gln artarak devam etmektedir. Taginabilir sistemlerin
(haberlesme araglari, uzay ve uydu sistemleri, hibrit ve elektrikli
araclar, glines ve ruzgardan Uretilen elektrigin depolanmasi vb.)
ihtiyagc duydugu elektrik enerjisinin depolanmasi igin kullanilan
mevcut en yaygin teknoloji kimyasal pillerdir.

Ulkemiz batarya sektorii sadece kursun asit akilerin dretilmesi
alaninda faaliyet gdstermektedir. Kursun asit akimulatérler diinya
batarya pazarinda %50’nin (izerinde pay sahibidirler.

Lityum temelli piller kiiglik gereksinimde etkinken buyuk sistemler
icin pahali olmaktadir. Glvenli kullanim igin zorunlu olan kontrol
devreleri maliyeti arttirmaktadir. Bu sistemler hibrit ara¢ uygula-
malarinda gelecek vaat ederken daha biylk enerji depolama ge-
rektiren yenilenebilir kaynaklarda uygulanabilir gdrinmemektedir.
Ayni durum NiMH piller icinde s6z konusudur.

Metal hava sistemleri enerji yogunlugu olarak ¢ok biyuk olsa da
sarj edilmelerinde sorunlar vardir. Yeniden sarj verimi %50 civa-
rindadir. Primer (sarj edilemeyen) kullanimin ¢ézim olabilecegi
6zel uygulamalarda degerlendirilebilir.

Glnes pilinden elde edilen enerji depolamak icin NiCd tip batar-
yalar zaman zaman kullanilsa da bu sistemlerde buyik oranda

J4MW NAS INSTALLATION
for &10MW Wind Farm
Rokkasho,Japan

Sekil 3. NasS batarya [5]
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derin desarjli Pb-asit modelleri (VRLA, AGM, Jel) kullaniimakta
olup TMW’In Ustlinde fazla uygulama yoktur. En buytk uygulama
1988 de 40 MWh-Chino, Kaliforniya da kurulmustur. Bu tercihte
fiyat-performans isterleri dSnemli olmaktadir. Glines enerjisinden
elektrik elde eden sistemlerde aku guruplari ihtiya¢ duyulan akim
ve gerilim deg@erlerine gore seri ve paralel baglantilar kullanilarak
coklanir. Turkiye de kursun asit aki Gretimi yapan irili ufakl birgcok
firma olmasina karsin AGM, VRLA tipi ve jel tipi aki Gretimi blytk
cogunlugun Urin yelpazesinde yer almamaktadir.

Rizgar enerjisinin depolanmasinda giines icin kullanilan akiler
yogun olarak kullaniimakla birlikte riizgar tarlasi kurulan boélge-
lerde aku bloklari yerine alternatif olarak NaS (sodyum sulfir)
bataryalar ve redoks bataryalar kullaniimaktadir. NaS bataryalar
Japonya da ticari olarak kullaniimakta olan sistemlerdir. Calisma
sicakhgi 300 °C ve verimi %89’dur. Anot olarak Na ve katot olarak
ergimis kukurt kullaniimaktadir. Ylksek sicaklikli bir sistem oldu-
gundan isletme sartlari zordur. Japonya da 190 kurulu tesis 270
MW kurulu gu¢ bulunmakta olup Pik zamanlarda 6 saat ¢calismak-
tadir. En blyuk pil 34 MW olup ABD 9 MW tek modul yapmakta-
dir. Bu guin i¢in Dlnya da yilik tretim kapasitesi 90 MW olup 2010
icin ABD, Japonya, Avrupa da 150 MW tesis planlanmaktadir.

Redoks bataryalar (flow battery olarak ta adlandiriimaktadir)
elektrokimyasal bir enerji depolama sistemidir. Elektrolitler aktif
malzemeleri icerir ve bir birinden ayri tanklarda depolanir. Tanklar
ayri oldugundan galismadigi zaman negatif ve pozitif aktif mad-
deleri arasinda temas yoktur. Dolayisiyla kendiliginden desarji ol-
dukega kuguktir. Calisir durumdayken; tanklar icinde yer alan aktif
madde igeren elektrolit bir pompa yardimiyla tanklarin digindaki
dizgeler icinde dolastirilir. Dizgeler yakit pillerinde de kullanilan
membranlarla ayriimistir. Reaksiyon bu membran yardimiyla diz-
gelerde gerceklesir. Elde edilen elektrik dis devreden kazanilir.

ilk yapilan sekli Zn/Cl batarya olup Zn/Br, vanadyum (1.41 V at
25 °C) ve sodyum stlfat/sodyum polistlfat kullanan gesitleri bu-
lunmaktadir. Bataryanin kapasitesi kullanilan elektrolitin miktari
arttirllarak arttirilabildiginden rtizgar tarlalarinda yiuksek miktarda
enerjinin depolanmasi i¢in kullanilabilmektedir. BuyUk sistemler

Battery Flow Schermatic

S I SN RS WSS TELH -

Sekil 3. Redoks batarya [6]
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de bir tesis gibi ¢calismakta olup 1 kW’tan baslayarak MW’lar mer-
tebesine kadar elektriginin depolanmasinda ve gece ucuz elekt-
rigi depolama olanagini kullanmak i¢in kurulmaktadir. Turkiye de
bu uygulamalarla ilgili calisma bulunmamaktadir.

Siiper Kapasitérler

Ultrakapasitér ve slperkapasitér deyimi genel olarak sivi elektro-
lit icerisindeki ¢ok ylksek ylizey alanina sahip karbon iki elektrot
arasinda elektrik depolayabilen cihaza verilen genel addir. Enerji
elektrotlar arasinda sarj transferiyle depolanir. Depolayabildigi enerji
dusuk olmasina karsin glic seviyeleri yiksektir. Cok hizli sarj/desarj
olabilmesi, 10000°’den fazla sarj/desarj cevrimini rahatlikla saglamasi
onemli avantajlaridir. Stiper kapasitorler enerjinin depolanmasindan

cok gliciin dengelenmesinde kullaniimaktadir.

Volan (Flywheel )

Depolama kinetik enerji seklindedir. Blyik hacimli bir kitlenin dén-
mesiyle daha klguk volanlar hizli dénme hareketi yapar. Gi¢ yogun-
lugu yiksek, enerji yogunlugu distktir. Stuper kapasitérlerde oldugu
gibi kisa siireli depolamalarda etkindir. Ozellikle mobil uygulamalari
daha yaygindir. Tren/metro ve ara¢ uygulamalarinda oldugu gibi kisa
slrelerde ylksek hizlara ¢ikip hemen ardindan kisa surelerde ¢cok
dusuk hizlara inildigi durumlarda kullaniimaktadir. Hizianma periyo-
dunda volan ¢ok yiksek hizlara gikmakta yavaglamada dénem hare-
ketine devam ederek hizlanirken verilen enerjiyi depolamaktadir. Ya-
vaslama basamagindan sonra tekrar hizlanirken kinetik enerji olarak
depolanan enerji sisteme beslenerek geri kazaniimaktadir.

Isil Giines Elektrik Depolama (Solar Thermal Electric Sto-

rage (Stes))

Bu sistemde Gilines enerjisi odaklayici aynalar kullanilarak bir kule-
ye yonlendirilerek kulede ylksek sicakliklar elde edilir. Gln icinde bir
akiskan kuleden gecirilerek buhar elde edilir ve bu buhar bir tirbine
beslenerek elektrik elde edilir. Kulede olusan fazla isi ile tanklarda
depolu tuz isitilarak ergitilir. Glines olmadidi zaman ergimis tuzlarda
depolanmis 1si akiskani buharlastirarak tirbine buhar beslemek icin
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Sekil 3. Isil glines enerji depolama [7]

kullanilir. Tuz olarak tanklarda %40 KNO3 + %60 NaNO3 karigimi
kullanilir. Depolama tanlarinda ulagilan sicaklik 240-565 °C arasinda-
dir. Bu isi turbinlere gidecek suyu buharlastirmak i¢in kullanilir. Ticari
kurulumu mevcut olup 50 MW - 200 MW kapasitelerde kurulumlar

bulunmaktadir.

Pompalanmis Su Depolama

(Pumped Hydro Storage (Phs))

Suyun hidrolik enerjisinden faydalanmak icin potansiyel enerji sek-
linde depolanmasidir. Su kaynagina yakin kot farki olan bélgelerde
yuksek noktada bir gélet olusturularak dustik seviyelerdeki su ylksek
noktalara pompalanarak depolanir. Potansiyel enerji olarak depolan-
mis su hidro elektrik santrallerinde oldudu gibi bir tirbine beslenerek
elektrik elde edilir. Bu sistemde su pompalamak icin gerekli elektrik
enerjisi gece ucuz tarifeden saglanabilecegi gibi bélgede yenilenebilir
kaynaklarla elde edilen elektrik enerjisi de bu sekilde depolanabilir.
Bu sistemleri dezavantaji blytk hacimli géletler olusturmanin eko-
lojik dengeyi degistirme riskinin varhgidir. Ayrica uygulanmasi icin
su kaynagi ve cografi olarak uygun alan gerektirir. Buna karsin temiz
enerji depolamasi, depolama ¢evrim sayisinin ¢ok yliksek olmasi ve
depolama hacminin blyik olmasi 6nemli artilaridir.

Resim 1. Pompalanmis su Depolama [8]

Sikistirilmis Hava Enerji Depolama

(Compresed Air Energy Storage (Caes))

Hava yer alti maden yataklarinda ya da tuz kayalari icine agilan oyuk-
larda depolanir. Yer altindaki bu oyuklar dogal oyuklar, terk edilmis
maden yataklar v.b. olabilecedi gibi oyuk tuz yatagindaki tuzu ergi-
terek de acilabilir. Bu islem zorlu ve uzundur. Depolamaya yeterli

o Pank
Elwcircify In

Pheato Courtesy of CAES Development Companmy
Sekil 6. Sikistiriimig Hava Enerji Depolama [9]

buyUklukte bir oyuk Yaklasik 1,5-2 yilda agilabilmektedir. Gaz turbin-
lerinde kullanilan gazi %40 oraninda azaltarak ayni miktar elektrik
Uretimi sagdlayan bir sistemdir. Sistem elektrigin ucuz oldugu saatler-
de harcadigi yakitin 2/3'(i kadarini havayi tuz yataklarina basmak icin
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kullanir. Uretime gereksinim olan zamanda tiirbine/piston hareketine
bu hava beslenerek gaz tuketimi dusdrullr.

ilk ticari sistem 290 MW olup Hundorf, Almanya’da 1978 de kurul-
mustur. En bilyiik uygulamasi 2700 MW olup Norton, Ohio dadir. Bu
tesis yapim agamasinda olup. 9-inite havayi 103 bar da 670 m derin-
likteki kirectagi madenine basacaktir.

Siiper iletken Manyetik Enerji Depolama
(Superconducting Magnetic Energy Storage (Smes))
Enerji iyi izole kaplardaki ¢cok soguk sivilar (Sivi helyum) icine yer-
lestiriimis super iletken bobin icinde depolanir. Enerji DC elektrik
akiminin, sifira yakin direngteki stiper iletken bobinlerde manyetik
olarak dolasmasiyla depolanir. Buzdolabi buylkliginde alanda
250 kW-h enerji mikro-saniyelerle ve mikemmel bir gerilim denge-
sinde depolanir. Ancak depolama kisa surelidir (1-60 sn). Kapasite
0,3-3 MW arasinda olup verim %90 dolayindadir. Sistemin maliyeti
yuksek olup 6zel uygulamalarda uygulama alani olabilir.

Depolama Teknolojilerinin Kiyaslamasi

Elektrik enerjisi depolama teknikleri uygulamanin tird, yeri ve bi-
yuklugine bagli olarak birbirlerine gére Ustiinltige sahiptir [10]. Sis-
temlerin uygulamaya gére kiyaslamali tablosu su sekildedir:

Sonuc¢

Uygulama turd, gereksinim, dogal imkanlar ve maliyet degerlendi-
rilip en uygun depolama teknigi secilmelidir. Kiicik uygulamalarda
batarya bloklari kullanilabilir. Gerilim dengeleme ve gii¢ kalitesi art-
tirmada flow batarya, flywheel, stiperkapasitér ve SMES degerlen-
dirilmelidir. Akifer bélgelerinde, terk edilmis tuz/maden yataklarinda
basingli hava depolama uygulamasi galigilabilir. Pompalanmis su

PROCEEDINGS BOOK fuiue

depolama 6nemli bir alan olup degerlendiriimelidir. Bu sistemleri
hibrit kullanan ¢éztmler ¢aligiimalidir.
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Abstract

The world energy requirement is mostly supplied by fossil fuels.
The world is facing some threats in the energy sector, including
depletion of resources, environmental damages caused by exces-
sive energy consumption and the use of high energy sources, such
as petroleum and coal.

To reduce fossil fuel use is recommended to use renewable reso-
urces. Most important ways in electricity production from renewable

Tablo 1. Elektrik enerjisi depolama teknikleri

Giic seviyesi Enerji seviyesi Desarj siireleri Teknolojinin durumu
Bataryalar (Pb-asit, NiCd, NiMH, kW-500 kW MWh-100 MWh 1h-8h Denenmis, bilinir
Li-iyon)
Volan (Flywheels) 500 kW-1 MW 100 kWh-100 MWh <5 dk. Denenmis, bilinir
Pompalanmis su 100 MW-4000 MW 500 MWh-15 GWh 4-12 saat Gelistirme asamasi, ilk uygulamalar var
Sikistinimis hava 25 MW-3000 MW 200 MWh-10 GWh 1-20 saat Gelistirme asamasi, ilk ticari uygulamalar var
NaS 1MW 1 MWh 1 saat Gelistirme asamasi, ilk ticari uygulamalar var
Superiletken manyetik depolama 10kW-10 MW 10kWh-1 MWh 1-30 dk. Gelistirme asamasinda, ticari degil
Super kapasitor <250 kW 10 kWh <1 dk. Gelistiriimis
Akigl batarya 100 kW-10 MW 1-100 MWh 10 saat Gelistiriimis, demo projeler mevcut

Tablo 2. Elektrik enerjisi depolama teknikleri avantaj dezavantajlari

Depolama teknolojileri Avantajlari Dezavantajlari Gic | Enerji
Pompalanmis su Yuksek kapasite, dlsuk maliyet Ozel alan gereksinimi

Sikistirimis hava Yuksek kapasite, dlsuk maliyet Ozel alan gereksinimi, gaz ve yakit gereksinimi X
Akigl batarya Yuksek kapasite, arttirilabilir glic ve enerji seviyesi | Dustik enerji yogunlugu X
NaS Yuksek verim, yiiksek enerji ve gi¢ yogunlugu Yiksek maliyet, glivenlik riskleri X X
Bataryalar (Pb-asit, NiCd, NiMH, | yiksek enerji ve glic yogunlugu, Yuksek verim, | Yuksek maliyet, gvenlik riskleri X X
Li-iyon) bazilar diigiik maliyet

Volan (Flywheels) Yuksek giic Dustk enerji yogunlugu X
Stperiletken manyetik depolama Yiiksek glic Dustk enerji yogunlugu, yiksek maliyet

Super kapasitor Yuksek verim, uzun gevrim émri Dustk enerji yogunlugu X /
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sources are wind and solar energy systems. However, the two so-
urces in terms of the process of discontinuous and the intensity are
not homogeneous. This situation is creating voltage problems on
the grid. Also direct connection to the grid is big problem in these
systems. One of the proposed for the solution of the problem is sto-
ring the generating electricity. Electrical Energy storage techniqu-
es are Batteries, Flywheel, Solar thermal electric storage (STES),
Pumped hydro storage (PHS), Compressed air energy storage
(CAES) and Superconducting Magnetic Energy Storage (SMES).
This article is aiming to give information about electrical energy sto-
rage systems. It gives system selection parameter for application
area and application size. Also it is aiming to give information about
battery technologies which could be used in renewable source.

Keywords: Electrical Energy Storage, battery, renewable energy,

Pb-acid
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GUNES ENERJIiSi: EKONOMIYE ve iSTIHDAMA KATKISI

Miijgan CETIN
Yeditepe Universitesi

Kisa Ozet: Enerji ekonomik gelismenin 6nemli géstergelerinden
biridir. Glines enerjisi, sadece Tlirkiye icin degil, Dinya igin
gelecegin énemli enerji kaynagidir. Tirkiye ylksek glines enerjisi
potansiyeli acisindan dne ¢ikan bir llkedir. Bu ¢calismada amag;
glines enerjisinin 6nemi ve dlnyada yarattigi ekonomik ve
istihdama etkisini degerlendirmek ve bu etkilerden yola cikarak,
Tirkiye'nin gtines enerjisi potansiyelinin kullaniimasi durumunda,
Tlrkiye ekonomisine saglayacagi katki ile yaratacagi istihdam
agisindan bir degerlendirme yapmaktir.

Abstract: Energy is considered a prime a significant factor in
economic development. Solar energy is accepted as a key source
for the future, not only for Turkey, but also for the world. Turkey has
a considerably high level of solar energy resources that can be a
part of the total energy network in the country. The main objective
in doing the present study is to analyze the solar energy economy
and employement affects of the solar energy industry in the world.
In these concept, The solar energy potential of Turkey, the effective
utilization of this potential, economical and employment affects are
evaluated in this study.

Diinyanin Enerji ihtiyaci, Giines Enerjisinin Onemi ve
Yarattigi Ekonomik Etki

Bilindigi Gzere enerji, hayat kalitesini iyilestiren, ekonomik ve
sosyal ilerlemeyi saglayan en énemli faktérdir. Ancak, artan enet;ji
fiyatlar, kresel 1sinma ve iklim degisikligi, diinya enerji talebindeki
artis, hizla tikenmekte olan fosil yakitlara bagimhhgin yakin
gelecekte devam edecek olmasi, yeni enerji teknolojileri alanindaki
gelismeler, Ulkeleri yeni arayislara géturmektedir.Dinya’nin enerji
gelecegiile ilgili raporlara bakildiginda; 2000-2100 yillari arasinda
enerjiihtiyaclari ve kaynaklarindaki dagilimda, 2100 yilinda petrolun
iyice azalacagi, kémurin nerdeyse hi¢ kalmayacagi, glines enerjisi
kullaniminin ise ¢ok artacagr gérilmektedir. [']

2009 yilinda baglatilan, 2050 yilina kadar 554 Milyar USD bltcesi
olan DESERTEC projesi ile birlikte, Turkiye'nin alternatif eneriji
kaynaklari koridoru-hub’t Uzerinde 6nemini daha da artmigtir.
Turkiye; ekonomik giines enerjisi potansiyeli bakimindan; Orta
Dogu ve Kuzey Avrupa Ulkeleri harig, AB (ilkeleri icerisinde italya
ve Yunanistan't ge¢mekte ve Portekiz ile esdeger durumda
degerlendiriimektedir. [?] Dinya Enerji senaryolarinda enerji talebi
2006-2030 yillari arasinda her yil %1,6 blylimekte ve sonugta bu
gline gore %45 artisa ulasmaktadir. Bu talep enerji arzi yatirimlarini

Niliifer EGRICAN
Yeditepe Universitesi

da 2030 da 26.3 Trilyon USD’ a ulastiracagini gostermektedir.
Duinya elektrik enerjisi Gretiminde glnes enerjisinin kullanimi 2007
yilina gére 80 kat artarak 5 TWh den 402 TWh a ¢ikmaktadir. [?]

Glnes enerjisinden elektirik Uretiminde; fotovoltaik (PV) ve
konsantre termal (CSP) 6ne cikan iki dnemli teknolojidir. Dinya
Uzerinde 2007 yilinda IEA-PVPS (International Energy Agency-
Photovoltaic Power Systems Programme) Programina katilan
Ulkelerin PV kurulu kapasiteleri birikimli olarak 8 GWp ye erigsmistir.
Bu miktar 2006 yihinin 1/3 U oraninda arttigini géstermektedir.
Bu Ulkeler arasinda Almanya ve Japonya lider konumdadirlar.
Bununla beraber ispanya en hizli biiyiimeyi géstermistir. Yapilan
degerlendirmeler, Almanya’da hukimet politikalarinin gines
enerjisindeki liderligine blyuk katki sagladigini belirtmektedir.
Amerika Birlesik Devletleri ve Avusturalya Gines kentleri
kurmustur.  Avusturalya’nin 7, Amerika Birlesik Devletleri’nin
25 gunes kenti vardir. Hindistan Gulnes kentleri programina
baslamistir. [4]

Pazarin bu kadar hizli biylimesinin en 6nemli sebebi, destekleyici
mekanizmalardir. Bu mekanizmalar icerisinde sadece Feed-in
Tarif bulunmamakta, vergi indirimleri, yatinm garantileri v.b ilave
destekler de yer almaktadir. 2009 yili itibariyle 73 Ulke yenilenebilir
enerji politika hedeflerini belirlemis, 64 llke yenilenebilir enerjiden
elektirik Uretimi konusunda politikalar tretmis, 45 llke ve 18
eyalet-bolge ise Feed-in Tarif denilen destekleme mekanizmalari
olusturmustur. [°]

Global krizin sebep oldugu issizlik rakamlarini azaltma igin Amerika
Birlesik Devletlerinde Baskan Barack OBAMA Ocak 2010’da
acikladigi yeni programi ile 2,3 Milyar USD vergi kredisi programini
hayata gecirmistir. 17 bin yeni is olusturmayl amaclayan program
glnes ve rizgar gibi teknolojiler ile enerji verimliligini artirma
yoénundeki girisimleri iceren 183 projeyi kapsamaktadir. [¢]

Yapilan calismalarda glnes enerjisi teknolojilerinin en fazla
istihdam yaratan teknoloji oldugu belirtiimektedir. Gulnes enerjisi
ile yapilan 1 Milyon USD Ik yatinm 10 yil boyunca 5,65 kisi-yil
istihdam yaratmaktadir. (Ayni yatinrm kémur endUstrisinde 3,96
kisi-yil istihdam saglayabilmektedir) [7] Yapilan tahminlerde iyimser
senaryolarda Dinya’da 2030 yilinda
4,3 Trilyon USD satis, 37 Milyon kisi icin is imkani olusacagi
hesaplanmaktadir. [¢]

glines enerjisi alaninda
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Tiirkiye icin Giines Enerjisinin Onemi ve Ekonomiye
ve istihdama Yaratacagi Katki

Turkiye, enerji kaynaklarl bakimindan net ithalat¢i bir Ulke
konumundadir. 2008 yilinda enerji ithalatina 48,2 Milyar USD
harcamig, enerji arzinin toplam %7410k bolumu
karsilanmistir. Gelismis ve gelismekte olan ulkelerdeki egilimlere
paralel olarak tlkemizdeki nihai enerji tiketimi de@erlerinde elektrik
enerjisinin pay! artmaktadir. 2008 yilinda elektrik tlketimimiz
bir 6nceki yila goére %4.2 artarak 198.0 Milyar kWh olarak
gerceklesmistir. Elektrik talebinin 2020 yilinda dlsik senaryoya
goére 440,1 Milyar kWh dizeyine ulasacagl hesaplanmaktadir.
Artan elektrik talebini karsilamak uzere, 2020 yilina kadar olan
dénemde yaklasik 41.744 MWp olan mevcut kurulu gacimuizin
duslk senaryoya goére en az iki katina (80.000 MW) cikartiimasi
gerekmektedir. TUrkiye; enerji sektdrinin 2020 yilina kadar yatirim
ihtiyacinin 128-130 milyar ABD dolari olacagdi hesaplanmaktadir. [?]

ithalat ile

Tarkiye, yerli, yeni ve yenilenebilir enerji kaynaklar ile enerji
ihtiyacinin énemli bir kismini karsilayabilecek bir potansiyele
sahip olmasina karsin, henliz bu kaynaklar mevcut potansiyelin
cok altinda degerlendiriimektedir. TUBITAK; Tiirkiye’nin 2023
yilina yénelik enerji vizyon raporunda hedeflere ulasiimasi igin
oncelikli gorilen teknolojik faaliyet konulari arasinda glines
enerjisi kullanilarak elektrik Uretiminin énemi vurgulamaktadir.
['°] Turkiye'de yillik Gines isinimindan yararlanma stiresi 2.640
saati bulmaktadir. Elektrik isleri Etiit idaresi (EiE), Giines Enefjisi
Atlasi (GEPA) galismasi ile Glkemizin giines enerjisi potansiyelini
ortaya gikarmistir. EIE tarafindan yapilan 6n fizibilite calismalari
Ulkemizde ylksek glines enerjisi potansiyeline sahip (1.650 kWh/
m2-yil de@erinin tizerinde) 4.600 km2 ‘lik kullanilabilir alan oldugunu
hesaplamistir. [''] Bu alanda verimlilik ve etkinlik degerleri dikkatte
alinarak yapilan hesaplamalarda PV ve CSP teknolojileri ile 380
Milyar kWh elektrik enerjisi Uretimi anlamina gelmektedir.['?] Bu
deger Turkiye elektrik enerjisi tiketiminin 2 katidir.

Turkiye; 1980-2005 yillar arasinda, enerji alaninda arastirma ve
gelistirme calismalarina 120 Milyon USD harcamustir. Bu bitcenin
%15,6 s1 (17,4 Milyon USD) yenilenebilir enerji kaynaklari igindir.[%]

Glnes enerjisi, uzun vadede Turkiye’nin artan enerji ihtiyacinin
karsilanmasinda, gui¢ tedarigini yerli kaynaklarla ¢esitlendirmede,
yuksek glines potansiyelini degerlendirmede, iklim politikalarindan
dolay! gelisecek dislUk karbon hedeflerine ulasmada, enerji
sektoriindeki 6nemli yeri bakimindan Ulkemiz ekonomisinde
6nemli bir yer tutmaktadir. Ayrica, nitelikli istihdam ve katma deger
yarattigi icin yeni bir is alani acarak gelisen ekonomimize glc¢
katacaktir.

Gnes enerjisi teknolojileri ile elektrik tretiminin 6zetle;

D Enerji tuketiminde ithalat bagimliliginin azaltiimasi,

D Yeni olusan pazarda, firmalara strudurilebilir kiresel pazar
ortakhg! yaratmasi,

Yabanci yatirmcilarin tlkemizde yatinm yapmalarina olanak
saglayacak yeni bir alan acilmasi,

Yerli Ureticilerimizin kiresel pazarda ihracatlarinin artmasi,
Artan rekabet ile tlketicinin dusik fiyatta glnes enerjisi
kullaniminin saglamasi,

120

D Pazarlama, satis, arastirma, gelistirme isleri icin ylksek
yetkinlikte yeni is imkanin yaratiimasi,
D Teknolojik gelismenin saglayacag: itici gu¢ ile dinya

ekonomisinde s6z sahibi tilke olma yolunda ilerleme

D Pazara bir an once girmenin saglayacag avantajlar ile gelisen
pazarda ulke olarak yerimizi alma,

D Test, kalibrasyon, akreditasyon v.b gibi kalite gelistirmeye yénelik
calismalarin ve yatinmlarin artmasi ile yaratilacak ekonomik
kaldiractan faydalanma,

D Yaratilacak yeni ekonomiden olusacak vergi katkisi

Ayrica;

D Disuk karbon mono oksit emisyonu ile gevresel etkilerde
iyilesme

D iklim degisikligine olumlu etki

Yaratacagi gérulmektedir.

Yuksek Planlama Kurulunca, 18 Mayis 2009 tarihinde kabul edilen
“Elektrik Enerjisi Piyasasi ve Arz Guvenligi Strateji Belgesi’nde,
yenilenebilir enerji kaynaklarinin, elektrik enerjisi Gretimindeki
payina iliskin hedef ‘Yenilenebilir kaynaklarin elektrik enerijisi
Uretimi icerisindeki payinin 2023 yilinda en az ylzde 30 duzeyinde
olmasr’ olarak ifade edilmistir. Ayrica; bu belgede riizgar, jeotermal
icin hedef kurulu glic kapasiteleri net olarak belirlenmis olmakla
birlikte gunes icin de net hedef tanimlanmamistir. Yapilacak
calismalarda baz alinacak bir hedef deger olmasi énemlidir. Bu
ihtiyactan yola ¢ikarak, hazirlanan Yol Haritas’'nda; 2020 yil i¢in
elektrik tretiminde kurulu gii¢ hedefi CSP teknolojisi ile 200 MWp
ve PV teknolojisi ile 4800 MWp belirlenmistir. ['4]

Her 100 MW Ilik CSP enerji santrali 400 kisiye imalat isi, 600
kisiye proje ve kurulum isi, 30 kisiye ise bakim ve servis isi imkani
yaratmaktadir. Avrupa PV Ureticileri Birligi (EPIA) ya gére her
yeni PV Uretim tesisi 1 MW lik kurulu kapasite; 10 yeni imalat isi
ve 36 kisiye toptan ve parakende satig, kurulum ve bakim setori
icin istihdam yaratmaktadir. ['*] EUREKA raporlarinda ise 2020
yilinda Avrupa Birligi'nin hedeflerine ulasmasi durumunda 900.000
yeni is imkanin endlstride, hizmet alaninda ve Universitelerde
saglayacagini gostermektedir. ['°] Amerika Birlesik Devletleri'nin
raporlarinda Colorado eyaleti icin 2030 yili baz senaryolarinda PV
icin 13,5 Milyar USD satis hasilati ile 206.000 kisiye istihdam, CSP
icin 0,2 Milyar USD satis hasilati ve 3.800 kisiye istihdam ile toplam
209.800 kisilik istihdam yaratan toplam 13,7 Milyar USD tutarinda
yeni bir endlstri yaratacagi tahmin edilmektedir. ['7]

Turkiye enerji sektérinin 2020 yilina kadar yatirnm ihtiyacinin
130 Milyar ABD dolar olacagdi varsayimindan yola cikarak, bu
yatirmin bir kisminin da yenilenebilir enerji kaynaklarina ve
Ozellikle gines enerjisine -AB 6rneginden yola c¢ikarak %10-
15 lik oranin- yénlendirimesi durumunda yaratacagi istihdam
etkisi hesaplanmistir. Bu konuda; son 10 yilda buylk ilerlemeler
gerceklestirmis (yukarida detayli olarak sunulan) diinya Ulkelerinin
elde ettigi istihdam sonuglari dikkate alinarak tahminler yapilmistir.
Bu tahminlerde, 2020 yilinda Yol Haritas’'nda hedeflenen glines
enerjisi elektirik Uretim santralleri icin ayrilacak 13-20 Milyar
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USD lik yatirim ile, yaklasik 200.000-500.000 kisiye direkt olarak
Uretim, satis, proje, kurulum,servis alanlarinda istihdam olanag:
saglanmis olmaktadir. TUIK raporlarina gore 2009 sonu itibari ile 3
Milyon issizin yasadigi ulkemiz icin bu istihdam orani blyuk katki
anlamina gelmektedir. Mevcut endistri alaninda 1 Kisiye istihdam
yaratmanin maliyeti ortalama olarak 288.000 TL olan tilkemizde ; en
cok istidam yaratan gunes enerjisi teknolojik alaninda yatirimlarin
yaratacagi ¢i§ etkisi yaninda, istihdam yaratma maliyetlerini ciddi
sekilde iyilestirmis olacaktir.

Yenilenebilir enerji kanunu ile olusturulacak destekleme
mekanizmalari bu etkileri hizlandiracak ve yatirimcilara giivence
vermesi ile ekonomiye canlilik katacaktir.
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D As of 2008 global cumulative PV installations have reached
approximately 15 GW.

D Germany and Spain accounted for over 50% of the cumulative
installed PV capacity

Exceeding analysts’ forecasts, PV markets enjoyed a
CAGR of 47% between 2000 and 2008.
D Initial growth of the PV industry was driven by policy.

D In Europe feed-in-tariffs have been the primary policy tool to
drive solar deployment.

D Especially the “Renewable Energy Sources Act” (EEG)
established in 2000 and updated in 2008 has made Germany ROW
today’s largest PV market. FR 9%
D Ideal industry development conditions until 2008: demand was
far outstripping supply. ITS%
D In 2008 the PV market grew to more than twice its 2007 size, 3%
driven by Spain and Germany.
y Sp y KR
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Feed-in-tariffs have made Germany and Spain the JP
largest solar markets in 2008. 14%

D In 2008 global annual PV installations have reached
approximately 5.6 GW.
D Germany and Spain accounted for over 70% of the 2008 installed

PV capacity

23%
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Global PV market outlook until 2015 —Photovoltaic is a
growth market.

Range of PV market forecasts to 2013 [GW]
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While analysts’ market forecasts cover a wide range of data, with
CAGR between 24% and 68%, they unanimously expect continued
medium-and long-term growth.

Global annual PV installations [GW]
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Building on analysts’ market forecasts and its own industry
knowledge, Apricumestimates that annual new PV installation will
continue to growth at a CAGR of 40% between 2009 and 2015.

Drivers for continuing market growth.
1. In addition to the current primary markets, new PV markets with
annual volumes of 500 MW will emerge in the next 2 years.

2. Non-European markets are expected to achieve higher than
average annual growth rates.
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3. Germany, the largest solar market today, will continue to grow,
but the U.S., China and Middle East are expected to become the
next hot solar markets.

4.Market growth driven by:

D Rising energy costs

D Strong demand due to lower module prices

D Improved project financing conditions

D Stimulus impact finally materializing

D Increasing government support in many countries due to the
acceptance of global warming

D Many markets close to reaching unsubsidized grid parity

Annual PV installations by region [in %]
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Turkey is the leading economy in MENA and has a high D Growing electricity demand from 200 TWhin 2008 up to 450

solar irradiance. TWhin 2020

D Lack of power plants under construction or licensed may lead to
a supply gap of 20 GW in 2020

m D Ambitious renewable energy goals: wind and solar to reach 20%
. of generation capacity by 2020, i.e. up to 20 GW
[IE. — - - - D Expected grid congestions limit wind capacities and favor
— o = N decentralized photovoltaics, especially rooftop systems
= s D High electricity prices of around 0.20 €kWh for residential
e customers which are expected to rise within the next years
—
T EerE A three-way approach is necessary to develop a solar
Egyyt [ S o0t industry_
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Craathon of a sustainable and successful solar industry

Turkey has taken first steps towards developing a solar

industry.
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Turkish sites are well positioned among global leaders
but quality factors need to be tackled.
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The planned feed-in-tariff could create a large market.
D Planned FIT for PV of 0.25 €/kWh (first ten years) and 0.20 €/ kWh
(next ten years) (weighted average = 0.23 €/kWh) is considered
Particularly Southern regions in Turkey would greatly benefit
Based on current targets, the solar market potential could reach
8-10 GW

Small PV systems are excellently suited to tap market potential
as utility-scale installations face troubles with grid connection
Existing high awareness in population for solar potential and use
due to high deployment rate of solar thermal (7 GWth)
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Apricum’s team-internationallyexperiencedCleantech
expertswitha global network.

Apricum’s team-internationallyexperiencedCleantech
expertswitha global network.

Apricum’s expertise—Support for governmental
institutions, corporations and investors leveraging
their growth potential.

Apricum offers growth-oriented services for investors
and companies.
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HYDEPARK A STANDALONE RENEWABLE HYDROGEN
DEMONSTRATION PARK IN TURKEY

Nilifer ILHAN
TUBITAK Marmara Research Center Energy Institute
41470 Gebze Kocaeli TURKEY

Atilla ERSOZ
TUBITAK Marmara Research Center Energy Institute
41470 Gebze Kocaeli TURKEY

Abstract

The management of all work packages of HYDEPARK project was
carried by TUBITAK Marmara Research Center (MRC) Energy In-
stitute with the support of the collaborators. The main goal of this na-
tional project is to research hydrogen technologies and renewable
energy applications. Solar and wind energy are utilized to obtain
hydrogen energy via electrolysis. Hydrogen can either be used in
fuel cell or stored for further use. The project is in the demonstration
phase. The aim of this paper is to present the units of standalone
renewable hydrogen demonstration park and share the experimen-
tal results.

Keywords: Hydrogen, electrolysis, renewable energy,
standalone.

1.Introduction

Hydrocarbon fuel sources like natural gas and cost-effective renew-
ables are the main near-term sources for the hydrogen transition
while in the longer run more mature renewables will play an impor-
tant and ultimately a dominant role. The short-term aim in Europe
should be to increase supply from renewable energy sources on the
continent but in longer term, renewable energy sources will become
the most important source for the production of hydrogen. The hy-
drogen technologies of primary interest include renewable sources
(sun, wind etc.), biomass gasification and electrolysis with related
purification technologies (such as gas cleaning, pressure swing ad-
sorption, separation by palladium membranes, etc.). Currently, the
reforming of natural gas is the most economical process for produc-
ing hydrogen. Within decades, hydrogen produced from biomass,
wind and solar sources will be the ultimate, abundant, renewable
based energy currency. Producing hydrogen by processing hydro-
carbons or by electrolysis using electricity from fossil fuels releases
large amounts of carbon dioxide. However “well to wheels” compari-
sons of using hydrogen as a fuel take into account all such green-
house gas emissions and hydrogen still comes out on top. When
hydrogen is produced from renewable hydrocarbons, such as bio-
mass, or by using electricity from renewable energy sources, such
as wind power, the carbon dioxide emissions will be very less.

Hydrogen, in many respects, is much better as a fuel than exist-
ing transportation fuels. Hydrogen possesses a very high flame
speed and a wide range of flammability limit. A hydrogen-fuelled
vehicle is intrinsically devoid of problems such as vapor lock, cold
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wall quenching, inadequate vaporization and improper mixing. All of
these problems are very closely related to the characteristics of con-
ventional fuels such as gasoline and diesel, and they do not occur in
a hydrogen-powered vehicle. In the long term, hydrogen could play
a key role in adapting energy supply to energy demand as hydrogen
has the potential for large-scale, even seasonal, energy storage.

For both transport and stationary applications, widespread and
affordable production and a reliable hydrogen distribution system
should be in place. The outlook for future markets for hydrogen as
a fuel can be seen to be governing by two economic scenarios: (1)
hydrogen produced from fossil sources, and (2) hydrogen produced
from nonfossil sources. While not currently practical, it appears
that nonfossil energy sources will become dominant in the future.
Considerable progress has been made in the search for alterna-
tive energy sources since the oil crisis of 1973. A long-sought goal
of energy research has been a method to produce hydrogen fuel
economically by using nonfossil fuels such as sunlight, wind and
hydropower as the primary energy source. Although production of
hydrogen via the use of solar cells or wind has been regarded as the
cleanest and most desirable method, these processes do not supply
enough hydrogen at the present stage.

2.General Description Of Project

2.1.0verview

“Development of Hydrogen Production, Conversion and Storage
Technologies — HYDEPARK” project proposal was submitted to the
State Planning Organization of Turkey (DPT) for the national project
call in 2004 and the project started on 1st of June, 2005. The main
goal of this national project was to research hydrogen technologies
and renewable energy applications. A standalone renewable hydro-
gen production and storage system were established.

The project had two segments of the laboratory studies such as in-
door and outdoor applications. Indoor applications included the de-
sign and construction of reactor systems with the required sub-units
for hydrogen production from methane and purification of syngas.
On the other hand within the outdoor applications, hydrogen produc-
tion by renewable energy sources was investigated. Hydrogen can
either be stored for further use or directly utilized in a fuel cell sys-
tem to obtain energy. The purchase and integration of all the units
and sub-units were carried out by TUBITAK MRC Energy Institute.
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2.2.System Description

A standalone renewable hydrogen production demonstration park
powered by wind and solar energy has been designed, procured,
and constructed (Figure 1). Components of the park and their inte-
gration scheme can be seen in Figure 2.

-

Figure 1. HYDEPARK demonstration park
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Figure 2. System components

3.Description Of Components

3.1.Photovoltaic Panels

The photovoltaic system (Figure 3) includes totally 145 PV panels
and the total installed power is ~12 kWp in the standard conditions
(values correspond to 1000 W/m2, 25°C and 1.5 air mass). 120 PV
panels are CIS type thin film, which have 9.6 kWp total. 10 PV pan-
els are multicrystalline type and they were produced by Ege Univer-
sity Solar Energy Institute which is one of the support collaborator
organizations with TUBITAK. The multicrystalline solar power ca-
pacity is 1.2 kWp total. The rest 15 PV panels are monocrystalline
type, which have ~ 1.1 kWp installed capacity. The specifications of
the solar modules are shown in Table 1.

Table 1. The specifications of PV panels in HYDEPARK project
CIS Thin film Multicrystalline Monocrystalline
(120 PV modules) | (10 PV panels) (15 PV modules)

P max =80 Wp P max =119 Wp P max = ~70 Wp
Isc=1.3A Isc=7.57 A Isc=~43A
Voc=83.5V Voc =20.93 V Voc=~21V
Vmmp =66.3 V Vmmp =17.1V Vmmp = ~18 V
Impp=12A Impp =6.96 A Impp=~3.9A

o
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Figure 3. PV panels

3.2. Wind Turbine

The wind turbine power is 5 kWp which was produced by a na-
tional company in izmir, Turkey (Figure 4). The wind generator is a
permanent magnet and a three-phase synchronous machine. The
nominal power of the generator is 5 kVA and the rated rpm is 375
(the wind speed is 13 m/s). The DC output voltage is 45-60 V DC.
This voltage can be easily used for 48 V batteries charging. There is
also 220 VAC output voltage from the PWM inverter. The height of
the pole is 15 m. The blade radius is 1.65 m. The wind turbine pro-
duces electricity in the range of 3-13 m/s wind speed (Figure 5).

Figure 5. Output Power-Wind Speed (Electri-
cal) Characteristic of 5 kVA Generator.

Figure 4. Wind turbine

3.3. Batteries

All the generated electricity is stored in conventional stationary type
lead acid batteries which were produced by a national company
(Figure 6). The designed dc busbar voltage is set to be 48V. There-
fore 2V dc cells are connected serially in number of 24, in order to
achieve this voltage. The capacity of the desired battery is 1500Ah
which is enough for standalone application for overnight period.
The batteries are Low Maintenance Tubular Stationary (OPzS)
which are a new version of common lead-acid batteries. One of the
battery basic characteristic is that the capability to hold the active
material and charging and discharging ability at the same level.
Because the percentage of antimony in the alloy of lead is very
low, the batteries have a long operation life. In the structure of the
battery, tubular positive plates are used. The grids are pasted with
a specific active material and from the negative plates. Negative
plates are specially designed to match the capacity of the positive
plates. Micro porous separators which are strong, flexible to heat
and acid resistant are used. Because the separators are in a thin
structure, the internal resistance is reduced. The construction of the
vent plugs allows freed gases (H, and O,) to go out and prevents
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the leakage of electrolyte. Under normal floating charge conditions,
addition of water shall not be required for 2-3 years or more. The
batteries have a long life of 10-15 years or more. The dimension of
each battery (W x L x H) is 275 x 210 x 848 (mm). The weight with
acid is 114.3 kg for each battery. For the best power quality values
and the maximum storage efficiency a battery management system
including monitoring is planned for next step of the study. A detailed
characterization of battery is to be realized for optimum operation
conditions. Also other chemistries of battery technologies lie Li-ion
are tested, but for smaller capacities.

Figure 6. Batteries

3.4.Control Units / Converters / Inverters

The power electronic units and the control components of the sys-
tem are shown in Figure 7. As mentioned before, there are totally
145 PV modules in the system. Because the CIS thin film modules
(120 units) have less DC current output and much DC voltage out-
put, these modules are considered to be connected in parallel. This
provides to increase the array DC current output and it is more ef-
ficient for battery charging. The CIS thin film PV panels have been
mainly classified in three groups. Each group enters the MPPT
(maximum power point tracking) charging controller and then the
controller begins to charge the batteries. The battery group is held
in 48 V. The MPPT charge controller system ensures that the solar
array is operated at its peak power point regardless of age, shading
or environmental conditions. A peak operating efficiency of 98%
maximizes the PV array’s performance.

The design of the system aims to operate the electrolyser from the
renewable energy source. The electrolyser is operating in 220 V
and 50 Hz AC line. Therefore, it is required to create an AC bus in
the system design. The main important component of the system
is a bidirectional inverter which is called “Sunny Island 5048” which
is used both a battery charger and a inverter. It supplies loads on
the stand-alone grid side and charges battery banks with power
that is provided by feeding electricity into the grid on the AC side.
It achieves a maximum efficiency of more than 95%. The parallel
operation of two bidirectional inverters on a single phase of a bat-
tery bank which has 48 V and 1500 Ah capacity enables to stand
up a power supply for electrolyser load. The bidirectional inverter
can also automatically deactivate loads if the battery does not have
sufficient electrical energy available. The inverter enables long life
service life over 20 years due to optimum battery management sys-
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tem and state of charge evaluation. It is optimum solution for all
off-grid applications which require high quality for the establishment
of a reliable AC grid voltage based on renewable energy sources.
The single phase of AC line can also be integrated into the public
grid. The additional inverters are used to supply the AC bus from
the renewable energy sources. It is shown in Figure 7, there are
several inverters which are called in different names. The inverters
which are shown as SB1100 and SB1700 in the figure are used to
integrate the multicrystalline PV modules (10 units) and monoc-
rystalline PV modules (15 units) into the AC grid. Equipped for an
input voltage up to 400 V, these inverters enable efficiency more
than 93 %. The wind turbine has 45-60 V DC output voltage. The
inverter which is called as WB1100 LV in Figure 7 is optimal to
integrate the wind turbines which have very low output voltages
to the AC line. The DC input voltages of 21 V to 60 V for these
inverters enable to connect the wind turbine easily to the AC grid.
Because these inverters accept currents of up to 62 A and the out-
put current of the wind turbine can reach up to 80 A, four units of
these inverters are connected parallel to the wind turbine output.
The inverter efficiency goes up to 92%. There are two units PEM
fuel cells which are integrated to the AC grid. The inverters which
are called “Hydroboy HB1124” in Figure 7 are used to integrate
the fuel cells to the AC grid. The main difference of these inverters
comparing the solar inverters, the DC input voltage (19.5-55 V) is
lower and the input current (up to 62 A) is higher. These inverters
specially designed for fuel cell systems and the device efficiency is
up to 91%. The general specifications of the power electronic units
are shown in Table 2.
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Figure 7. The components of the power electronic and control unit system.

A sensor box is also integrated to the system for determination
and data storage of solar radiation, module temperature and wind
speed. It enables a comprehensive performance analysis of the
system. All components of the system are combined with a wide
variety of components for system monitoring. The Sunny Webbox
which is shown in Figure 7, enables diagnostic and maintenance
via internet from any PC, anywhere in the world. It enables con-
tinuous monitoring of the system and early detection of operational
faults. It achieves data storage and automatic data transfer to the
PC or the internet portal at pre-definable intervals. All components
communicate with each other via RS485.
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Table 2. The general specifications of the power electronic components in the system and 83 KWh/Nm? for end 9f life
OUTBACK conditions. The electrolyser is for
MPPT | d?r'esg‘i‘:nal SB1100 | SB1700 | WB1100 | HBi124 | Indoor use for ambient tempera-
Charge . Inverter Inverter | LV Inverter | Inverter tures ranging from 5°C to 40°C, so
c inverters . S -
ontroller the required ventilation and climati-
Output zation according to its requirements
max. 60 A | max. 100 A 44 A 6.7 A 4.4 A 4.4 A
Current should be established before the
Max. Open 60V 60V operation. The electrolyser is air-
Circuit 400V 400 V led and the heat load from the
150 V DC - (21-60V) | (19.5-55V) | ©OO
V(c\)}ﬁ?)e (133-400V) | (139-400 V) system is maximum 4.3 kW. The
electrolyser uses deionized water
Max. Input 2o to produce hydrogen and to ac-
- (2-56 A) AC 10A 126 A 62 A 62 A )
Current tively cool the cell stack. The water
VT 4200 W should meet‘a minimum of. AS.TM
Input 48V DC) 12800 W 1210 W 1890 W 1240 W 1240 W Type Il requirements. A deionized
Power water feeding system was pur-
Efficiency 98% 95% 93% 93.5% 92% 91% chased from a national company,
; Tolem GCevre Teknolojisi, since
Harm. Dist.
Factor ) R a0 SEE S SLHD deionized water can be supplied

3.5. Electrolyser

Electrolysis is a reaction, which produces hydrogen and oxygen
from water. The electricity required for this reaction can be supplied
from the renewable energy. A Proton Exchange Membrane (PEM)
type electrolyser was purchased from Proton Energy Systems (the
name of the company has changed to Distributed Energy Systems)
to produce hydrogen by utilizing the electricity generated by the
wind turbine and the PV panels, which take place in the demonstra-
tion area (Figure 8).

The net hydrogen production rate of the electrolyser is 1.05 Nm3/h
with a delivery pressure of maximum 13.8 barg. The purity of the
product hydrogen is 99.9995% and the power consumed per vol-
ume of hydrogen produced is 6.7 kWh/Nm3 for optimal conditions

H n

Figure 8. PEM type electrolyser

from an already established system
in TUBITAK MRC Campus.

3.6.Hydrogen Compressor

The single-stage hydrogen compressor (PDC-3-1500) has a triple
diaphragm construction which isolates hydrogen from hydraulic oil
(Figure 9). All piping, tubing and wetted compressor parts are type
316 stainless steel which is corrosion-resistant. It has a 4 kW motor
with a flameproof enclosure. It has a flow capacity of 4 Nm3/h at
maximum suction and it can compress hydrogen gas to provide a
discharge pressure up to 100 bar (1450 psi). Hydrogen is fed to the
compressor through a buffer tank with an inlet pressure of 7-10 bar.
No water cooling is needed.

Figure 9. Hydrogen compressor

3.7. Hydrogen Storage Cylinders

Hydrogen produced by the electrolysis is stored in high pressure
cylinders in gas phase after pressurized by the compressor. In the
hydrogen storage field there are 12 cylinders placed in a station-
ary bundle and 4 individual cylinders which are ready to be carried
to the laboratory in case of need (Figure 10). All cylinders have
connection to each other, so when a cylinder is full, the second
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one starts to be filled. Stored hydrogen in the cylinders can also
be utilized in the fuel cell after the pressure is regulated. Since the
cylinders can be pressurized up to 100 bar, each cylinder contains
50 It hydrogen. The bundle can be considered to be a storage unit
for a possible hydrogen filling station.

. otk :L-\

Figure 10. Hydrogen cylinders

3.8. Pem Fuel Cell

PEM Fuel Cell (Nexa® Power Module) is air-cooled and comprises
all necessary fuel, electrical and control interfaces. Fuel cell gen-
erates up to 1200 Watt of unregulated DC electrical power from
hydrogen and oxygen (air). All necessary auxiliary components in-
cluding an air compressor, cooling fan, humidity exchanger, purge
valve, pressure regulator and microprocessor controller are built
into the system. There are two power modules in this demonstra-

tion park.

3.9. Hydrogen Production And Purification

Within the indoor applications, a small scale unit (~ 1 kW) for hy-
drogen production from natural gas (Figure 11a) and a hydrogen
purification unit via pressure swing adsorption (PSA) technology

(Figure 11b) were designed and constructed in the laboratory.

Figure 11. a) Hydrogen production (reformer) unit b) PSA unit

ture, pressure, and conductivity.

The electrolyser produces oxygen besides hydrogen in electrolysis
process and the production rate of oxygen is approximately 50%
of the hydrogen production rate. The electrolyser has an oxygen
vent port, from which this oxygen and small amounts of water con-
densate can be directly vented inside the container if the required
ventilation is established. The electrolyser has a hydrogen vent
port, which should be vented outside the container for safety. The
product hydrogen port is separated into three lines, one of which
goes to the hydrogen compressor to be pressurized, one goes to
the vent, and the other one directly goes to the PEM fuel cell.

Before the hydrogen compressor, there is a buffer tank. After leav-
ing the compressor, the pressurized hydrogen separates into two
lines, one of which goes to the vent, and the other one goes to the
tube ramp. One port of the tube ramp is connected to the manifold
with 12 ports to store the hydrogen into the 12 pressurized gas
cylinders, which will be used to feed hydrogen to PEM fuel cell in
any case hydrogen can not be obtained from the electrolyser. Also
the other 4 ports of the tube ramp are used to fill hydrogen into
the 4 pressurized gas cylinders, which can be utilized outside the
demonstration area. The product hydrogen from the electrolyser
and the stored hydrogen from the cylinders are connected with an
auto crossover manifold and the exit line of the manifold connects
to the PEM fuel cell.

Although electrolysis reaction needs DC current, the electrolyser is
designed to be connected to the grid so it requires AC current. In
this project, the electrolyser supplies the power from the batteries
after converting/adjusting the current to AC, which also serves to
buffer the electrolyser from power spikes. If a problem occurs with
this system, electrolyser can be directly connected to the grid.

5. Operational Experience And Performance

5.1.Modeling & Simulation Of Daily & Yearly Hydrogen
Production And Storage

Potential

The location of Gebze is 40°48'27” North, 29°26’14” East.
The location of the installation area is so important to define
the energy potential on solar and wind energy sources. The
main factor is solar irradiation in photovoltaic power systems.
In wind power systems, first of all it is required to know the
wind speed values. By the time the project continues, the
main parameters (the solar irradiation, module temperature
and wind speed values) will be measured. The pre-calculation
of the system requirements were done by using some reliable

4. Integration Of Components
The deionized water feed-

energy sources and some previous measurement values. The
wind speed values were measured before in Gebze (Table 3).

ing system is connected to Table 3. The wind speed average values in Gebze during one year measurement.
the electrolyser for its water A |
requirement to produce hy- Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. Avr:a'::ge
drogen. The deionized wa- =y " g o 13 11 3.33 | 322 | 310 | 3.36 | 430 | 3.61 | 324 | 3.15 | 283 | 3.07 | 3.31
ter should meet the required

. 30m | 462 | 401 | 419 | 3.86 | 3.72 | 3.97 | 5.19 | 4.38 | 3.87 | 3.91 | 3.84 | 4.03 4.15
conditions such as tempera-
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The general system has been planned to integrate wind and solar
energy sources to feed the AC grid and operate the electrolyser to
produce hydrogen. The product hydrogen is stored and then used
by the fuel cells. The output of fuel cell system also feeds the main
AC grid. It is considered whether the solar and wind energy capac-
ity is enough to operate the electrolyser.

The photovoltaic power system has been planned that the solar
energy potential is sufficient for operation of the electrolyser load.
When the photovoltaic power capacity is not enough, than the wind
power compensates the lack of it. Therefore, the essential solar
module capacity was calculated. The essential parameters for so-
lar system sizing are the average daily solar radiation energy and
the load consumption energies. These parameters can be used to
calculate the peak power of the PV generator and the amount of
energy to store, in order to assure the autonomy of the system.
The solar radiation energy can be provided from the measurements
of the European Commission Directorate General Joint Research
Center. The web page of the European Commission Directorate
General Joint Research Center provides these values in its web
page (http://re.jrc.ec.europa.eu/pvgis/). The optimum annual incli-
nation angle is 30° for Gebze and the irradiation energy at inclina-
tion angle for Gebze is shown in Table 4.

!1 lon
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per hourly operation. The system has planned that electrolyser is
operated for 3 hours per day. Therefore, the energy consumption
is 21.3 kWh/day.

To size the PV power generator, the following equation is usually
used [1].

: E
e = Ey My e * App and A = = (1)
L) 'El.i

Where
A,, PV generator surface area [m?]
E, : Daily mean load energy consumption [kWh/d]
E, : Daily mean solar radiation energy [kWh/m?2/d]
Ny ! Total system efficiency taking into account the

PV conversion efficiency, wires, diodes, chem

ical conversion, electricity regeneration, regu

lators, inverters etc [-]
Neyste - PV generator rated efficiency (0.10-0.15) [-]
Pey.sre 1 PV production power at standard test conditions [Wp]
E, : Solar radiation at standart conditions [1 kW/m?]

In Gebze, the daily average solar radiation energy is 4,045 kWh/

Table 4. Daily Solar Irradiation and Solar Energy Potential in Gebze.

Month Jan. Feb. Mar. Apr. | May. Jun. Jul. Aug. | Sep. Oct. Nov. Dec. :nnual
verage

Irradiation at

30°inc. ang. 2093 | 2619 | 3713 | 4671 | 5323 | 5769 | 5718 | 5596 | 5090 | 3664 | 2422 1786 4045

(Wh/m?/day)

By considering the values in Table 4, the monthly solar irradiation
can be calculated. The graph shows the monthly solar irradiation
in Figure 12. It is understood that the monthly solar irradiation is
more than the annual average value between April and September.
The solar irradiation for the rest months (October-March) are less
than the annual average value. So the calculations can be done by
evaluating these potentials. The yearly total solar irradiation is 1.6
MWh/m? in Gebze.

onihiy Solar krafisen KdTm2)

Wy | Jw | Sy | Awg | Sep | Oct | hew | Dwe |
i T T [ [T e ) e R
Wity

i | Fsb | Mar | der

[esenest 7 sefoa s e fiss redimi

Figure 12. The Monthly Solar Irradiation Values in Gebze.

Because the main goal of HYDEPARK demonstration project is to
operate the electrolyser load from renewable energy sources, the
load consumption energy of the electrolyser is considered to define
the renewable energy power. The power consumption of HOGEN
40 electrolyser is 6.7 kWh/Nm3 and its net production rate is 1.05
Nm3/h. This means that the electrolyzer needs 7.1 kWh energy

m?/d (Table 4) and the load energy consumption (3 hours operation
of electrolyser per day) is 21.3 kWh/d. Assuming that the PV rated
efficiency is 13.5%, the battery efficiency is 70%, the mean inverter
efficiency is 90%, the mean charge controller efficiency is 90%, the
other components ( wires, temperature losses in PV etc.) efficiency
is 80% and then the total solar system efficiency is calculated

2= 6%. By using these values, the peak power of the PV genera-
tor is calculated from the above equation to be approximately 12
kWp.

In different applications around the world, the solar system efficien-
cy was calculated 4.5-6.5%. For instant, it was calculated as 4.8%
in a PhD thesis in recent years [2]. Because the HYDEPARK dem-
onstration power system has been planned with more efficiency
components, the total system efficiency is assumed = 6%. This
efficiency is used to define the essential PV peak power to oper-
ate the electrolyser. Other efficiencies (wind turbine, fuel cell, and
hydrogen storage etc.) are not included in it. The total efficiency of
all solar-wind hydrogen system will be defined during the real time
operation. In the beginning, it is sufficient to set up the system ac-
cording to essential solar power. When the solar energy capacity
is not enough, the wind turbine will also support the main AC grid.
Considering that the battery efficiency is 70%, 2 days in autonomy
duration and the daily load consumption is 21.3 kWh and then the
essential battery capacity is calculated to be approximately 61
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kWh. Therefore the battery capacity in Ah at 48 V battery voltage
is & 1270 Ah. By regarding the additional energy supplies (wind
turbine, fuel cell etc.), the storage battery bank was set up to be 48
V 1500 Ah.

Because the electrolyser is operated at least 3 hours/day and it pro-
duces 1.05 Nm?h, the daily hydrogen production will be 3.15 Nm?¥
day and then the yearly hydrogen production will be 1150 Nm3.
The run time of electrolyser will be increased by making a real time
operation schedule for electrolyser by regarding the renewable en-
ergy capacity in Gebze.

The storage tank volume in the system under study is 1150 Nm?3
of hydrogen, since the hydrogen is stored in a tank at a pressure
of up to 100 bar, thus, the hydrogen tank volume is approximately
11.5 m3. The spare storage tanks will also placed and the storage
capacity will be ready for extension run time of electrolyser.

During the real time operation, the operation parameters for all
components will be measured and saved. By measuring and log-
ging the MPP operation values for PV generators (Wp), solar irradi-
ance (W/m?) and temperature (°C), it will be possible to calculate
the mean efficiency of PV generator. Similarly, the input and output
powers of the other components (electrolyser, fuel cell, wind tur-
bine, power conditioning units, hydrogen storage subsystems etc.)
will be measured and saved. Finally the total efficiency of the sys-
tem will be calculated from the efficiencies of subsystems.

6. Safety

Hydrogen is odorless, tasteless, colorless, and highly flammable.
It is very combustible in the presence of oxygen and burns with
a colorless flame. The lower explosive limit of hydrogen is 4% by
volume. For safety, all sources of ignition should be kept away from
hydrogen for any case of fire or explosion. On the other hand, al-
though hydrogen is non-toxic, it can cause breathing problems by
displacing oxygen in air.

Within the safety considerations of the electrolyser, a combustible
gas sensor is located at the exit of the air purge stream to detect
hydrogen. The sensor will cause an alarm and an automatic shut-
down of the electrolyser when it detects the concentration of hydro-
gen within the purge air stream is in excess of 1.2%. If hydrogen
leakage occurs due to any internal equipment failure, the internal
hydrogen detector safety circuit of the electrolyser will stop any
further generation of hydrogen by automatically shutting down the
electrolyser. A ventilation system with the recommended values of
the company was established to avoid the accumulation of hydro-
gen in the container in any case of leakage. Also the electrolyser
shutdown circuits should not be bypassed. Hydrogen storage cylin-
ders are placed outside the containers in a fixed position for safety
reasons.

All inverters which are used in the project are compatible with all
communication products and impressive with a high degree of pro-
tection (IP65). The robust enclosure design and high protection
degree IP65 ensure secure operation even in extreme climatic con-
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ditions, both indoors and outdoors. The design also ensures over
voltage protection on DC and AC sides.

7. Environmental Aspects

The electrolyser uses water to produce hydrogen and oxygen, so
this system is very environment-friendly since it has no danger-
ous byproducts for the universe. All inverters which are used in
the project are compatible with all communication products and
impressive with a high degree of protection (IP65). The robust
enclosure design and high protection degree IP65 ensure secure
operation even in extreme climatic conditions, both indoors and
outdoors. The design also ensures overvoltage protection on DC
and AC sides.
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SOLAR AS A SOURCE FOR SHALLOW GEOTHERMAL APPLICATIONS

Olof ANDERSSON
Sweco Environment AB, Shallow Geothermal Department

Abstract

Solar energy is naturally stored in the underground. If the underground
is chilled down by heat extraction it will immediately start to be re-
charged by heat from the surroundings, mainly as solar as a source of
energy. Put into practice, systems using the underground as a source
of heat and cold production are named Shallow Geothermal. In this
paper an overview of these systems and their applications are given.

Introduction

Under normal conditions, the temperature at the depth of 5-10 me-
ters reflects the average temperature in the air. However, at places
with snow in the winter the ground temperature will be a few de-
grees higher since the snow will insulate the surface. At greater
depths, the ground temperature will increase due to a thermal heat
flow. This flow creates a geothermal gradient that in average is
around 3°C/100 m. In countries with old crystalline rocks the gradi-
ent is often much less, while in countries with clayey rocks have
a higher gradient. The heat flow represents around 0.06 W/m?, or
approx.5 kWh /m2 annually. However, the variation is rather large
and depends greatly on geographical position and local geological
conditions.

The solar radiation that is absorbed by the ground (in Sweden
some 1 000 kWh/m?) is much higher than the geothermal heat flux.
In practice, this means that the major portion of extracted heat from
the shallow underground is reheated by solar energy, rather than
geothermal heat from below. This basic knowledge, on how heat
transfer in the underground works, suggests that shallow geother-
mal applications should be regarded as solar energy systems. In
any case, both solar and geothermal energy is classified as renew-
able resources (RHC-ETP, 2009)

Utilization Of Thermal Energy Extraction Systems
Extraction systems mean that low temperature energy is extracted
from the soil or upper parts of the bedrock either for space heat-
ing or cooling purposes. For utilization of heat an electrical driven
heat pump is normally used. These systems sometimes referred to
as Ground-Source Heat Pump systems (GSHP) encounter mainly
three different commercial systems. These are by order of magni-
tude in application, “rock heat”, “top soil heat” and “ground-water
heat” (freely translated to English). However, in some cases, the
rock heat system is also used for “free” comfort cooling.

For industrial purposes single boreholes are also used for dump-
ing of heat in the underground, especially in the telecom sector.
It is then referred to as “rock cold”. Also ground water is often
used for cooling, especially in the industrial sector, and then called
“ground water cooling”.

The rock heat system is principally illustrated in figure 1. The
system contains a borehole in which a borehole heat exchanger
(BHE) is inserted. The BHE consists of a single or double plastic
U-pipe in which a heat carrier fluid is circulated. The fluid is trans-
ferring heat from the rock to an electrically driven heat pump that
increases the temperature so it can be used for space heating and
preparation of hot tap water. In Sweden there are currently around
250 thousand of these installations. This makes Sweden the world
leading country for this type system, counted as per capita.

The second common GSHP system is the “top soil heat”. As
shown in figure 2, this system is applied in gardens or other larger
surface areas by plowing down a plastic tube at depth of approx.
1 meter. As in the case of rock heat, a fluid is circulated through
the tube, extracting heat from the soil. The difference is that the
top soil system is based on freezing the moisture in the ground as
energy released when water turns into ice (phase change energy).
Hence, these systems works best in fine grained soil with a high
porosity.

The temperature of ground water is constant all over the year. In
general the average temperature in the atmosphere is reflected at
depth of 5-10 m below surface. Further down the temperature will in-
crease due to the geothermal gradient (expected temperature at 100
m depth is shown in figure 1). The relatively high and constant tem-
perature makes ground water the most efficient heat source of all.

Another advantage is that that the ground water also can be direct-
ly used for cooling, both for comfort and process cooling. Howev-
er, using ground water for technical purposes is limited. In Sweden
only 10-15% of land has aquifers and on top of that using ground
water is heavily regulated. There are also potential chemical prob-
lems involved, mainly with corrosion and clogging by iron precipi-
tation. For these reasons there are not so many plants realised
(approx. a couple of thousands in total). Still, the ones existing are
often large scaled with capacities in the range of 100-1 000 kW.
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In table 1 the experienced working temperature of the geothermal
source, the efficiency expressed as seasonal performance factor
(SPF) and the profitability expressed as straight pay-back time is
given. Working temperature address the maximum and minimum
fluid temperature on the evaporator side of the heat pump. For vali-
dation of figures the temperature on the condenser side is +45°C.
The efficiency is calculated by dividing the production of heat from
the condenser with the consumption of electricity for running the
heat pump and some minor pumps belonging to the production
system.

Ground source cooling reflects the ambient temperature of the rock
or the ground water that are being used for cooling. The ground
water systems have the highest efficiency and the lowest pay-back
time.

Figure 1. Rock heat is typically used for single residences. Heat is ex-

It has been estimated that the GSHP systems contribute to Swed-
ish space heating with 18 TWh annually. Of this energy approx.
6 TWh is electricity for running the heat pumps, while 12 TWh is
extracted from the underground (Nowacki 2007). This will corre-
spond to 15 % of the energy demand for space heating. Since the
systems mainly are used to replace old oil burners the ground heat
represents some 1,5 million mé of oil (9.5 million barrels). Hence,
the systems greatly decrease the emission of carbon dioxide and
other environmentally harmful flow gases (Andersson 2009).

Utilization Of Underground Thermal Energy Storage
Systems (Utes)

The extraction systems described above recover in a passive way,
mainly by energy exchange with the atmosphere but to a minor
degree by the geothermal heat flow. In UTES systems thermal en-
ergy is actively stored in underground. In most cases the storage is
seasonal. This means that heat is stored from the summer season
to be utilised during the winter season. For cooling purposes, cold
is stored during winter to be recovered during the summer. Most
of Swedish applications combine these two modes of operation.
The two commercial systems are Aquifer Thermal Energy Storage
(ATES) and Borehole Thermal Energy Storage (BTES). These are
principally illustrated in figure 3.

In ATES systems groundwater is used to carry the thermal energy
into and out of an aquifer. For the connection to the aquifer water
wells are used. However, these wells are normally designed with
double functions, both as production- and reinjection wells. The
energy is partly stored in the ground water itself but partly also in
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Table 1. Typical operational and economic data for different tracted from a closed loop entering a 100-200 m deep borehole. In Sweden
GSHP systems in Sweden the rock temperature varies between 10 and 3°C.
Type of Working Efficiency Pay-back

system temp. (oC) (SPF) time (year)

Top soil heat -5/+5 3,0-3,5 4-7

Rock heat -3/+7 3,5-4,0 5-8

Groundwater | 5,49 4,050 2-4

heat

Ground

source +3/+10 30-60 0-6

cooling

¥ £ |I
Figure 2. Top soil heat, often for a single house on the country side extract
energy from the soil. Ground water heat is more effective, but is normally
used in larger scales.
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Figure 3. Principal configurations for the most common ATES (left) and
BTES (right) systems

the solids that form the aquifer. There are two modes of operation.
In winter with a dominating heat demand, the warm wells are de-
livering heat to the heat pump over a heat exchanger. The chilled
ground water is injected through the cold wells and cold is stored
around these wells. In summer the flow direction is reversed and
the cold is recovered and directly used for cooling. The waste heat
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from the cooling loop is then stored in warm wells. For peak shav-
ing of cold the heat pump may be used. If so, the condenser is
chilled by the ground water and the heat is stored in the warm side
of the aquifer. Typical temperatures are 12-14°C on the warm side
and 4-8°C on the cold side of the aquifer. Worldwide there are thou-
sands of ATES systems in operation, with the Netherlands as the
main user. In Sweden ATES was implemented in the mid 80-ties
and currently there are approx. 100 plants realized. The Swedish
systems are large scaled and the average of capacity is around 2,5
MW (Andersson 2006).

BTES systems consist of a number of closely spaced boreholes,
normally 50-200 m deep. These are serving as heat exchangers
to the underground. For this reason they are equipped with Bore-
hole Heat Exchangers (BHE), typically a single or double U-pipe. In
many countries the boreholes have to be grouted after the BHE in-
stallation. In Sweden no grout is demanded unless a system is lo-
cated to a water protected area. Instead the boreholes are naturally
filled with groundwater. It has been shown by experience that water
filled boreholes are more efficient than grouted ones. In the BHE,
heat carrier is circulated to store or discharge thermal energy into
or out of the underground. The storing process is mainly conductive
and the temperature change of the rock will be restricted to only a
few meters around each of the boreholes. The rock temperature
will typically swing between +2°C at end of winter and +8°C at the
end of summer. The numbers of BTES plants are steadily growing
and in Sweden it is estimated to be some 300 plants with more than
20 boreholes. These are typically applied for combined heating and
cooling of commercial and institutional buildings.

A couple of BTES installations are also used for high temperature
storage (>50°C). The concept is to demonstrate how solar energy
and industrial waste heat can be efficiently seasonally stored.

In general, BTES systems are regarded as having a huge mar-
ket potential since they can be adopted practically anywhere, have
a long lifetime (>50 years) and have a minimum of maintenance
cost.

The experienced statistics on existing Swedish ATES and BTES
systems used for combined heating and cooling are shown in table
2 (Andersson 2009).

Table 2. Typical operational and economic data for ATES and
BTES systems in Sweden
Type of Fluid temp. Efficiency Pay-back
system (oC) (SPF) time (year)
Aquifer
storage +6/+14 6-7 1-3
(ATES)
Borehole
storage -2/+9 4,5-5,5 4-6
(BTES)

Some Examples From Sweden

GSHP for a single family house

The most common GSHP installation would be a rock heat system
principally shown in figure 1. Applied on average Swedish single
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family house with 150 m? of living area a heat pump with 6 kW ca-
pacity would be typically used. This would need some 4 kW on the
evaporator side. This means a COP of 4, 0, or 1 kWh of electricity
to deliver 4 kWh of heat from the condenser side.

The rock would normal be granite or gneiss with a thermal conduc-
tivity of at least 3 W/m, K. This conductivity indicates a borehole
with a depth of approx. 130 m. This calculation assumes that the
lowest average temperature allowed in the heat carrier fluid is -30C
and that the borehole is equipped with a single plastic U-pipe as the
borehole heat exchanger (BHE).

The total cost for the installation is 120 000 SEK. The heat pump
will have some 3 500 hours of running time producing some 21 000
kWh of thermal heat. The electricity used for this production is in
the order of 6 000 kWh at a cost of approx, 6 000 SEK. The value
of the energy conservation (15 000 KWh), replacing oil, natural gas
or an electric boiler is in the order of 15 000 SEK the first year.
Hence, a straight pay back time of 8 years is indicated. As a bonus
a simple air conditioning system using the borehole as a source
of free cooling could be installed at a cost of approx. 8 000 SEK
(a simple water-air fan heat exchanger). This installation would be
paid back rather quickly (2-3 years) compared to a system with a
conventional chiller.

ATES and BTES for commercial buildings

As examples of applications in Sweden, one ATES and one BTES
system for heating and cooling of IKEA stores can be used. The
stores are of similar size and have in principle the same specific
heating and cooling demands. The main designing parameters for
the two subjects are shown in table 3.

Table 3. Main designing parameters for two IKEA stores in
Sweden

Store Floor Heat Cold tl(;l:‘at t(e:::d

and area load load progr';.m progrz.m
2'

system (m?) (kW) (kW) ) )

Malmo,

ATES 40 000 | 1400 1350 55/40 10/16
Uppsala,

BTES 36 000 | 1300 1300 55/40 10/16

Hot tap water is in both cases produced by a separate heat pump at
a temperature of +60°C. The systems have electric boilers to cover
peak heat demands. To make the systems 100 % renewable, only
green electricity is used to run the heat pumps, other pumps and
electric boilers in the systems.

The ATES plant in Malmé use a fractured limestone as an aquifer.
There are 11 wells, 5 warm and six cold ones. They are all 90 m
deep and the maximum flow rate of the system is 50 I/s. The in-
stalled heat pump capacity is 850 kW (60% of the maximum heat
load). A normal winter, the heat pumps will cover approx. 90% of
the heat demand, while the electric boiler takes the rest. The av-
erage temperature coming from the warm side of the storage is
+11°C. The reinjection temperature to the cold wells is always kept
at +5°C.
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The BTES plant at Uppsala use 100 boreholes, drilled into granite.
The borehole distance is 5 m and in the holes 16 800 m double
U-pipes are installed. The assembled heat pump capacity is ap-
prox. 1 400 kW,  designed to cover the full cooling load in late
summer when the cold from the boreholes is limited. The working
temperature of the fluid is +1°C as lowest (winter) and +25°C as
highest (summer). Approx. 95 % of the heat and 30 % of the cold is

produced by the heat pumps.

Both systems are in a successful operation, but it is too early to
have a full operational experience. In table 4 the calculated opera-

tional figures are given .

Table 3. Calculated energy balance for the two IKEA stores in

Sweden
UTES | UTES ..
Store and | heat cold Ele:st:glty P;:gf;:zLe
system e (MWh/year) | Factor (SPF)
year) year)
Malmo,
ATES 1580 1420 485 (685) 7.2 (5.4)
Uppsala,
BTES 1590 1510 660 (770) 4.7 (4.1)
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Conclusions

Shallow geothermal systems show a steady growth on energy mar-
ket worldwide. The potential of replacing fossil fuel and for an effec-
tive usage of electricity is huge. In principle one or several systems
are applicable in almost any type of climate, either for heating or

cooling, or combined heating and cooling.

In principal these systems works directly or indirectly with solar as
the major source of energy. As such it has been recognized as a
true RES within the EU, just as the geothermal portion has. Pres-
ently efforts are made to coordinate the research and the further
deployment of the technology in RHC-ETP (Renewable Heating

and Cooling-European Technology Platform).

As driving forces for a broader implementation on the market, a
number of existing plants show that the technology is efficient with
SPF values ranging from 3 (heat pump supported) up to 60 (direct
use). This, together with a reasonable, or sometimes excellent,
profitability indicates a promising future for the Shallow Geothermal

systems.
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TRANSITIONING TO AN ECOLOGICAL AND TECHNOLOGICAL CAMPUS
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Abstract

Universities influence generations of students whose future behaviors
and decisions are shaped by what they learn from their campus ex-
perience and the actions of the university staff. The University should
apply environmental regulations and a proven effective system of en-
vironmental management accountability. The University should plan
its future with planning decisions that reflect a balance of economic,
environmental, and socially responsible values. Some universities
are committed to developing and maintaining an environment that
enhances human health and fosters a transition toward sustainability
through the management of building design, construction, renovation,
landscape, renewable energy, water, waste, emissions, transporta-
tion, human health and productivity.

In this paper, some sustainable, eco-tech, solar and eco-campuses
in the world will be analyzed. Efforts in Turkish universities on eco-
tech issues will be explained in Section 3. The contradictions, some
hints and recommendations on eco-tech programs and campus-wide
sustainability principles for universities will be presented for the solar
future.

Keywords: Eco-tech campuses, Turkish universities, sustainable uni-
versities, campus-wide sustainability principles, solar applications

1. Introduction

In December 2002, United Nations Resolution 57/254 was adopted
which established the United Nations Decade of Education for Sus-
tainable Development (2005-2014) [1]. Today it is not that hard to find
a professional association related to building design, construction,
maintenance, and operation, as well as community planning and de-
velopment related to sustainability. Higher education in the world tries
to adopt the green movement. Many universities are in various stages
of organizing for sustainability.

Sustainability has to do with reducing our footprint on the future. Most
people will agree it contains the following main components — 1) im-
proving economic efficiency, 2) protecting and restoring ecological
systems, and 3) enhancing the well-being of all people. A sustainable
campus program addresses all of these components.

Some type of committee or council is needed in the beginning in order
to share information, understand the issues and concepts, and de-

velop plans for future initiatives. Nearly every department on campus
has some role to play. Some universities have established an Of-
fice of Sustainability to coordinate many planning initiatives, projects,
networking, and monitoring of the program’s progress in achieving its
goals [2].

A successful endeavor to transition to a sustainable or eco-tech cam-
pus involves four aspects of the university community — the adminis-
tration, academic departments (students and faculty), the university
research effort, and the local community. In detail (The Sustainable
Campus Information Center website):

Administration: The administration has a very significant impact by
decisions they make concerning new building design, repair and reno-
vation projects, building operations and maintenance, procurement
practices, landscaping, recycling at various levels, waste and energy
management, transportation, food service and dining and residential
operations.

Academic Departments: The educational side is also important. The
investment in the education of students on these subjects has a long
term benefit. They will eventually become leaders in their community
and bring with them the concepts of sustainability. Service-learning is
a teaching method that allows students to learn required curriculum
while applying what they learn to real world problems. This can have
an immediate benefit depending on the nature of the service require-
ment. Further educational opportunities exist with developing courses
on sustainable development, informal workshops and training, as well
as e-learning.

Research: The research sector of the university has a role in terms of
its near and long term impacts. There can be projects with ecological
habitats and other environmental issues. Areas for research could
also include large scale composting, procurement practices, produc-
tion methods, alternative energy sources, and any number of building
design, construction, operations and maintenance practices.

Local Community: The local community can also provide various lev-
els of resources to assist the sustainability effort and includes alumni,
the business community, utility suppliers, community organizations,
and local chambers of professions.

One of the most effective structures for implementing a sustainable
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campus is eco-certification programs like LEED-ND program estab-
lished by the US Green Building Council. The University could es-
tablish a goal to develop a plan on how it could achieve a LEED-ND.
The LEED-ND is composed of prerequisites and creditable items in
the major categories of smart location-linkage, campus pattern and
design, green infrastructure and buildings, innovation and design
process [3].

The structured approach can help to integrate the efforts of the four as-
pects of the campus community (administration, academic, research,
and local community) toward a common goal. It can help form the
basis of planning and organizing efforts to accomplish a sustainable
campus. Individual and disconnected on-going initiatives can be
brought in under the overall green development umbrella [2].

The United Nations Decade of Education for Sustainable Develop-
ment, 2005-2014 has passed its mid-point. Chapter 36 of Agenda 21
on education, training and public awareness identifies four overarch-
ing goals [4]:

Promote and improve the quality of education: The aim is to refocus
lifelong education on the acquisition of knowledge, skills and values
needed by citizens to improve their quality of life.

Reorient the curricula: From pre-school to university, education
must be rethought and reformed to be a vehicle of knowledge,
thought patterns and values needed to build a sustainable world.
Raise public awareness of the concept of sustainable development:
This will make it possible to develop enlightened, active and respon-
sible citizenship locally, nationally and internationally.

D Train the workforce: Continuing technical and vocational education
of directors and workers, particularly those in trade and industry, will
be enriched to enable them to adopt sustainable modes of produc-
tion and consumption.

Chapter 36 of Agenda 21 aims for education for sustainable develop-
ment (ESD). If parameters in traditional education and ESD are com-
pared, it can be said that universities should update their structure and
education according to these new world conditions (Table 1).

It is an essential task of universities to educate future decision
makers and to provide continuing education and training pro-
grams promoting sustainability. For the universities the following
approaches in its corporate strategy are summarized [6]:

D Environmental approach (energy, material-flows, water, emis-
sion and waste management transport)

Economic approach (labor market, regional integration, health
and security, equality, lifelong learning)

Educational approach (curricula, Bologna process)

Research approach (research on sustainability, ethical stand-
ards, inter and trans-disciplinary cooperation)

Management approach (structural integration of sustainability,
participation, values in decision making processes)

Sustainability should be a part of the university’s mission and the
university management takes the leading role in supporting this
idea. The next section exemplifies sustainable campuses in the
world. Campuses specialized only eco-technologies or solar en-
ergy or ecological issues are also covered.

2. Sustainable, Eco-Tech, Solar And Ecological
Universitycampuses In The World

Some universities have made serious efforts to go green and
leave a smaller carbon footprint on the environment in recent
years. Here are some of the American colleges and universities
that have been at the forefront of the green movement, along with
some of their innovations.

In 2008, the U.S. colleges and universities are ranked for the first
time that they considered most sustainable. 11 schools are listed
as: 1) Arizona State University, 2) Bates College, 3) College of the
Atlantic, 4) Emory University, 5) Georgia Institute of Technology,
6) Harvard University, 7) SUNY Binghamton, 8) University of New
Hampshire, 9) University of Oregon, 10) University of Washing-
ton, 11)Yale University.

So what makes a campus sustainable? It is explained in detail
below by giving some U.S. examples [7]:

Table 1. Parameters in traditional education versus ESD [5]

Alternative Energy Sources: One step that many of
these schools above have taken is to find ways to use
alternative forms of energy. The College of the Atlantic

in the U.S. which has achieved its goal of becoming a
net-zero carbon emissions institution, powers the cam-

pus primarily through hydro-power. The University of New

Hampshire is in the process of converting the campus

primarily to landfill gas. At Carleton College, the campus
receives about 40% of its power from a wind turbine.

Environmentally Friendly Construction: Another green
trend on college campuses is new construction that fol-
lows the LEED guidelines. These buildings are created

with eco- friendly materials and products, and are de-

signed to use energy and resources efficiently. Emory

Traditional Education for
Parameters n Sustainable

education

Development

Curriculum .
e — Fragmentary Holistic
Flow of decisions Top-down Bottom-up
Consultation Rare Common practice

Change imposed | Change coming from
I e Gl from outside within
Teaching To transmit To organize the
emphasis knowledge learning process
Organization of A S
knowledge Mono-disciplinary | Multi-disciplinary
Knowledge structure Predetermined Problem oriented
Function of knowledge Individualistic Societal
Role of ethics and values | Peripheral Central

University and SUNY Binghamton are two of a growing
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number of schools around the country that have adopted LEED
guidelines.

Green Cafeteria Choices: Schools are also finding ways to feed
their populations of students and employees in more sustainable
ways. One strategy is to rely more on locally grown, organic foods
that do not need to be shipped in from elsewhere. In some cases,
food production takes place on campus; for example, the Univer-
sity of New Hampshire has an organic dairy farm. Another trend
is to get rid of trays in campus cafeterias, which eliminates the
need to use a significant amount of water and cleaning materials
to sanitize the trays.

Alternative Transportation: Some campuses find ways to de-
crease the amount of cars on campus. Some schools adopt rental
program, which allows students to rent cars for short periods of
time instead of bringing their own vehicles to campus. Emory Uni-
versity helps students get around with a fleet of shuttles that are
powered with alternative fuels.

Green Coursework: Many of campuses also offer extensive
coursework that focus on sustainability, and have found ways
to incorporate environmental topics across the curriculum. For
example, the University of Oregon offers over 200 classes with
a sustainability emphasis. However, no school focuses more on
environmental studies than the tiny College of the Atlantic in Bar
Harbor which is an entire school devoted to the study of human
ecology.

Yale University in the U.S. is one of the national and international
leaders in sustainability, the Office of Sustainability has expanded
to 26 full-time equivalents, 30 paid students and over 250 volun-
teers from across all facets of the campus in 2009. Their activity
is embedded in an organizational framework focused on [8]: sys-
tems operations (transport, dining services, waste management,
landuse, building design, etc.), policy and governance, academic
integration, campus engagement, strategic partnerships. Their
targets include a 10% greenhouse gas reduction from 1990 levels
by 2020, all new construction meeting the LEED silver standard,
and a 40% recycling target by 2010. In the future, the sustain-
ability office will be paying attention to a 100% recycled content
paper campus-wide [9].

In 2008, sustainability became an issue of the highest priority at
ETH Zurich, Switzerland. ETH campuses develop a stringent
building code for new construction, and show a significant de-
crease in fuel consumption and CO, and NO, emissions, as well
as a major reduction in the amount of waste and the consumption
of paper [10].

The King Abdullah University of Science and Technology
(KAUST), Saudi Arabia, focuses on energy production in the
future, environmental remediation, carbon sequestration, water
and desalination technology, diverse bio-technology applications
and sustainable agriculture. KAUST made a commitment at the
beginning of the design process to use the most innovative and
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cutting-edge design and building eco-technology available. As the
facility is located close to the sea in a hot, humid climate, a strong
emphasis was put on heating/cooling and energy management
issues. The design team drew on sustainability concepts rang-
ing from the traditional Arabic courtyard house and urban space
design, to the use of cooling wind towers, as well as bio-concepts
from the ecology of mangrove swamps. In addition, multiple types
of transportation are being considered to reduce carbon emis-
sions (trains, solar cars, and personal carriers such as segways
and bicycles) [11].

Moreover, here are the examples of eco-tech campus movements:

A team of students at the Saginaw Valley State University, Michi-
gan, USA have begun working on a project, which will green all
vehicles that are used to run to and from the university green-
house. The team is building a electric golf cart recharging station,
which will actually be a foldable wooden shed with four solar pan-
els and a wind turbine, which will be capable of generating 400
watts of green electricity. The energy harnessed from the natural
resources will be fed into a bank of batteries, which will store the
charge of the golf carts. The station has been designed with a col-
lapsible wind mast so that it can be shown off at various events in
an effort to depict the power of renewable energy [12].

Canadian university harnesses geothermal energy for heat and
power. The University of Ontario Institute of Technology (UOIT)
has invested in an ambitious project to capture geothermal energy
to meet the power needs of its academic buildings and campus.
At the UOIT, the geothermal well field is situated underneath an
ear of the size of a football ground in the midst of the campus.
The campus has eight buildings that are designed to be heated
and cooled with renewable energy present underground, which
minimizes greenhouse gas emissions. The geothermal system
has the capacity to cool or heat about 1000 homes and roughly
delivers about 8MW of power. In addition to the use of renewable
energy, the university has also installed green rooftops on five of
its academic buildings, which prevent water runoff and also pro-
vide natural cooling [13].

Some university campuses are specialized in solar energy more
to be a solar campus, here are some solar campus examples from
Libya, Germany and India.

University Zuwarah Technological Campus is underway with the
Libyan government to be a solar campus. Planning and construc-
tion of the campus along with its 13 buildings is expected to be
completed by the help of construction firms within three years
(Figure 1). The developers have placed special emphasis on sus-
tainability and the overall impact of the design on the ecosystem.
The development will house several energy-saving systems that
will reduce the demand for energy. Moreover, the developers are
also planning a solar plant in conjunction with the campus infra-
structure, and the building will be optimized for solar and thermal
control. With all these systems in place, the development should
accomplish the requirements of LEED GOLD certification [14].
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Figure 1. University Campus in Tripoli to be powered by solar energy [14]

Julich Campus of Technological High School Aachen in Germany
is a candidate of solar campuses, too. Solar construction contin-
ues for housing, employment, research and education. All build-
ings comply with solar architecture and are equipped with the latest
heating, cooling and ventilation technology. The housing complex
for 136 students was realized in five building rows featuring various
architectures, insulation standards and domestic engineering con-
cepts. A circular auditorium with two seminar rooms and a library
was constructed according to low energy principles. The cooling is
performed via an air/earth heat exchanger. Rainwater collected in
the roof area is used for toilet flushing [15].

The world’s largest Solar Parabolic Concentrated Technology Sys-
tems was inaugurated at Sathyabama University in 2009 (Figure
2). Sathyabama University has a very huge population of students
and by installing these systems, a lot of energy and fuel was saved.
Food for nearly 30.000 people can be served through these solar
systems. Students would now be working on a new project to bring
a storage system where solar energy could be stored and used dur-
ing rainy and non-sunny days. The university will recover their ex-
penditure on this solar system in three years. This system encom-
passes 110 dishes and has the capacity to prepare about 30.000
meals a day. The solar cells at the Sathyabama University have
been designed in a way that they can be used in preparing lunch
and dinner. Its main purpose is to serve the students with food and
also hot water for the hostel students to late evening [16].

7T W

Figure 2. Solar panels installed on the Sathyabama University campus,
India [16]

Consistent to their philosophy, universities in Asia improved them-
selves towards ecological campuses. Some universities from Japan,
Taiwan and Ghana from South Africa present good examples on eco-
campuses.

Although many Japanese universities have beautiful campuses,
few have campus master plans. One notable exception is Hokkaido
University, which in 1996 established the first campus master plan
in Japan, focusing on eco-campus, green buildings, car-free zones,
and an open space network. Other examples of campus sustainabil-
ity projects in Japan relevant for campus master planning include the
Todai sustainable campus project of the University of Tokyo, sustain-
ability planning at Nagoya University, and the use of hydrogen gas and
natural gas energy at Kyushu University [17].

The governmental Ministry of Education in Taiwan created a Technical
Committee for Sustainable Campuses to review operational schemes,
monitor progress, and offer advice on appropriate strategies for im-
proving campus sustainability. In 2002, 76 schools submitted propos-
als and 23 projects were funded. A wide range of demonstration pro-
grams have been developed in areas such as resource recycling and
reuse, permeable surface paving, constructed wetland purification
systems, renewable energy use, site remediation, ecological recycling
through composting, teaching gardens and the use of natural and re-
cyclable building materials [18].

Development of eco-campus in National Taipei University of Technol-
ogy (NTUT) was first introduced around 1980. That eco-environment
is expanded to humanistic eco-environment. The green fences, with
the bird nests they contain, became the outward image of an eco-cam-
pus. In 1996 the NTUT School Plaza was designed and was named
Humanities Plaza. As the gateway to urban ecology, this project al-
lows urban ecology and landscape to the campus which is Taipei’s
shortcut to eco-city. The Eco-Reservoir (Figure 3) was an eco-indica-
tor environment. A completely splash-free pedestrian pavement would

Figure 3. Historical axis eco-renovation and section showing eco-reservoir
in NTUT [19]
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and Wall Re-vegetation Project, Campus Waterscape Project, Tech-
nology Greenhouse and Opto-Electronic Shade Project still continue.
Also rice gardens are harvested by the students and staff in the cam-
pus [19].

Valley View University (VVU) is the oldest private university in Gha-
na with a campus area of 120 ha. There are around 1200 people
but it is expected to grow up to 5000 in a few years. Valley View
University has set its goal to become Africa’s first real holistic eco-
logical university. For this purpose a holistic ecological concept was
developed. This concept designs the entire campus as a functional
and sustainable ecosystem with all the required connections in
matter, energy and information. The concept includes all important
areas such as the master plan, buildings, water and nutrient cy-
cles, agriculture, education, energy and quality management. The
collected materials from the buildings are used in the VVU’s own
agriculture for the plantation of different crops. The collaboration
with neighboring villages and farmers is of major importance to the
overall project. In the ecological master plan the concepts for uti-
lization were set out in a way that they are reasonably connected
and agree with ecology (Figure 4). The common goal is to as much
as possible keep the campus free of traffic. The buildings are ar-
ranged in a way that their diverse matter flows complement each
other [20].

Figure 4. Ecological master plan of Valley View University in Ghana [20]

3. Efforts On Eco-Technologies In Turkish
Universities

MTA Solar House is the first building in Turkey which was estab-
lished in 1977. 30% of energy was generated by passive solar sys-
tems. METU built its solar house in 1976 and this house was reno-
vated recently. Cukurova University built solar house in 1981 which
fulfills its all energy from solar resources. Ege University has two
solar houses built in 1986 and 1990. After 1990s, solar house trend
increased in the universities. Hacettepe University, Pamukkale
and Suleyman Demirel University built their solar houses, too. Last
projects are from Diyarbakir Solar House which is used for educa-
tion and energy architecture (Figure 5) and Yildiz Technical Uni-
versity energy house which uses solar, wind and geo-heat energy
resources. ITU Eco-building (Figure 5) and METU Solar Energy
Research Center house are in the project phase [21].

o
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Figure 5. Diyarbakir Solar House [22]and ITU Eco-building [23]

Mugla University Rectorate Building is covered with PV systems
to generate electricity from solar energy. Abant izzet Baysal Uni-
versity installed a PV and wind turbine integrated system for street
lighting of main pedestrian axis. METU has an office of sustain-
ability studying on alternative transportation systems such as mono
rail and bicycle network; they also aim to make campus barrier-
free. Yalova University would like to produce its own energy from
geothermal and wind resources. Harran University which has 2700
ha of land would like to build agriculture and renewable energy sci-
ence park and international renewable energy center.

Table 2 gives the list of energy institutes and R&D centers in Turk-
ish universities which was extracted one by one from universities’
websites. There exist 141 universities in the country in 2009 (69%
public, 31% private) [24]. Ege University solar energy institute, iTU
and Tubitak-Mam Energy Institute take very small portion in this
figure comparing 141 universities in the country. The research and
development centers (R&D) built on clean energy have a number
of 12 (10 public universities in Anatolia and 2 private in Istanbul).
However, this topic is really new for this country and it is expected
to increase of institutes and R&D centers rapidly in the near fu-
ture.

Tubitak organizes Formula-G competitions for solar race cars cre-
ated by universities since 2003. Istanbul University SOCRAT won
Formula-G in 2009 [25] (Figure 6).
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Table 2 Energy institutes and R&D centers in Turkish universities

Energy Institutes R&D Centers
1. Ege Uni. Solar Energy | 1. Harran Uni. Solar Energy R&D center
Institute 2. Hacettepe Uni. New and Clean Energy R&D center
2. iTU Energy Institute 3. Gebze High Technology Institute Wind Energy R&D center
3. Tubitak-Mam Energy | 4. Mugla Uni.Clean Energy Resources R&D center
Institute 5. Dumlupinar Uni. Alternative Energy Resources R&D center
6. Suleyman Demirel Uni. Renewable Energy Resources R&D center
7. Gazi Uni. Clean Energy R&D center
8. Ondokuz Mayis Uni. Clean Energy Technologies R&D center
9. Pamukkale Uni. Clean Energy R&D center
i 10.Akdeniz Uni. Clean Energy R&D center
Figure 6. istanbul Uni. SOCRAT solar 11.0zyegin Uni. Energy Environment and Economy Center
race car [25] 12.Yeditepe Uni. International Center for Applied Thermodynamics

Only two graduate programs can be found on clean energies and
energy and environmental management, one in Bahgesehir Uni-
versity [26] and the other in Hacettepe University [27]. These multi-
disciplinary programs should increase in the near future.

There are some efforts in faculties of architecture, city and regional
planning departments on disseminating and designing eco-tech
campuses. Gazi Uni. organized International Eco-Tech Cities Con-
ference in 2008. Many international experts presented their best
practices. Eco-Viikki including university and science park from
Finland and BoO1 including university and state of the art hous-
ing from Sweden were the interesting cases. Moreover, Gazi Uni.
2nd class urban design studio students planned Gazi Uni. Cubuk
Campus as eco-tech campus in 2008-2009 fall semester and made
an exhibition in Cubuk campus staff and students, municipality and
the public (Figure 7).
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Figure 7. Gazi University projects of urban design studio for Gubuk
Campus 2008-2009

The contradictions for universities’ solar future and how they can be
overwhelmed briefly are summarized in the next and the last sec-
tion and some steps for sustainable campuses will be presented.

4. Contradictions And Sustainability Principles For
Universities For The Solar Future

Every good and worthy endeavor will run into obstacles in spite of
its apparently good potential outcome. The following list shows the
most significant issues that will be faced in terms of implementing
a sustainable campus. It also provides a process for how these
obstacles can be overcome [2].

Understanding the significance of sustainable development:
Universities like most organizations with a large mission and limited
resources work on priorities. In the beginning, the organization’s
attention (interest, concern, and knowledge of the issue) is more
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important than money. What is needed at first is a common vocab-
ulary and understanding of the “why” and the “how” of a sustainable
campus. This must occur at all levels of the organization.

Availability of information resources: Information on this topic is
not easy to find in one place. Many people know a little bit about
different aspects of the problem but are not often able to see the big
picture. Unfortunately, myths also abound and complicate the task
of informed decision making.

Cost of consumption virtually invisible: Very few organizations
widely publish the cost of utility resources. In most cases only a
few administration officials are aware of the amount of money spent
on energy, water, and waste management. This contributes to the
ambivalence toward energy, water, and other utility consumption.
Even most department heads are not aware of the utility cost of
their operations.

Perceived insignificance of the individuals’ role: One of the
problems with getting people involved in a conservation program
is the perception that what one person can do is very little and
therefore the effort is not worth the trouble. When viewed from the
perspective of a total organizational effort, all these little bits of ef-
fort can add up to more capital for the organization.

Actions devoted to conservation perceived as more cost than ben-
efit: Most people are not aware of the significance and impact of
conservation efforts whether embodied in retrofit projects, training,
education, or individual actions to control energy consumption in
their own environment. They are also unaware of the embedded
energy related to the choices they make.

Conservation perceived as doing without: Energy management
focuses on eliminating energy waste and optimizing the use of en-
ergy when it is needed. There is a lot that can be saved just by
eliminating waste. The green approach allows for improved work-
ing and learning spaces while reducing the cost of utility resources
significantly.

Guidelines should be developed to facilitate exchange and to pro-
vide tools to enable organizational commitment and action. The
charter can be structured around three topics: (1) sustainable con-
struction, renovation, and campus operation; (2) sustainable mas-
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ter planning and development, mobility, and community integration;
and (3) the practice of linking facilities, research, and education for
sustainable development.

For being a sustainable university, the approach can be catego-

rized into six steps [8]:

1) Create an institutional strategy and vision: use of natural re-
sources, system design in buildings, energy, landscape, water
and waste management, transportation, integration of sustain-
ability in culture, curriculum, research, human health and gov-
ernance.

2) Continue to engage the efforts of students and staff

3) Develop a decision-making structure that engages a broad
based coalition

4) Develop a management structure that leads to institutional
change

5) Consider institutional results, projects, grants

6) Establish a sustainability metrics to measure progress.

Local, regional and international networks should be identified and
campus management should be a part of these networks. For ex-
ample, Association for the Advancement of Sustainability in Higher
Education is North America’s major association of colleges and uni-
versities working to create a sustainable future. Copernicus Cam-
pus renamed as Copernicus Alliance strives to promote the role
of sustainable development in European higher education. Such
networks also include the three convening organizations of this
conference: Sustainable Futures Academy, the Global University
Leaders Forum and the International Sustainable Campus Net-
work. Sustainability networks within Asia include the Australasian
Campuses Towards Sustainability, the UNU Regional Centers of
Expertise, Integrated Research System for Sustainability Science
and the Korean Association of Green Campus Initiatives [28].

Today’s graduates are facing unprecedented circumstances in the
world. They are going to be challenged to stabilize world popula-
tion; stabilize and then reduce the emission of greenhouse gases
that induce climate change, protect and value bio-diversity, stop
the destruction of forests worldwide; conserve energy; and stop soil
erosion. They will also need to overcome the economic disparities
that have deepened and the injustices that prevail.
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Abstract

A renewables - intensive global energy future is technically fe-
asible, and the propects are excellent that a wide range of new
renewable-energy technologies will become fully competitive with
conventional sources of energy during the next several decades.
Yet the transition to renewables will not occur at the pace envi-
saged if existing market conditions remain unchanged. The most
important presidential and congressional actors held to a framing
of the energy problem that made it impossible for solar advocates
to present a compelling case that their technology fulfilled either the
normative or pragmatic requirements were deeply intertwined. The
current interest in solar energy and its anticipated future growth
brings an unusual opportunity for the study of the consumer buying-
behavior process surrounding solar energy products. Very little is
presently known about how individuals and firms adopt themselves
against innovative solar products. This study examines adoption
and diffusion of products which rely on solar energy technologies
within an innovation framework.

1. Introduction

Most of the energy resources we use today are finite. Sun is an
infinite source of energy and is the source of life on earth. Even
while we feed ourselves, actually we benefit from the solar energy
which was converted to some kind of “consumable” energy through
various ecologic cycles. Solar energy reaches earth in the form of
light and heat, which both can be captured and convertible to other
kinds of energy — in particular, electricity.

Solar energy as heat has been used as a means for passive he-
ating and cooling systems; and sun light was used for ergonomic,
aesthetic and semiotic purposes since ancient times. Though with
industrial revolution and mostly after the “Second World War”, hu-
manity faced a mental trauma and most of its “environment friendly
know-how” which enabled sustainability of the humankind has been
replaced by emerging “new” technologies. Since then technology
acted as a factor to affluence and population which has a negative
impact on the environment. It acts as an impact which threatens the
future — the sustainability of the humankind. Fortunately, soon af-
ter realizing the problem, latest developments in technology mostly
inspire from the nature itself and so advanced that it can also be
used to negate this impact, with an even positive effect which heals
the negative effects of population and affluence.

Niliifer EGRICAN
Yeditepe University

Developing such advanced technologies has a lifespan from ini-
tial invention to widespread use. A potential benefit exists if this
lifespan can be analyzed with all factors affective over the process
within a structured methodology. In this paper we develop a simple
model to identify some basic factors which affects to the process
for solar technologies.

Problem Context

The currentinterest in solar energy and its anticipated future growth,
an unusual opportunity exists for the study of the consumer buying-
behavior process surrounding solar energy products. Very little is
presently known about how individuals and firms adopt innovative
products which rely on solar technologies (Brecsu, 2001).

The aim for sustainability assessment goes even further than at
the design stage of a project to consider its importance at an early
stage, before any detailed design or even before a commitment
is made to go ahead with a development. However, little or no
concern has been given to the importance of selecting more en-
vironmentally friendly designs during the project appraisal stage in
which environmental matters are best incorporated [5].

A future scenario for the humankind must be developed. Hence the
population is always increasing it may be foreseen that we would
need to leave the land for agricultural facilities and move the po-
pulation to live on or in the seas or other remaining land which is
not suitable for growing plants or feeding animals. We would also
have to relocate the place of industrial zones to protect freshwater
resources and develop — build gray water and storm water collec-
tion systems, giant desalination facilities, while reducing energy
requirement which rely on finite resources to operate such facili-
ties. Either it would take a decade or a century, we have to start
preparing for tomorrow now for the sanity of our children. None of
the statements given above are novel but too few arguments exist
to answer the question: “How?”

Methodology

Construction has been accused of causing environmental prob-
lems ranging from excessive consumption of global resources both
in terms of construction and building operation to the pollution of
the surrounding environment. Research on green building design
and using building materials to minimize environmental impact is
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already underway. This study examines innovative technology de-
velopments for solar energy products within an adoption and diffu-

sion of innovations framework.

In this paper the role of technology, energy and sustainable deve-
lopment as a driver for solar energy products adoption is examined.
The adopting unit may be an individual or a group that participates
in the decision making process to adopt a given innovation. While
for many consumer products and services the individual consumer
is the adopting unit, in most cases the adopting unit of solar energy
innovations may include the user, the architect, the builder, or an

organization.

Since our primary focus is the construction sector we elaborate on
the “Integrated Design Process (IDP)” as the “Contemporary Know-
ledge Management” progress for “Innovation” in “Architectural and
Engineering” design. We then elaborate on the general outcomes
of such Endeavour in terms of unit costs of investments and emp-
loyment opportunities. The analysis helps to identify key drivers for
renewable power projects, energy demand, and comprehensive

national policies.

Related Work

Past research shows that several types of domestic solar systems
are well-suited to an urban environment. These technologies are
proven, effective, and offer the opportunity for individuals to make
a statement about their environmental beliefs (Brescu, 2001). The-
se systems are also defined as economic (Book, 1999), affordab-
le (Berger, 2001), compatible with other technologies (Knudsen,
2002), enable to reduce pollution (Luque, 2001), and technically

reliable (Cabraal et al., 1998).

The adoption of an innovation is partly dependent on the consu-
mers’ perception of the product attributes, starting with the ‘relative
advantage’ a product may have over another existing product, and
also include issues of compatibility, complexity, observability and

trialability (Faiers. A., et al, 2006).

Thus a key point in the question of how technology and sustainable
development interact with respect to global environmental constra-
ints is how effectively resources that have become scarce owing
to global environmental constraints can be substituted for by an
unlimited resource, technology. (Kaya, Yokobori, 1997).

Adoption Of Solar Technologies

Solar energy is the main source of most of the important renewab-
le energy resources consisting of “Thermal” (heat and radiation),
“Hydropower” (the hydraulic cycle), “Kinetic” (wind power), and
“Biomass” (for food and power). The Hydroelectric power, “Con-
centrating Solar Thermal” and “Photovoltaic” power. Most of the
renewable energy facilities installed today is for electricity gene-
ration, especially hydro electric and geothermal facilities; and, the
proportion of renewable energy consumed for generating electricity
in relation to the total renewable energy consumed each year du-
ring this five year period remained nearly constant at approximately

66%. (Kruger, 2006)
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At present, solar energy conversion technologies face cost and sca-
lability hurdles in the technologies required for a complete energy
system. To provide a truly widespread primary energy source, solar
energy must be captured, converted, and stored in a cost-effective
fashion. New developments in nanotechnology, biotechnologg)
and the materials and physical sciences may enable step-change
approaches to cost-effective, globally scalable systems for solar
energy use. (Lewis, 2007)

Moreover, because the size of most renewable- energy equipment
is small, the development and use of renewable —energy technolo-
gies can advance at a faster pace than conventional technologies.
Whereas large energy facilities require extensive construction in
the field, where labor is costly and productivity gains to difficult to
achieve, most renewable energy equipment can be constructed in
factories, where it is easier to apply modern manufacturing techni-
ques that facilitate cost reduction. (Kaya, Yokobori, 1997). Rene-
wable energy consisting of fluxes available on a daily basis from
incoming solar and lunar sources.

The contribution of renewable energy sources to the global primary
energy supply was 13.5 per cent in 2001 (IEA, 2003b). Biomass
is the most important renewable energy source today and has a
share of 80 per cent among the renewables. Only three centuries
ago, renewable energy sources provided virtually the entire global
energy supply and many studies show that this might be achieved
again in the future. However, other renewable energy sources such
as solar power and wind power will be crucial in the future.

Within the scope of this research, macro factors affecting the adop-
tion of solar technological developments have been identified as
“Innovation”, “Economy”, and “Public Policy” factors. Many other
secondary parameters contribute to the adoption process.

Innovation

Innovation has two quite distinct meanings. The first meaning is
that of invention, creation, or discovery, to bring forth something
truly new and useful. The other meaning is adoption of what is new
to you, whether “you” are an individual or an organization (Coates
J. F., 2003)

Particular ideas, interests, and institutions shape the energy prob-
lem frame. In doing so they also influence the way in which decision
makers and the public see solar energy and its potential to solve
energy problems. The failure of solar energy to develop in these
years focuses on the lack of any pressing short term need for it.
Although conditions changed and decreasing prices in most parts
of the energy market characterized the postwar period to 1968 (La-
ird, 2001).

Solar advocates were unsuccessful by 2001. Though they succee-
ded in institutionalizing ideas, especially normative values, favoring
the promotion of solar energy, while lack of supporting institutio-
nalized values influenced both the interpretation of empirical ideas
and the arena in which the assorted interests sought their preferred
policy.
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The driving force behind achievement of sustainable development
was the development of manufacturing industry, and the rapid en-
hancement of productivity levels was most typically observed in the
overcoming of constraints in the supply of energy by means of tech-
nological development. It is noteworthy that this enhancement was
successful because of such means as substituting an unlimited re-
source (technology) triggered by innovation for limited resources
(energy) (Watanabe, 1992).

Economic Efficiency

The question of economic efficiency is a major concern when plan-
ning renewable power projects. Alleged poor economic efficiency is
one of the main arguments against renewable energy sources. The
solution with the best economic benefits is usually the one realized,
whereas technical or ecological aspects are of secondary impor-
tance. From the national economy’s point of view, accommodating
these latter considerations often causes negative consequences.
Finally, effects on the environment are not considered sufficiently
in current practice.

The aim of economic calculations is to find one system out of the
various possible solutions that provides the desired type of energy
at a lowest cost. Therefore, different types or variants of renewable
energy systems are compared one against to another. Furthermo-
re, renewable energy systems are usually compared with conven-
tional systems, although many such comparisons do not consider
the full benefits and costs for the national or world economy. Pro-
duction volumes of many renewable energy technologies are still
relatively low and many involve multiple production steps, requiring
expensive labor.

However, if future progress ratios are in the same range as the
progress ratios of the past few decades, renewable energy systems
will surely become competitive with all conventional energy types
within the 21st century. Besides cost reduction of renewable energy
systems, the increase in fuel costs for conventional systems due
to limited conventional energy resources will force this develop-
ment in the long term. However, exactly when renewable energy
systems will dominate the global energy sector depends mainly on
the question of when our society will give these energy resources
a high priority to counteract the negative consequences of using
conventional energy sources. (Quaschning, 2005)

Solar advocates varied in their detailed assessments of various
solar Technologies, but they presented a technological narrative
that was remarkably consistent in its overall structure and content.
The most important presidential and congressional actors held to
a framing of the energy problem that made it impossible for solar
advocates to present a compelling case that their technology ful-
filled either the normative or pragmatic requirements were deeply
intertwined. Most solar advocates during this period tried to reaf-
firm conventional problem frames and values, usually by making no
explicit mention of normative issues in their writings, or if they did,
they simply repeated the requisite emphasis on prosperity, which
required both secure energy supplies and cutting-edge technolo-
gies. A convincing case that solar technologies could deliver ever-
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increasing blocks of bulk energy in the not-distant future, and at
prices that would not stifle economic growth. (Laird, 2001)

This success provides a new theory which can be applied to a
“constrained economy.” Attaining sustainable development by
overcoming existing constraints is important for a constrained eco-
nomy and a positive solution can be expected through the contribu-
tion of technology (MITI, 1992).

Public Policy Issues

A renewables- intensive global energy future is technically fea-
sible, and the prospects are excellent that a wide range of new
renewable-energy technologies will become fully competitive with
conventional sources of energy during the next several decades.
Yet the transition to renewables will not occur at the pace envisa-
ged if existing market conditions remain unchanged.

Private companies are unlikely to make the investments necessary
to develop renewable technologies because the benefits are dis-
tant and not easily captured by individual firms. Moreover, priva-
te firms will not invest in large volumes of commercially available
renewable-energy technologies because renewable - energy costs
will usually not be significantly lower than the costs of conventional
energy. And, finally, the private sector will not invest in commerci-
ally available Technologies to the extent justified by the external
benefits (e.g. a stabilized world oil price or reduced greenhouse
gas emissions) that would arise from their widespread deployment
if these problems are not addressed, renewable energy will enter
the market relatively slowly.

Fortunately, the policies needed to achieve the twin goals of incre-
asing efficiency and expanding markets for renewable energy are
fully consistent with programs needed to encourage innovation and
productivity growth throughout the economy. Given the right policy
environment, energy industries will adopt innovation, driven by the
same competitive pressures that have revitalized other major ma-
nufacturing businesses around the world.

Capturing the potential for renewables requires new policy initia-

tives. The following policy initiatives are proposed to encourage

innovation and investment in renewable Technologies:

® Subsidies that artificially reduce the price of fuels that compete
with renewables should be removed; if existing subsidies can-
not be removed for political reasons, renewable energy Techno-
logies should be given equivalent incentives.

® Taxes, regulations, and other policy instruments should ensure
that consumer decisions are based on the full cost of energy,
including environmental and other external costs not reflected
in market prices.

® Government support for research on and development and de-
monstration of renewable-energy Technologies should be incre-
ased to reflect the critical roles renewable —energy Technologies
can play in meeting energy, developmental, and environmental
objectives. This should be carried out in close cooperation with
the private sector.

® Government regulation of electricity utilities should be carefully
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reviewed to ensure that investments in new generating equip-
ment are consistent with a renewables-intensive future and that
utilities are involved in programs to demonstrate new renewable-
energy Technologies in their service territories.

® Policies designed to encourage the development of a biofuels
industry must be closely coordinated with both national agricul-
tural development programs and efforts to restore degraded
lands.

® National, regional, and international institutions should be crea-
ted or strengthened to implement renewable-energy programs.

® |nternational development funds available fort he energy sector
should be directed increasingly to renewables.

® A strong international institution should be created to assist and
coordinate national and regional programs for increased use of
renewables, to support the assessment of energy options, and
to support the assessment of energy options, and to support
centers of excellence in specialized areas of renewable-energy
research.

There are many ways such policies could be implemented. The
preferred policy instruments will vary with the level of the initiative
(national, regional, and /or international). The preferred options will
reflect differences in endowments of renewable resources, stages
of economic development, and cultural characteristics.

Conclusion

The findings are based on a renewable —intensive global energy
scenario, which was developed in order to identify the potential
markets for renewable technologies in the years 2025 and 2050,
assuming that market barriers to these technologies are removed
by comprehensive national policies. An evaluation of the potential
contribution of renewable energies concluded that, given adequ-
ate support, renewable energy technologies could meet much of
the growing demand at prices lower than those usually forecast for
conventional energy. (Johansson et al., 1993).

The following Figure 1 illustrates the wide range and different cha-
racter of mechanisms that have either induced or blocked the dif-
fusion of renewable energy technology. There are five functions in
selected technological systems in Germany, the Netherlands and
Sweden and two broad policy challenges are then formulated (Ber-
gek, 2002, Johnson and Jacobsson, 2001a and 2001b).
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Figure 1. Inducement and blocking mechanisms for some renewable
energy technologies

148

These mechanisms are from different cases and above illustration
should, therefore, only be interpreted as an overview of the most
important mechanisms found in the cases. Line weight illustrates
the main messages. The analysis is concluded with a synthesis
of the factors analyzed and a simple IDEFO preliminary model for
adoption of solar technologies have been developed which outputs
relevant strategies to enable “sun as main energy” (figure 2).

Figure 2. the Solar Technologies Adoption Model

The adoption model has three basic inputs to the adoption process.
These are “sustainable” technologies which are taken into acco-
unt as “unlimited resource” because these technologies rely on the
excellent innovation capability of the humankind. Second input is
energy resources we use today which with a high person rely on
finite resources. The third input is sustainable development which
includes environmental, social and economic sustainability of so-
cieties and in particular is about design (biomimetics, bioclimatic
design, ecology, passive solutions and energy conservation).

Global environmental constraints, lack of (insufficient) legitimacy,
available conventional energy systems, marker barriers, cost, infla-
tion rates, poor economic decisions, uncertainty and risks, with go-
vernment policies define a set of controls and constraints affecting
the adoption process. These factors all together define the margins
of the path which goes to the future where sun is used as the main
energy resource. The wider the margins, faster we would evolve.

Renewable power projects are our main source for innovation and
development. Comprehensive national policies supported with in-
tensives and detailed feasibility plans facilitate to realize such pro-
jects; and of course energy demand is a major driver which triggers
the efforts for innovation. These factors define main mechanisms
and provide the gear required to realize a future where sun is used
as the main energy resource.
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The model shows basic factors and barriers against renewable
energy technologies whilst promoting the required strategy compo-
nents which enlighten the path to a future that sun is used as main
energy and can be used as a tool to make a vision, a reality.
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EXPERIMENTAL PERFORMANCE OF SINGLE PASS SOLAR AIR HEATER
WITH FINS AND STEEL WIRE MESH AS ABSORBER
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Abstract

Thermal performance of a single pass solar air heater using a steel
wire mesh as absorber plate was investigated experimentally. The
effects of mass flow rate of air on the outlet temperature and ther-
mal efficiency for a bed of height 0.07m shows that the efficiency in-
creases with increasing air mass flow rate for ranges between 0.012
and 0.038 kg/s. The maximum efficiency obtained was 59.62% for
air mass flow rate of 0.038kg/s. Moreover, the Maximum difference
between the outlet and ambient temperature obtained was 36.93°C
for mass flow rate of 0.01kg/s. Comparison with a conventional single
pass collector shows a substantially much more enhancement in the
thermal efficiency.

Keywords: Single pass solar air heater; packed bed; Wire mesh
with fins absorber; Thermal efficiency;

Introduction

Solar air heater is a simple device that heats air by utilizing solar
energy, which has many applications in drying of agricultural prod-
ucts, such as seeds, fruits and vegetables and space heating [1].
Also, solar air heater are utilized as pre heaters in industries and
used for auxiliary heating in buildings to save energy during winter-
time [2]. Conventional solar air heaters mainly consist of a panel,
insulated hot air ducts and air blowers if it is an active system. The
panel consists of an absorber plate thermally insulated from the
bottom, the sides are also insulated, and a glass or plastic cover
fixed above the absorber plate forms a passage for air flow. There
are different factors affecting the air heater efficiency, e.g. collector
length, collector depth, type of the absorber plate, glass cover plate,
wind speed, etc. The absorber plate shape factor is the most impor-
tant parameter in the design for any type of air heater. Increasing
the absorber plate shape area will increase the heat transfer to the
flowing air, but on the other hand, will increase the pressure drop
in the collector as a result increase the required power consume in
the fan of air heater.

Works on single pass solar air heater to improve the heat transfer
coefficient between the absorber plate and airstream include using
an absorber with fins attached [4-9], the use of porous material like
wire mesh screen [2, 10-11], limestone and gravels [12], limestone,
gravels and iron scraps [13] inside the collector so as to increase
the outlet temperature and the efficiency of the solar air heater.
Modifications with wire mesh, iron chips with pebbles and copper
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screen meshes as the porous matrix, tends to increase the surface
per unit volume ratio substantially and enhance the thermal efficien-
cy significantly but also increase the pressure drop, which becomes
important at high volume flow rates of the air. [14] Show that the
overall heat transfer depends on porosity and surface area density
but weakly on orientation when several experimental configurations
of copper screen mesh to identify the referable orientation for maxi-
mizing thermal performance was investigated. Lower porosity is re-
ported to achieve higher efficiency [11] and thermal efficiency with
gravel packed bed is 22% - 27% higher than that without a packed
bed [13]. These modifications, using the porous matrix, enhance
the thermal efficiency significantly but also increase the pressure
drop, which becomes important at high volume flow rates of the
air. Minimizing pumping power due to different arrangement was
presented in a study to investigate the thermal performance of a
solar air heater packed with wire screen matrices for different geo-
metrical parameters [15]. [10] Numerical result of air flow collectors
in which the absorber surfaces were made of porous matrix for air
mass flow rates from 0.005 to 0.2 kg/s shows improved thermal
efficiency. The purpose of this work is to investigate experimentally
the single pass solar air heater with porous media filling the chan-
nel acting as an absorber plate. The porous media used consist of
steel wire mesh layer arranged in a way to give high porosity. Tests
were conducted under actual outdoor conditions. The obtained re-
sults show that the efficiency is higher than the compared work by
9%-11% [16] depending on the air mass flow rate.

Experimental Set-Up And Equipments

Figure.1 presents a schematic view of the constructed single pass
air collector. Plywood of 2 cm thickness Painted with black color
from inside and outside was used to make the frame of the collec-
tor. All sides and bottom of the collector were insulated with 2cm
thick Styrofoam with the collector frame length and width made to
be 1.5 mby 1.0 m. Normal window glass of 0.3 cm thicknesses was
used as glazing while distance between the glass and the bottom
of the collector duct “h”, was 7cm. The air inflow into the duct was
through a 2cm created at the top of the collector by reducing the
length of the cover glass to be 1.48 m (Fig. 1). Four metallic fins of
1.5m length by 7cm height, painted black were positioned longitu-
dinally along the duct creating five different passage sections of air
pass and each section was fixed with seven steel wire mesh lay-
ers, 0.2 x0.2 cm in cross sectional opening. The distance between
the wires mesh layers was 1cm and it was painted with black color
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before installing it in the air pass channel. In this arrangement, the
seven wire mesh layers acts as an absorber plate and no need
to have an absorber plate at the bottom of the air pass collector.
In this way, the cost of the solar heater is thus reduced consider-
ably because the wire mesh is readily available in the market and
very cheap. In addition, the new design of the porous matrices will
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7: Air blower

8: Speed controller

9: Straightener

10: Incline manometer
11: Steel pipe 11cm in
diameter

1: Pyrometer

2: Air direction

3: Glass

4: Thermocouples

5: Digital thermometer
6: Orifice meter

12: Converging section
13: Wire mesh

14: 2cm air passes

15: Longitudinal fins

Fig. 1 Single pass solar air heater showing, a) Schematic Diagram of the
experimental setup, b) front view.

minimized the pressure drop due to the porous medium through
the collector. The pressure drop, due to the addition of the po-
rous matrix to the collector, in this case is very small and can be
neglected where the porosity is very high and more than 0.85 as
expected.

In order to get a uniform flow through the orifice meter, two flow
straightener were made and installed inside the pipe, one in-
stalled before the orifice meter and the other installed after the
Orifice meter. Each straightener consisted of plastic straw tubes
with 0.595 cm diameter and 3 cm length. Calibrated orifice meter
has been used in the pipe to measure the air flow rates. The ori-
fice meter is designed according to Holman [17] and was installed
in the pipe (11cm in diameter) that was connected between the
converging section and the axial blower (Type GEC-XPEL AIR).
The pressure difference through the orifice was measured by us-
ing an incline manometer filled with alcohol which had a density
of 803 kg/m3. The angle of the manometer was fixed at 19°. A
different flow rate could be obtained from the air solar heater col-
lector by using a speed controller which is connected to the axial
fan to control the speed of the fan. The outlet temperature, Tout,
and the inlet temperature, Tin, temperature was measured by us-
ing five thermocouples type T. Three thermocouples were fixed
inside the pipe before the orifice meter to measure the outlet tem-
perature of the working fluid and two fixed underneath the solar
collector to measure the temperature of ambient air. The tem-
perature readings were collected by Ten-channel Thermometer
(MDSSi8 Series digital, Omega) +0.5°C accuracy. A calibration
test showed that the accuracy of the thermocouple readings were
within +0.15¢°C.
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During all experiments, the global solar radiation incident on an
inclined surface was measured using an Eppley Radiometer Pyra-
nometer (PSP) coupled to an instantaneous solar radiation meter
model HHM1A digital, Omega 0.25% basic dc accuracy and a reso-
lution of +0.5% from 0 to 2800 Wm-2. The pyranometer was fixed
beside the glass cover of the collector. The heater was oriented
facing south and tilted with an angle of 360 with respect to the hori-
zontal to maximize the solar radiation incident on the glass covers
[18]. Air is circulated for 30 min prior to the period in which data are
taken. The measured variables, ambient temperatures, Tin, outlet
temperatures of the working fluid circulating through the collector,
incline manometer reading, and the solar radiation, were recorded
at time intervals of 60 min. All tests began at 8 am and ended at
5 pm.

Result And Discussion

The pack bed with fins and no absorber plate single pass solar
air heater is investigated experimentally under Famagusta prevail-
ing weather conditions during the summer months, 25. 07. 2009
- 31.07.2009, with clear sky condition. Famagusta is a city of north
Cyprus located on 35.125° N and 33.950 E longitude. The per-
formance of the proposed single pass solar air heater with fin and
packed with steel wire mesh as absorber was studied and com-
pared with the performance of a single pass solar air heater. The
mass flow rate of the air was varied from 0.012 to 0.038 kg/s and
the uncertainty for mass flow rate was 32 % by calculations [9].
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Fig.2 Temperature difference and solar intensity versus time at different mass
flow rates.
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Fig.3 Variation of collector efficiency with time at different mass flow rates
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Fig. 2 shows the temperature differences, AT = Tout —Tin, versus
time of the day for different mass flow rates and hourly measured
solar radiation of a clear day in Cyprus for single pass solar air
heater. The highest daily solar radiation obtained was 1050 W/
m? at 13:00 hrs. For this configuration of the solar air heater with
fins and packed wired mesh, the maximum temperature difference
reached was 36.93°C at 13.00 hrs, with a flow rate of m= 0.012
kg/s. In general, AT was found to reduce with increasing air mass
flow rate. In addition, results showed that for the same mass flow
rate the collector temperature differences increased with increasing
solar radiation, |, and decrease as solar radiation drops to lower
values later on during the day. Using iron chips as a packed bed,
[19] outlined that the maximum temperature reached is 26°C and
[20] reported that the average temperature of the flowing air was
improved by 7.7°C over the ambient temperature in the case of
copper chips.

Efficiency versus time at various air rates for this experiment is
shown in Figures 3. The efficiency of the solar collector, n, is de-
fined as the ratio of energy gain to solar radiation incident on the
collector plane,

caos m E‘;p {?:'uﬂ' = ?;H‘ } (1)
L IA,

Where m is the air mass flow rate, Cp is the specific heat of the
fluid; A is the area of the collector. The efficiencies increase to a
maximum value at 12:00-13:00 hrs by noon, and then they start to
decrease later on in the afternoon. The efficiency of a single air
pass solar collector notably depends on the air mass flow rate.
The maximum efficiency obtained for this single pass air collec-
tor is 59.62 at 13:00hrs for m=0.038kg/s and the uncertainty for
the efficiencies were calculated to be 2.4 % [9]. The efficiency
increases with an increasing air mass flow rate of air (Fig. 4).
Figure 4 shows the plots of thermal efficiency of the single pass
solar air heater collector as a function of mass flow rate, m, for the
period of 1:0 and 3:0 pm of the day. [13] Outline that the thermal
efficiency increases with increasing the mass flow rate until a typi-
cal value of m=0.05 kg/s beyond which the increase in thermal
efficiency becomes insignificant. [12-13] Recommended to oper-
ate the system with or without the packed bed with the value of
m=0.05 kg/s or lower to have a lower pressure drop across the
system and a reasonably high thermal efficiency, which will be
more than 70%.

[19] , reported that the efficiency increases with increasing mass
flow rate to reach 45% when the mass flow rate equals 0.022 kg/s.
[16], outlined that the maximum values of efficiency of the single
duct solar air heater were found to be 32% and 27% when iron
chips and pebbles, respectively, were used as packed bed ma-
terials. Comparison of the results of a packed bed collector, with
those of a conventional collector shows a substantial enhance-
ment in the thermal efficiency when wire mesh screen layer was
use as a packing material with a distance of 1 cm between the
layers in the duct of solar air heater and for a collector frame with
lower height.
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Conclusions

This study shows that single pass solar air heater using wire mesh
as absorber increase the thermal efficiency of the air heater. The
efficiency was found to increase with increasing mass flow rate of
air while, the temperature difference between the outlet flow and
the ambient, AT, was found to reduce with increasing mass flow
rate of air. Further still, results showed that for the same mass flow
rate the collector temperature differences increased with increasing
solar radiation, /, and decreases as solar radiation drops to lower
values later on during the day. According to [10] who theoretically il-
lustrated this with porous media obtained 84% efficiency to 59.62%
from this work and a maximum temperature difference of 46 °C to
36.933°C for double (counter flow) with and without double glazing
and single pass air heater (in this study) respectively. The absence
of a separate absorber plate which proves that the coefficient be-
tween the absorber plate and the flowing fluid thermal effect has
not affected the improved thermal efficiency performance but there
are possibilities that it will increase the performance.
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Summary

Solar air heater is a simple device that heats air by utilizing solar
energy, which has many applications in drying of agricultural prod-
ucts, such as seeds, fruits and vegetables and space heating, as pre
heaters in industries and used through auxiliary heaters in buildings
to save energy during winter-time. Different factors affecting the air
heater efficiency, e.g. collector length, collector depth, type of the
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absorber plate, glass cover plate, wind speed, etc. The absorber
plate shape factor is the most important parameter in the design for
any type of air heater. Increasing the absorber plate shape area will
increase the hear transfer to the flowing air, but on the other hand,
will increase the pressure drop in the collector as a result increase
the required power consume in the fan of air heater.

The purpose of this work is to investigate experimentally the ther-
mal performance of a single pass solar air heater using steel wire
mesh as an absorber plate. The steel wire meshes layers 1cm apart
was arranged in a way to give high porosity. The indicated results
show that the efficiency increases with increasing mass flow rate
for the range of air mass flow rate used in this work between 0.012
and 0.038 kg/s. Moreover, the maximum efficiencies obtained are
59.62 % for the mass flow rate of 0.038 kg/s. At a mass flow rate of
0.01 kg/s, the maximum temperature difference reached was 36.93
°C at noon. Comparison with Mohamad A.A, [11] numerical result
of air flow collectors in which the absorber surfaces were made of
porous matrix for air mass flow rates from 0.005 to 0.2 kg/s shows
improve thermal efficiency.
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ENERJI SEKTORU STRATEJIK PAZARLAMA YONTEMLERININ EKSIKLIKLERI

Recep SOYALP
Pendik Arastirma Enstitlist
Arastirmaci - Fizikgi

Ozet

Gundemimizde olan enerji sektdrtiniin yanls gérdligim birgok eksik-
ligini dile getirmek ve stratejik pazarlama ydntemlerine deginerek sek-
torti temsil eden tlim yénetici , kurum , kuruluglarin bilgilendiriimesi ile
amacina ulasan bir projeyi baslatmak istiyorum.

Giris

Alicisini bildigimiz Griind, hizmeti nasil kolay sattigimizi biliriz. Uriin
ne kadar pahali olursa olsun garanti satis yapan birisi i¢cin satacagi
Grinun az maliyetlimi gok maliyetlimi olduguna bakmaz. Az serma-
yeli az Grun hizmet ¢ok sermayeli ise daha genis bir Grln hizmet
yelpazesini musterisine sunar. Enerji sektorii de cogunlugu alim
garantili bir sektér oldugu icin Grinln veya hizmetin elde kalacagi
pek gérulmeyen bir sektordir. Ancak ve ancak kisisel veya sirketin
hatalarindan dénusii olmayabilir. Bununda pek olacagini sanmiyo-
rum ama yinede ylzdesi kicuk bir ihtimal birakmak istedim.

Simdi géruldiugl Gzere bir ¢ok firmanin, kazancinin garanti oldu-
gunu bildigimiz fakat yatirma baktiginizda ¢ok buyik finansin ge-
rektigi Enerji sektérimuizde genellikle cogu kurulus veya sirket bu
isi know-how gibi firmalarla tretim faaliyetlerini baslatiyorlar yada
direk olarak ithalatini yaparak sadece araci bir sirket durumuna di-
stiyorlar. Yatinm yapan firmalara baktigimizda da gériiyoruz ki Ul-
kemizin genelde Sanayide ve Ticaret hayatinda hep tavan yapmis
isimlerin , sirketlerin , holdinglerin yaptigini géririz. Bu 6nde gelen
firmalar kar marjinin kokusunu aldiklari zaman yatiracaklari paraya
degil de garantili bir sekilde alimin ne kadar vade ile yapildigini
hesaplayarak , kamu payinin az oldugu bir konjonktirde yer alma-
yi istiyor, devletin ve 6zel bankalarin kredilendirme sistemleriyle
Enerji’deki 50-60 milyar dolar olan pastadan buylk paylar almayi
duslinerek hareket ediyorlar. Gergekten pasta ¢ok ihtisamli, blyuk
ve bir o kadar da lezzetli ki holdinglerin enerji gruplari birbirleriyle
yaris icerisine girmis durumda ve diger holdinglerde bu sektdre
kayma egilimi gdstermislerdir.

Goérduglniz Gzere buraya kadar her sey gayet glizel ve iyi gittigini
anliyorsunuz ama yaniliyorsunuz. Nedenmi,

Bir ¢cok konferans ve uluslararasi seminerlerde , Enerji verimliligi
Forumunda , Tirk sanayisinde enerji verimliligi seminerlerinde sek-
térden insanlarin tek eksigi tlkesine katma de@er adina bir seyler
yaptigini unutup ceplerine inen degeri dustinmeleridir. Glnku bak-
tigimda hepsi Bogazicili , Odtii’lii , iti’li ve daha yiiksek tiniversi-
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telerin Miihendisleri , hukukgulari , isletmecileri. Yurtdigi Masterli ,
iyi bir egitim almis kisiler, Baktiginizda stiper beyinler ama ben éyle
dasunmuiyorum.’ 60 milyar dolarin % 85 ini ithal eden yani kendi el-
lerimizle disariya génderen beyinler ‘ olarak gériiyorum maalesef.

Dogalgaz'da ve Petrol’de Transit Gegis projeleri (Glney Akim ,
Mavi Akim , Nabucco gibi ) , Nikleer Enerji Santral kurma ihalesi
, Glines enerjisi ve rlizgar enerjisine yapilan ve sirekli artan yati-
rimlar hep iyi dustinulmis ve iyi 6rnekleri olan projeler ve fikirler
fakat sonucu genelde sadece yurtdisina 6denen sermayelerin Ul-
kenin bor¢ miktarini artiran projeler. Neden mi nedeni cok basit.
Yapilan tim teknolojik altyapi dis Ulkelerden tedarik edilen urtinler
oldugundan dolayi. A-Z ye enerjide disa bagimli olmak bu dlkenin
kaderi degil arkadaslar.

Pazar arastirirken énceligi kendi bélgemizdeki pazarlari arastirip
desteklemeliyiz. Ornegin yeni bir proje olan ve hepimizin belki de
bir sekilde ugradigi Bursa Kapalicarsi da ¢cok eskiden beri kurukah-
vecilik ve kuruyemiscilik yapan SENOZ ailesinin bireyleri tarafindan
TURKWATT projesi benim ilk okudugumda ¢ok mutlu oldugum bir
projedir. En kisa sirede blyuk bir ivme kazanarak uluslar arasi bir
proje olmasini diliyorum. Oda olmuyorsa kendi pazarimizi kendi-
miz olusturmaliyiz. Eneriji ile ilgili proje yarismalarinin yapilmasini
saglamali ve desteklemeliyiz. Aldigimiz Uriinlerin hepsinin kendi
topraklarimizda olusmus Uretilmis olmasina dikkat etmeliyiz. Tar-
kiye Avrupanin iyi bir satis ve pazarlamasi ayrica transiti olmasinin
yaninda gercekten % 100 yerli sermayeli isimlerin Grlnlerin dinya-
ya acilimini yapmasi gerektigini siz degerli yoneticilerin sayesinde
olmasini da ayrica istemekteyim..

Bu konuda yerli Uretim yapma arzusu icerisindeki kigilere destek
vermek ve enerji ile ilgili tim sektdrleri bir araya getirerek tilkemizin
gercekten Enerji sektériinde diinya markasi olmasi sektérdeki ca-
lisanlara disen bir gérevdir. Bunu basaramayan milletler disariya
gonderdikleri agir faturalar ile bogulup giderler.

Uret ki milletin kazansin , Yazin Bodrumda teknelerde 1 ay tatil yap-
ma hevesi ile Uretimden uzak sirket yetkilileri sizlere sesleniyorum.
Bu konuya acil ¢ézim bulmamiz gerekiyor. Hazir isi herkes yapar
, siz ki isinize ilk basladiniz gunleri hep disinin. Yénetim Kurulu
Baskanlari sizlere sesleniyorum. Yatirim icin nelerinizi ortaya koy-
dunuz. Siz ki iyi bir Gniversitede ODTU’de , iITU’ de , Bogaziginde
vb. okullarda okumak icin neler yaptiniz. Gece giindiiz sorulara
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bogulduk , hem okul hem dersanelerde gecemizi gundlzimuze
verdik. Ailemizin destegiyle bu Universiteleri bitirdik. Sonra yurtdi-
sina gitmeyi Master derecesi almay! diistinduntz. Amerika Avrupa
derken iyi bir MBA yapmis oldunuz. Sonrasi nemi oldu iyi disiinen
super beyinler iyi bir sirkete yonetici oldugunda tim Urettigi fikirleri
birakarak sirketlerin ana prensibi olan para kazandir ki para kazan
sistemi tim benligimize isledi. Litfen iyi disunup iyi kararlar alalim.
Hepimiz matematik hesabint iyi biliriz. Bu tlkeye Enerji Sektérinin
maliyeti 50 milyar dolar ve 2010 tahmini bitce acigr 50 milyar dolar
bagka séze gerek yok. Oteleme ile bu is olmaz. Giin gelir hesap
bize geri déner, ileride cocuklarimiza yansimayacagini kim bilebi-
lir. Uretmeyip sadece verimliligi desteklemek olmaz. Devlet olarak
% 100 yerli Uretimi destekleyen projeleri bir an énce hayata gegir-
memiz gerekiyor ge¢ olmadan.

Yarin ¢cok geg olabilir.

Saygilarimla

o
PROCEEDINGS BOOK riE
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GUNES HAVUZUNDA GUNES ISIGININ TEORIK
OLARAK DEPOLANMASININ INCELENMESI

Seving MANTAR
Cukurova Universitesi Fen Bilimleri
Enstitlist Fizik Anabilim Dali

Ozet

Glnes havuzlarn 1.5-3 m arasinda degisen derinliklerde tuziu su
havuzlaridir. Gines havuzlan (¢ bélgeden olusmaktadir. Bun-
lar; Ust konvektif, konveksiyonsuz ve alt konvektif bélgelerdir.
Glnes Havuzunda glines enerjisinin depolanmasi icin gelen
gtines isini agilarinin bilinmesi énemlidir. Bu amacgla, (SGHS)
Cukurova Universitesinde, Adana da 1,6 m capinda ve 2,0 m
derinliginde bir silindirik glines havuzu sistemi insa edilmistir.
Glnes havuzuna giren giines isinlarinin, gines havuzunda her
tabaka da meydana gelen kirilma acilarini belirlemek amaciy-
la bir teorik calisma yapilmistir. Elde edilen sonuglarina gére,
havuza giren gtines isiginin tst bélge icin kirilma ac¢i degerleri
sirasiyla Qi: 30°, 45°, 60° ve Qk:13.3°,19.6°, 24.3°. Yalitimli
bélge icin Qi: 13.3°, 19.6°, 24.3° ve Qk: 9.02°, 13.22°, 16.24°
olarak bulunmustur.

Anahtar Kelimeler: Glines Enerjisi, Glines Havuzlari, Enerji de-
polamasi, Yenilenebilir Enerji Kaynaklari.

Abstract

Solar ponds are an artificially constructed in which about 1.5-3
m depth contains salt water ponds. Solar ponds are genarally
comprise of three distinct regions. These are upper convective,
non convective and bottom convective zones. To Solar energy
storage in a solar pond is important to know angle of the in-
coming solar radiation. In this study, a cylindrical solar pond
system (CSPS) with a radius of 1.6 m and a depth of 2.0 m was
built in Cukurova University in Adana, Turkey. The Solar ponds
entering of sun light that occurs in each layer to determine the
refraction angles is a theoretical study. According to the analysis
results, into stored of solar radiation, for upper convection zone
entering light and angle of refraction values respectively Q. 30°,
45°, 60° and Q,: 13.3°, 19.6°, 24.3°. For non convection zone
entering light and angle of refraction values respectively found
Qi: 13.3° 19.6° 24.3° and Q,: 9.02°, 13.22°, 16.24°.

Keywords: Solar Energy, Solar Ponds, Energy Storage, Rene-
wable Energy Resources,
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Giris

Artan nifus ve gelisen sanayinin enerji gereksinimleri kisith
enerji kaynaklariyla karsilanamamaktadir. Ayrica, dinyada artan
nufuzdan ve sanayilesmeden kaynaklanan enerji gereksiniminden
dolay1, enerji Uretimi ve tUketimi arasindaki acik giderek artmak-
tadir. Bu nedenle ihtiyaci karsilamak icin cesitli enerji kaynaklari
kullaniimaktadir. Bu enerji kaynaklar iki ayr tire ayriimaktadir.
Bunlar; Birincil enerji kaynaklar ve turetilmis enerji kaynaklaridir.
Birincil enerji kaynaklarindan birincisi, kémdr, petrol, dogal gaz
gibi fosil yakitlar ve nikleer enerjidir. Yani, yenilenemeyen enerji
kaynaklardir. ikincisi ise, su, jeotermal, biokutle, rlizgar ve glines
enerjisi gibi yenilenebilir ve temiz enerji kaynaklaridir. Turetilmis
enerji kaynaklari ise, birincil enerji kaynaklari kullanilarak tiketime
hazir hale getirilmis olan elektrik ve 1s1 enerjisi gibi kaynaklardir.

Dinyamizda enerii ihtiyaci her yil yaklasik olarak %4-5 oraninda
artmaktadir. Buna karsilik bu ihtiyaci karsilamakta olan fosil yakit
rezervi ise ¢ok daha hizl bir sekilde tiikenmektedir. Ayrica Fosil ya-
kitlar igindeki karbon havadaki oksijen ile birleserek CO, veya CO
gazlar ortaya ¢cikmaktadir. Yine yakit icerisinde eser miktarda bu-
lunan kursun, kikdrt gibi elementler yanma sicakliginda oksijen ile
birleserek insan sagligi agisindan énemli tehdit olusturan bilesikler
(SOx, PbO, NOx) olusturmaktadir ve bunlarda diinyaya sera etkisi
yapmaktadir. Bu etki sonucunda kuresel iIsinma meydana gelmek-
tedir.
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Sekil 1. Glnesten gelen giines isinlarinin diinya yiizeyinde yansimalari
(The Met Office; Hadley Center for Climate Prediction and Research)
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Gunesten gelen toplam isinlarin % 46’sI atmosfer tarafindan %
23’0 de bulutlar tarafindan sogurulur, %23’Unl de bulutlar geri
yansitir ve %4’lik bir bdlim ise yer ylizeyinden geri yansimakta-
dir. Dunyaya gelen isinlarin ancak %24’lik bir bélumu yerytiziine
ulasir ve gezegenimizi isitir. Isinan yeryuzi uzun dalga boyun-
da olan enerijiyi geriye atmosfere yayar. Sera gazlari (su buhari,
karbon dioksit ve metan) yeryliziinden atmosfere geri yayilan
isinlari sogurup tekrar atmosfere salarak sicakligin ylikselmesi-
ne sebep olurlar. Aslinda sera etkisi dogal bir slire¢ olup geze-
genin sicakhgmin korunmasi igin gereklidir. Ancak sanayi dev-
rimi ile birlikte tarimsal ve endustriyel faaliyetlerdeki hizlanma,
kémur ve petrol gibi fosil yakitlarinin fazlaca tiketilmesi ve sera
gazlari icin alici ortam olan ormanlarin tahrip edilmeye baslan-
masiyla bu gazlarinin atmosferdeki konsantrasyonlari zamanla
artmistir ve artmaya da devam etmektedir. Ginimuzde artik fosil
yakitlar yerine kaynak sorunu olmayan, tikenmeyen ve cevreye
zarar vermeyen alternatif enerji kaynaklarini kullanmak zorunda-
yiz. Bunlar; glines, riizgar, hidrojen, biokutle, jeotermal, dalga
ve hidrolik enerjidir. Bu alternatif kaynaklarin en énemlilerinden
biri olan glines, kirletmeyen, tikenmeyen, en temiz ve sonsuz
bir enerji kaynagidir. Glines enerjisi, glinesten gelen ve hicbir
isletme masrafi olmayan bedava bir enerji kaynagidir. Glines ha-
vuzlari, giines enerjisinin dogrudan toplanip, yine ayni ortamda
depolandigi basit bir glines enerjisi uygulamasidir. Havuzdaki
1Isinin dagilimi suya eklenen tuz konsantrasyonu ile dizenlenir,
tuz konsantrasyonu en Ustten alta dogru artar. Bdylece en ust-
te soguk su ylzeyi bulunsa bile havuzun alt kisminda doymus
tuz konsantrasyonu bulunan bdélgede sicaklik yiksek olur. Ha-
vuzda olusan tuz yogunluk gradyenti depolama bélgesi ile ylzey
arasinda konveksiyonla 1si iletimini énler ve bdylece depolama
bélgesinde kaynama noktasina yaklasan sicakliklara ulagilabilir.
Gulnes havuzlarinin uzun sireli enerji depolama 6zellikleri ol-
masindan dolayl, yaz aylarinda depolanan enerjiyi kis aylarina
kadar saklayabilme &zellikleri vardir. Bu da giines havuzlarinin
6nemini ve kullanigliigini arttinr (Tabor, 1981). Havuz Ulzerine
gelen glnes enerjisinin yaklasik olarak %16’s1 yansima yoluyla,
%21’i yuzeyden havaya konveksiyon ile, %22’si havuzdan suyun
buharlasmasiyla, %31’i gékylziine yaydigi uzun dalga boylu rad-
yasyon ile, %3,7’si alt konveksiyonlu bélgeden yere olan isi akisi
ile kaybolur. Isinimin sadece %6,4’U havuzda depolanir. Bunun
disinda sadece AKB (depolama bdlgesi) icinde depolanan glines
enerjisinin bir kismi kullanilabilir enerji olarak havuzdan alinabilir
(Subhakar ve Murthy,1993).

Materyal Ve Metod

Bu calismada, Cukurova Universitesi Uzay Bilimleri ve Gines
Enerjisi Arastirma ve Uygulama Merkezi (UZAYMER)'de insa
edilen ve gines enerjisi ile ¢alisabilen yalitimli silindirik model
bir giines havuzu (SMGH) kullaniimistir. SMGH yerden 130 cm
yuksekte ve metal bir kaide Uzerine yerlestiriimistir. SMGH’ un
capi 160 cm, derinligi 2 m ve dis kisminin (dis duvarlar) 10 cm
kalinliginda cam yunu (izocam) yalitimli bir model glines havuzu
kullaniimasi planlanmigstir ve glines havuzu Ulzerine gelen glnes
isinlarinin havuzun her tabakasinda kiriimasi hesaplanmistir.
Boéylece havuzda depolanan enerji miktarina gére de ¢esitli mo-
deller gelistiriimeye calisiimistir.
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Sekil 2. Silindirik model glines havuzu (SMGH)'in dis ve i¢ gérinimd.

Gunes havuzunun ylzeyine ulasan gines i1sininin havuz iceri-
sinde izleyecegi yol Sekil 2’ de gosterilmistir. Sekil 2° de goril-
dugu gibi gunes 1s1ginin bir miktari havuzun ylzeyi tarafindan
yansitilir kalani havuzun Ust konvektif bélgesinden (UKB) yali-
tim boélgesine (YB) iletilir. Bir miktari UKB tarafindan sogurulur.
Yalitim bélgesine ulasan gines isininin baydk bir kismi depola-
ma bélgesine (DB) iletilir. Bir miktari YB tarafindan sogurulur cok
az bir miktari ise YB den UKB ye yansitilir. Giines havuzunun
ylzeyine gelen giines enerjisinin blaydk bir kismi DB 'ne ulasir
ve burada sogurularak depolanir. Cok az miktari havuzun tabani
tarafindan yansitilr.
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Gunes radyasyonunun havuz igerisinde sogurulmasi dalga boyuna
baghdir. Gunes radyasyonunun suyun farkli derinliklerindeki dagili-
mi yaklasgik olarak agsagidaki gibi verilmistir.

I_r= !S{]—Falexp(—u_\r) (1)
Burada x,
x = (x; -8 )sec 0, (2)

ile belirtiimistir. Snell Yasasina gére k acisi, asagidaki esitlikten
bulunur.

0, =sin”'(sin0, /1) @

Burada, |,
miktari; F;, ylizeyde sogurulan giines enerjisi kesridir ve ortalama
degeri yaklasik olarak 0.4 dir. p, etkin sogurma katsayisi; x, havuz-
daki yol uzunlugu; 8, F, faktori ile verilen ve glines radyasyonunun
uzun dalga béliminin soguruldugu ylzey tabaka kalinliidir ve
onerilen kalinlik yaklagik olarak 0.06 m dir. 8 yatay bir ylzeyden
yansiyan iginin ylzeyin normali ile yaptigi agisidir. 6, yatay bir yi-
zeye gelen iginin ylizeyin normali ile yaptigi agidir. n_tuzlu suyun
kiriima indisidir (Hawlader ve Brinkworth, 1981). Suyun kiriima in-
disi n_, = 1,33 tlr ve tuzlu su i¢in ayni de@er kabul edilebilir. Fakat
bu calismamizda havuz Gizerine gelen 1s1gin sadece kirilma agisina
bagli olarak depolanmadigi, bunun yaninda sicaklik ve yogunluga
bagl olaraktan kirilarak depolandigi varsayilarak bir teorik bir calis-
ma yapilmistir. Her bélgedeki yogunluklar dikkate alinarak ayri ayri
hesaplama yapilmistir. Asagidaki tablolarda depolama bdlgesine
ulasan isinlar hesaplanarak, her bir bdlgedeki kirllma miktarlari da
bulunmustur. Q, glineg’ten gelen giines I1giNin havuzun normali ile
yaptigi agisidir. Q_havuza giren giines 1sinin havuzda ki kiriima
acisidir. Ayrica sistem 3 ayri yogunluk ve sicaklik bélgesine sahip-
tir. T havuzun her bélgesindeki sicakligini ve p ise her bélgesindeki
ayri ayri yogunluklarini géstermektedir.

x derinligindeki i1s1n; Is, ylizeye dlsen i1sinin suya giren

T.p.n,sinB, =T.p,n, sinb, (4)

Tablo 1. Ust Konvektif Bélgeye Giren ve Kirilan Isin Degerleri

Q;: Havuza giren Gines 15191 (°) | Q,: Havuzda kirilan Gines

1$1g1 (°)
30 183
45 19.6
60 243

Tablo 2. Konveksiyonsuz Bolgeye Giren ve Kirilan Isin Degerleri

Qi: Havuza giren Giines 15131 (°) | Qk: Havuzda kirilan Glines

1191 (°)
13.3 9.02
19.6 13.22
243 16.24
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Sonuglar

Bu calismada, Adana ilinde bulunan gines havuzu igin, yatay
dizleme gelen glines 1sinim degerleri kullaniimistir. Havuza ge-
len 1s1gin sadece saf suyun meydana getirdigi kiriimasi géz éniine
alinmayip, ayrica tuzlu su icinde meydana gelen kiriima da disinu-
lerek yogunluk farkinin sicaklikla olan iliskisi de g6z énuine tutula-
rak teorik bir calisma yapilmistir. Her bélgeye ulasan glines isinlari
miktari ve buna bagh olarak kirinim miktari hesaplanmistir. Giines
Havuzuna 60° ile giren bir giines 1s1§1 ancak depolama bdlgesinde
16.24° ile ulasabilirligi hesaplanmistir. Boylece, glines havuzuna
giren 1s1g1n her bélgede ayri ayri kirilarak depolandigi bulunmustur.
Buda depoda bulunan su yogunlugunun ne kadar énemli oldugunu
ortaya koymaktadir. Sonug olarak depolama bdélgesinde meydana
gelecek istyl, glines i1sinimi hesabiyla 6nceden tahmin edilmeye
caligilacaktir.

Kaynaklar

[1] Liu, B.Y.H. and Jordan, R.C., The long-term average perfor-
mance of flat-plate solar energy collectors, Solar Energy, 7, 53,
1963.

[2] Bozdemir S. and Kayali R. (1983) Mathematical modelling of a
solar pond and comparison of experimental observations.Doga
Turk J. Phy. 7, 3, 387-397.

[3] Dinger, 1., Optimum tilt angle for solar collectors used in Cyprus,
Renewable Energy, 6, 7, 813-819,1995.

[4] Karakilgik, M., “Yahtimli Prototip Bir Glnes Havuzunun Perfor-
mansinin Saptanmas!”, Doktora Tezi, Gukurova Universitesi,
Adana, 1998.

[5] Karakilgik, M, Kiymag, K., and Dincer, I., (2006) Experimental
and Theoretical Temperature Distributions in a Solar Pond. In-
ternational Journal of Heat and Mass Transfer, 49, 5-6, 2006,
825-835.

[6] Bozkurt, 1., “Yalitimli ve Usti Kapali Silindirik model bir Glines
Havuzunun (SMGH) Performansinin incelenmesi”, Yiksek Li-
sans Tezi, Cukurova Universitesi, Adana, 2006.

[7]1Durmaz, A.F., EGik ylzeylere gelen giines isiniminin analizi ve
cam ylzeylerden gecen gines isiniminin tespiti, Yuksek Lisans
Tezi, Harran Universitesi, Fen Bilimleri Enstitiisti, Makine M-
hendisligi Anabilim Dali, Sanhurfa, 2007

[8] The Met Office; Hadley Center for Climate Prediction and Re-
search,
(http://www.metoffice.gov.uk/climatechange/science/)




BILDIRILER KIiTABI

PROCEEDINGS BOOK fuiue

A STUDY ON GLOBAL SOLAR RADIATION AND SUNSHINE DURATION
MEASURED DATA: A CASE STUDY FOR ISTANBUL

Saban PUSAT
Yildiz Technical University,
Mechanical Engineering Department

Abstract

In this study, we tried to analyze the ten years hourly measured
(raw) global horizontal solar radiation and sunshine duration
data, which was measured in the meteorological stations of DMI
from 1997 to 2006, in the meaning of accuracy and reliability. And
we tried to recover the needed parts of the data. We made the
comparisons with the national and international databases like
GEPA, PVGIS and NASA. Solar radiation and sunshine duration
measurements in Turkey are very unreliable and have deficien-
cies.

Keywords: Solar energy; Global solar radiation;, Sunshine dura-
tion; Istanbul; Turkey

1. Introduction

Renewable energy planning studies mostly based on the re-
source assessment. For wind-based renewable energy produc-
tion plants, the basic resource is the wind speed and for solar-
based renewable energy production plants, the basic resource is
the solar radiation. Solar energy which is source of the most en-
ergy resources used today is a promising one. There are many
technologies for solar energy applications such as solar thermal
system, photovoltaic, and passive solar design.

In solar energy studies, solar radiation and its components for a
specific location are the main necessities. The solar data should
be sufficient, reliable and contemporary. Solar energy data meas-
urement is a difficult process: measurement devices need to cali-
bration and maintenance continuously. Due to the difficulties in
radiation measurements, scientists are developed many math-
ematical models to estimate the solar energy data. Menges et al.
mentioned about the 50 mathematical models for radiation es-
timation [1]. Radiation can also be estimated by satellite images.

Turkey has a high potential on solar energy. The yearly average
solar radiation is about 4.18 kWh/(m?2.day), and the daily average
sunshine duration is about 7.50 h [2]. This potential is one of the
best of Europe. Authority (EIE - General Directorate of Electrical
Power Resources Survey and Development Administration) cal-
culates that Turkey can produce 380 GWh electricity per year on
4600 m? area which has a potential approximately of 4.52 kWh/
(m2.day).

Erdal BAGCI
Uzman Enerji — Renewable Energy and
Energy Efficiency Solutions

In this study, we tried to analyze the ten years hourly measured
(raw) global horizontal solar radiation and sunshine duration data,
which was measured in the meteorological stations of DMI from
1997 to 2006, in the meaning of accuracy and reliability. And we
tried to recover the needed parts of the data. We made the com-
parisons with the national and international databases like GEPA,
PVGIS and NASA. Solar radiation and sunshine duration meas-
urements in Turkey are very unreliable and have deficiencies. An
example of a raw dataset is given in Table 1.

Table 1: Example of a raw dataset

Horizontal

Year | Month | Day | Hour Gg):;;ﬁgrlf\r Dil::ﬁsgri‘n(eh)
(cal/cm2)

1997 10 3 1

1997 10 3 2

1997 10 3 3

1997 10 3 4

1997 10 3 B

1997 10 3 6

1997 10 3 7 1.8

1997 10 3 8 6

1997 10 3 9 12.6

1997 10 3 10 22.8 0.2

1997 10 3 11 34.8 9.9

1997 10 3 12 28.8

1997 10 3 13 44.4 0.5

1997 10 3 14 30.6 1

1997 10 3 15 25.8 0.9

1997 10 3 16 13.8 0.6

1997 10 3 17 24 0.1

1997 10 3 18 0.6

1997 10 3 19

1997 10 3 20

1997 10 3 21

1997 10 3 22

1997 10 3 23

1997 10 3 24
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2. Data Analysis Results And Comparisons
In this section, firstly we give the results of analysis of the global ra-
diation and sunshine duration raw data, and then we make the com-
parisons with other databases. In this study, the hourly measured
irradiation and sunshine duration data on horizontal surface between
1997 and 2006 of Istanbul are used to calculate the contemporary
average values. Basic data for this study are presented in Table 2.
The accuracy and calibration problems of the measurement devices

are not mentioned in this paper. A detailed study can be found in

Myers paper [3].

Global solar radiation on horizontal
surface and sunshine duration are
measured hourly in all the meteoro-
logical stations of State Meteorologi-
cal Affairs, known as DMI, in Turkey.
The unreliability of the measured
data is mentioned in many studies
[4-5-6-7-8]. Due to the difficulties of
measurements many mathematical
models are developed. These mod-
els are out of this paper’s concept.

2.1.Global Solar

Radiation

All the analyses are done with the
help of programs written in MatLab
Language. First of all raw data is fully
examined. Missing data numbers are
defined. Missing data are searched
between the sunrise and sunset
hours. Yearly sunrise and sunset
times can be seen in Figure 1.

Solar radiometry devices don’t have
a minimum radiation capacity or
threshold level that can be recorded.
Therefore it should record a value
after the sunrise and until the sunset
time. Missing data numbers between
sunrise and sunset hours are pre-
sented in Table 3.

The location of meteorological station
and instruments are very important
for solar radiometry. Any shadowing
obstacle can cause wrong measure-
ments. And also a lighting system

near the device can result in unnecessary measurement which is not

Figure 1: Daily sunrise and sunset times

Table 3. Total numbers of records as “0” between sunrise and sunset hours

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
JANUARY 37 64 60 39 39 39 41 53 33 41
FEBRUARY 21 85 36 25 27 24 28 28 23 21
MARCH 25 48 42 29 34 30 34 43 40 34
APRIL 27 38 39 28 25 31 31 34 29 22
MAY 42 29 12 18 18 29 29 34 11
JUNE 26 17 8 3 3 12 15 22
JULY 32 25 20 7 20 29 18 34 5
AUGUST 29 42 38 31 29 30 31 43 38 25
SEPTEMBER 7 31 25 17 10 22 21 28 37 8
OCTOBER 11 27 21 12 12 13 19 15 19 13
NOVEMBER 18 46 16 17 23 23 33 26 25 13
DECEMBER 37 82 36 38 47 31 65 33 36 48
TOTAL 230 518 384 276 | 274 | 284 373 365 370 243
Table 4. Total numbers of records out of sunrise and sunset hours

1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
JANUARY 7 4 4 14 11 13 8 14 0 13
FEBRUARY 20 21 18 30 28 27 26 29 27 31
MARCH 11 7 7 12 24 16 24 24 6 21
APRIL 8 10 10 12 13 10 21 22 14 13
MAY 17 9 11 13 28 26 33 23 16 21
JUNE 23 21 23 28 30 29 43 41 27 29
JULY 27 18 29 24 28 30 49 36 11 31
AUGUST 12 3 12 6 22 13 33 18 2 15
SEPTEMBER 22 11 16 18 30 19 30 29 3 18
OCTOBER 7 17 16 17 18 21 17 13 15
NOVEMBER 0 7 2 3 9 3 0 5 1
DECEMBER 0 0 3 1 1 1 0 0 0
TOTAL 163 111 154 178 | 235 211 292 253 124 208

radiation from the sun. The unnecessary measurement numbers can

be seen as monthly and yearly in Table 4.

Table 2: Basic information about meteorological station

T Average Average Total Average
City Station Elevation (m) | Latitude Longitude eratt?re (°C)e Wind Speed Radiation Sunshine
P (m/s) ® (cal/lcm?.day) , Duration (h) 2
Istanbul | Goztepe 33 40.97’'N 29.8’E 14.2 2.8 307 5.9

a: 1971-2000 period b: 1961-1996 period
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The rates of missing records are presented graphically in Figure 2.
The rate is calculated by dividing the yearly total missing hours and

lon
PROCEEDINGS BOOK ""H el

Table 6. Comparison of the results with other studies

Proc-
total hours between sunrise and sunset times. The highest rate is Il;a;N essed | gepaa | pvgisb | nasac | DMId
seen in 1998 as % 10.8 and lowest rate is seen in 1997 as % 4.9. ala | pata
1200 kWh/m2.day
x1 55 JANUARY 1.41 (142 |2.00 |1.67 1.45 |1.33
anoe /\ FEBRUARY |2.30 [228 |257 |2.3f1 2.01 1.99
o it \'\ MARCH 346 |3.46 |4.20 |3.49 3.11 | 3.05
: H'm / APRIL 446 |446 |528 |446 |429 |4.30
g MAY 590 |590 630 |591 |533 |534
w700
§ \J._ JUNE 6.50 |6.49 |6.79 |6.71 5.94 | 6.01
& g0
A ' JULY 6.50 |6.49 |6.79 |6.79 5.78 | 5.93
£ -
o AUGUST 5.38 | 538 |6.07 |5.93 529 |5.19
b SEPTEMBER | 4.34 |4.33 |5.09 |469 |423 |422
1997 1998 1959 2000 2001 23002 2003 2004 2005 2006
S OCTOBER | 288 |288 |374 |299 275 |267
Figure 2. Yearly rate of missing data NOVEMBER | 1.76 | 1.77 2.37 1.88 1.68 1.65
DECEMBER | 1.23 | 1.24 1.80 1.39 1.22 1.17
We, firstly, correct the data out of the sunrise and sunset times by a: Solar Energy Potential Atlas [2]
just changing the data to zero which aren’t zero. Secondly, miss- b: Photovoltaic Geographical Information System [9]
. . . L c: NASA Langley Atmospheric Science Data Center [10
ing data between sunrise and sunset times is filled by the long term d: DMI long tgrr:(1971-§000 period) averages ol
monthly-hourly data. Our modifications don’t make much change on
the averages (Table 5). The highest change is % 0.93.
& .00 —
- T
Table 5. Raw and Processed Data Results ~ e -~ %
2 600 4 o S
Raw Data Gl Change 2 ’ WO
Data . iy, \
E 500 | 7 N
cal/cm?.day (%) 8 / 2300 \ A
JANUARY 121.49 122.51 0.83 2 400 ;'J » == v B Y
FEBRUARY 197.79 196.21 -0.81 2 ;_.“'/ — -+ nasa \ N\
¥ 300 4 fed 2
MARCH 297.14 297.27 0.04 E AL = = = long_term Y
APRIL 383.76 383.64 -0.03 g 200 A ~— Rawdata s
= p -
MAY 507.17 507.05 -0.02 I Processed data ™
& ol
JUNE 559.15 557.61 -0.28 1 3 3 a4 % & T & 8 10 11 12
JULY 559.07 557.68 -0.25 Mt
AUGUST 462.86 462.71 -0.03 Figure 3. Comparison of the studies
SEPTEMBER 372.76 372.27 -0.13
OCTOBER 247.66 247.75 0.04
Processed data
NOVEMBER 151.49 152.05 0.36
24,00 Repa
DECEMBER 105.36 106.35 0.93 ' pugh

These results are 10 years’ data averages. Finally we compare our
results with other databases. Our basic database is DMI’s long term
averages. The most important reference study for us is the ‘Solar
Energy Potential Atlas’, known as GEPA, which is prepared just for
Turkey. It is contemporary and detailed. There are also two interna-
tional public databases: PVGIS and NASA. Results are presented in
Table 6 and Figure 3.

Differences between raw data and other studies are shown monthly
in Figure 4. Difference between GEPA and raw data is the largest
one. This shows the unreliability of the raw data and databases
clearly.
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Figure 4. Monthly differences between raw data and other studies
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2.2. Sunshine Duration

Firstly we worked on the raw data. Missing and wrong data num-
bers are obtained. Wrong data are seen as 9.9 in the dataset. Total
number of wrong records is 663. There is only one data which is af-
ter sunset. The missing data numbers again is calculated between
sunrise and sunset hours (Table 6).

The missing data numbers are seems too high. Sunshine dura-
tion measurement is different than solar radiation measurement.
There is a threshold for sunshine duration. World Meteorological
Organization defines the minimum measurement limit 120 W/m? di-
rect solar irradiance [11]. Therefore it is not possible to measure the
sunshine duration just after the sunrise. We have three analyses for
sunshine duration raw data. The first modification is changing the
wrong measurements with zero, the second one is correcting the
wrong hours with long term monthly-hourly averages, and the third
one is filling the non-measured hours between sunrise and sunset
times with long term monthly-hourly averages. The modification re-
sults are presented in Table 7.

The monthly change rate between raw data and processed data
are shown graphically in Figure 5. All the modifications show large

53,00 ‘
|'1 ————— Raw-Prol !
53,00 1\ '
\ Raw-Prol ¥
] |
5 4300 1 5 Raw-Pro3 ‘
g 33,00 e C i
s e /!
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Figure 5. Monthly change rates

Table 8. Sunshine duration data analysis results

g:g Prg(;?asied Processed | Processed

h) (h)? Data 1 (h)* | Data 1 (h)°

JANUARY 5.34 2.15 2.18 3.36
FEBRUARY 5.52 3.61 3.70 5.19
MARCH 7.08 4.88 5.00 6.79
APRIL 7.75 5.74 5.85 7.72
MAY 9.38 8.30 8.38 9.98
JUNE 10.59 10.00 10.05 11.21
JULY 11.17 11.05 11.06 11.62
AUGUST 10.02 9.38 9.44 10.31
SEPTEMBER 8.29 7.50 7.56 8.58
OCTOBER 6.74 5.14 5.23 6.66
NOVEMBER 6.14 3.20 3.29 4.59
DECEMBER 6.46 1.99 2.02 3.08
MEAN 7.87 6.08 6.15 7.42
a: Wrong data are changed with zero
b: Wrong data are changed with monthly-hourly average values
c: Non-measured hours between sunrise and sunset times are changed
with monthly-hourly average values
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Figure 6. Comparison of the results

— - - changes. To check whether they are sig-
Table 7. Missing records between sunrise and sunset times . .
nificant, we should compare them with
1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 other studies.
JANUARY 226 192 | 212 | 210 | 208 188 259 269 | 242 | 249
FEBRUARY | 146 | 140 | 162 | 149 | 153 | 95 | 215 | 168 | 191 | 179 | The highest change rate is seen in proc-
MARCH 251 | 258 | 177 | 172 | 170 | 220 | 174 | 175 | 198 | 220 | ©SSed data 1 as % 69.3 in December.
APRIL 271 186 136 | 206 165 218 230 202 184 195 There s not much difference between
modification 1 and 2. In March the differ-
MAY 229 | 257 117 128 120 117 81 129 197 122 ence is about % 1.7. The last modifica-
JUNE 168 | 75 | 119 | 92 | 65 | 78 38 | 112 | 104 | 68 | tjon’s change rate differs greatly with sea-
JULY 108 73 65 79 69 73 44 54 85 59 sons. It takes higher values in the winter.
AUGUST 178 | 103 | 118 | 111 136 126 88 160 | 102 | 104
SEPTEMBER | 122 | 101 | 87 | 111 | 74 | 123 | 110 | 75 | 127 | 121 | Finally, we compare our results with other
OCTOBER | 200 | 129 | 166 | 124 | 98 | 122 | 143 | 127 | 169 | 190 | Studies. For sunshine duration there are
just two studies. The first one is GEPA and
NOVEMBER 193 | 191 180 | 121 190 139 185 176 | 242 | 190 .
the other one is DMI long term averages.
DECEMBER 233 | 246 | 195 | 209 | 267 | 216 220 211 239 | 212 The comparison results are presented in
TOTAL 2325 | 1951 | 1734 | 1712 | 1715 | 1715 | 1787 | 1858 | 2080 | 1909 Table 8 and Figure 6.
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The difference rates between GEPA and other results are shown
graphically in Figure 7. The processed data 3 results shows great
difference from GEPA averages. They are mostly over the GEPA
results. This means that filling the missing hours between the sun-
rise and sunset hour’s results in overestimation. Our second modi-
fication seems the best choice which has the most approximate
results to GEPA. However it is still not good enough.

Table 9. Comparison of the results with other studies
= Proc- Proc-
essed | essed | GEPA
d(";‘]t)"" Data2 | Data3 | () |PMI()
(h) (h)
JANUARY 5.34 2.18 3.36 3.46 2.3
FEBRUARY 5.52 3.70 5.19 4.43 3.0
MARCH 7.08 5.00 6.79 5.32 4.3
APRIL 7.75 5.85 7.72 6.85 5.8
MAY 9.38 8.38 9.98 8.61 7.8
JUNE 10.59 10.05 11.21 10.51 9.7
JULY 11.17 11.06 11.62 11.17 10.3
AUGUST 10.02 9.44 10.31 10.14 9.4
SEPTEMBER 8.29 7.56 8.58 7.83 7.9
OCTOBER 6.74 5.23 6.66 5.22 5.1
NOVEMBER 6.14 3.29 4.59 3.85 3.3
DECEMBER 6.46 2.02 3.08 2.96 2.2
MEAN 7.87 6.15 7.42 6.70 5.93
40,00
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Figure 7. Difference rates between GEPA and other results

3. Conclusions And Recommendations

This study briefly says that there are no perfect measurements for
solar energy in Turkey. The results show that measurements can-
not be used directly for any analysis. They can include wrong and
missing data parts. The solar radiometry science has some devel-
opments to increase the measurement quality and reliability [12].
However, today radiometric devices aren’t much reliable. Therefore
researchers should notice the uncertainty level of measurements
and make the energy calculations concerning the inaccuracies.

PROCEEDINGS BOOK fuiue

The solar energy investments highly depend on the radiometric
measurements. For this kind of energy investments, which are so
expensive today, the feasibility studies should be done by profes-
sional persons. In this study we only used the data of DMI stations.
Investors should have their own measurement station at the best
location for the planned action. The measured data also should be
analyzed by specialists.
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COMPARISON OF MEASURED AND ESTIMATED SOLAR RADIATION DATA:
A CASE STUDY FOR ISTANBUL

Saban PUSAT
Yildiz Technical University, Mechanical
Engineering Department, Istanbul

Abstract

The main objective of this study is to review the horizontal global so-
lar radiation estimation models and compare the results with meas-
ured data and national database for Istanbul. The mathematical
models used are based on the sunshine duration data as common
in the world. For comparisons, the most common statistical meth-
ods (MBE, MPE and RMSE) are

Erdal BAGCI
Uzman Enerji — Renewable Energy and En-
ergy Efficiency Solutions, Istanbul

2. Data and Models

a) Data and Methods of Comparison

In this study, the hourly measured irradiation and sunshine duration
data on horizontal surface between 1997 and 2006 of Istanbul are
used to calculate the contemporary average values. Basic data of
the meteorological station are presented in Table 1.

used. We came up with the re-

Table 1. Basic information about meteorological station

sult that solar radiation and sun- Average
shine duration measurements in . Average Ave_r age Total Average
. . Elevation . . Wind L Sunshine
Turkey are very unreliable and City Station Latitude | Longitude | Tempera- Radiation .
y 4 (m) ture (°C)? Speed (calicm? Duration
inaccurate. (m/s) ® ’ (h)®
day) 2
Keywords: Solar energy; Glo- Istanbul | Goztepe 33 40.97’'N 29.8'E 14.2 2.8 307 5.9

a: 1971-2000 period

bal solar radiation; Sunshine b- 1961-1996 period

duration; Istanbul; Turkey

1. Introduction

In solar energy studies, solar radiation and its components for a
specific location are the main necessities. The solar data should be
sufficient, reliable and contemporary. Solar energy data measure-
ment is a difficult process: measurement devices need to calibration
and maintenance continuously. Due to the difficulties in radiation
measurements, scientists are developed many mathematical mod-
els to estimate the solar energy data. Menges et al. studied the 50
models [1] and Bakirci reviewed 60 models [2] for solar radiation
estimation. Radiation can also be estimated by satellite images.

Turkey has a high potential on solar energy. The yearly average so-
lar radiation is about 4.18 kWh/(m2.day), and the daily average sun-
shine duration is about 7.50 h [3]. This potential is one of the best
of Europe. Authority (EIE - General Directorate of Electrical Power
Resources Survey and Development Administration) calculates that
Turkey can produce 380 GWh electricity per year on 4600 m? area
which has a potential approximately of 4.52 kWh/(m?.day).

In this study, we tried to evaluate the twelve solar radiation esti-
mation models available in the literature for Istanbul. Models are
based on different regression methods that use the sunshine dura-
tion data. Two different solar radiation and sunshine duration data
are used for analysis: first one is ten years meteorological data
taken from State Meteorological Affairs, known as DMI in Turkey,
and second one is database of Solar Energy Potential Atlas, known
as GEPA in Turkey. Statistical methods are used for comparisons
of the results and selection of the best models.
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Monthly averages of two databases are presented in Table 2. As
seen from the Table, there are high differences between two data-
bases. These differences are not scope of this study and are exam-
ined in another study [4].

Table 2. Monthly average daily radiation and sunshine data
TYM @ GEPA"®
Horizontal Horizontal
global Sunshine global Sunshine
solar duration solar duration
radiation radiation
kWh/ h kWh/ h
m2.day m2.day
JANUARY 1,42 2,18 2,00 3,46
FEBRUARY 2,28 3,70 2,57 4,43
MARCH 3,46 5,00 4,20 5,32
APRIL 4,46 5,85 5,28 6,85
MAY 5,90 8,38 6,30 8,61
JUNE 6,49 10,05 6,79 10,51
JULY 6,49 11,06 6,79 11,17
AUGUST 5,38 9,44 6,07 10,14
SEPTEMBER 4,33 7,56 5,09 7,83
OCTOBER 2,88 5,23 3,74 5,22
NOVEMBER 1,77 3,29 2,37 3,85
DECEMBER 1,24 2,02 1,80 2,96
MEAN 3,84 6,15 4,42 6,70
a: Ten years database monthly average (TYM)
b: Solar energy potential atlas database (GEPA)
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The performances of the models were evaluated by the statisti-
cal error analysis methods: mean bias error (MBE), mean percent-
age error (MPE) and root mean square error (RMSE). These are
the most common statistical methods in solar radiation estimation
models comparisons [1, 5, 6, 7 and 8]. MBE, MPE and RMSE are
formulas are given below:

Hy o~Him

MBE = T, =

Him=Hic

MPE =T, —= x 100

RMSE =

where N is the total number of observations, H, _is the i, measured
value and H, is the i, calculated value.

b) Basics of Estimation Models

The simplest and most known model developed for estimation of
monthly average daily global solar radiation on horizontal surface
is the Angstrém-type regression model. After this model, dozens of
models developed on this base. Today, the basic model is based
on the fraction of the measured and clear day monthly average
sunshine hours at the location in question [9]:

% @

a+b=

=
where H is the monthly average daily global solar radiation, H is
the monthly average daily extraterrestrial solar radiation, S is the
monthly average daily bright sunshine hours, S is the monthly av-
erage day length, and a and b are empirical coefficients.

The monthly average extraterrestrial daily radiation on a horizontal
surface, HO, can be calculated by the following equation [9]:

Hy= %fﬂf[cusmmsd sin w,+$w,sinw5|=n rj'] (5)

where | is the solar constant (I, =1353 W/m?), f is the eccentric-
ity correction factor, ¢ is the latitude of the location, § is the solar
declination angle, ws is the mean monthly sunrise hour angle. The
eccentricity correction factor, solar declination and sunrise hour
angle can be computed by the following Equations (6)-(7)-(8), re-
spectively [9]:

f =1+0.033cos

350 D]
365

& = 23.45 sin [W]

w, = cos”'(—tan g tan §)

o
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where D is the number of the days of the year starting from the first
of January. The clear day monthly average daily sunshine duration
(the maximum possible sunshine duration) can be calculated by the
following equation:

-

)
c) Model 1
Bakirci proposed a linear exponential model for Istanbul [7]:

Hi = 0.,7380 + 1.5454 (10)

5 5
— —0.6294 exp—
-] S{I pso
d) Model 2
Bakirci also suggested the following exponential equation for Is-

tanbul [7]:

= 5 05283
o = 06726 (5—)
e) Model 3 (amn

Ulgen and Hepbasli proposed the following linear equation for An-
kara, Istanbul and |zmir [6]:

. . = (12)
—=02671+ 0.4?54_%

-]

f) Model 4
Ulgen and Hepbasli also suggested the following third order poly-
nomial equation for Ankara, Istanbul and Izmir [10]:

oo * 5 - L 5 E]
A =02854+0.25912 +06171(3) —04834(2) (19
g) Model 5

Tiris et al. obtained the following correlation from the experimental
data measured in Gebze, Kocaeli [11]:

L = (14)
= 0.2262 + D.*HBS‘,

h) Model 6
Yildiz and Oz proposed the following equation for Turkey [12]:

H _ 5 53°
e 0.2038 + 019335'5: - 0.3911 (}:) (15)
i) Model 7

Tasdemiroglu and Server developed the following correlation for
the six locations (Ankara, Antalya, Diyarbakir, Gebze, Izmir and
Samsun) in Turkey [13]:

H_ s £\
o = 0225+ 00142 +0.001 (s,)

(16)

i) Model 8
Akinoglu and Ecevit proposed the following equation for Turkey [14]:

H
w a7)
0

= 0.145 + u.aﬁi —0.280 (E':f):

k) Model 9
Kilic and Ozturk have determined the regression coefficients a and

165




. BILDIRILER KIiTABI
7}'%  “PROCEEDINGS BOOK

b as a function of the solar declination angle, latitude and elevation
(km) [15]:

H g -
a ot b ry (18a)
a=0103+0.017 2 + 0.198cos(w — §) (18b)
a=0.533 - 0.165cos(p— &) (18c)

1) Model 10
Glover and McCulloch suggested the following model that depends
on the latitude [16]:

2 = 0.29cos(p) +0.52= (19)
Hl'." SD

m) Model 11
Page proposed the following equation [17]:

H 5
—=0.23 + 048— 20
e 5 (20)
n) Model 12

Gopinathan has derived following correlation [18]:

= —0.309 + 0.539 cox @) —U.ﬂﬁ‘i.‘pf+ﬂ_"i’ﬂ_i-r1l_‘|:’— 1027 cos{@) +
A 5 (21)
L

0926 I = 0.359=) =
5 %

3. Results And Discussion
Twelve mathematical models have used for estimation of the
monthly average daily global solar radiation data. Validation of the
models has been performed by using the basic statistical methods
(MBE, MPE and RMSE). As mentioned in the previous section we
have used two different databases. So we have two different glo-
bal solar radiation and sunshine duration data. Therefore we have
made four different evaluations:
1. By using TYM sunshine duration data, we estimated the solar
radiation data and compare with
a. TYM solar radiation data,
b. GEPA solar radiation data.
2. By using GEPA sunshine duration data, we estimated the solar
radiation data and compared with
a. TYM solar radiation data,
b. GEPA solar radiation data.

According to the results, best models are defined as Model 10 for
1.a, Model 6 for 1.b, Model 1 for 2.a and again Model 1 for 2.b.
Results are presented in Figure 1 and Table 3.

This study briefly says that there are no perfect measurements for
solar energy. The results show that measurements cannot be used
directly for any analysis. They can include wrong and missing data
parts. The solar radiometry science has some developments to in-
crease the measurement quality and reliability [19]. However, today
radiometric devices aren’t reliable. Therefore researchers should
notice the uncertainty level of measurements and make the energy
calculations concerning the inaccuracies.
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Table 3. Comparison of the results

Be1s .tafor Be1s .tbfor fg'e;.ta Databases

and 2.b
M‘;ge' Model 6 M°1de' TYM | GEPA
kWh/m2.day
JANUARY 1.301 1.521 1.521 | 1.425 | 2.000
FEBRUARY 2.156 2.577 2.308 | 2.282 | 2.570
MARCH 3.258 3.892 3.314 | 3.457 | 4.200
APRIL 4.155 4.957 4459 | 4.462 | 5.280
MAY 5.820 6.788 5.770 | 5.897 | 6.300
JUNE 6.550 7.460 6.368 | 6.485 | 6.790
JULY 7.268 8.057 6.737 | 6.486 | 6.790
AUGUST ‘ 5.981 6.771 5.815 | 5.381 | 6.070
SEPTEMBER ‘ 4.288 4.963 4.234 | 4.330 | 5.090
OCTOBER ‘ 2.841 3.377 2.801 | 2.881 | 3.740
NOVEMBER 1.734 2.070 1.822 | 1.768 | 2.370
DECEMBER 1.212 1.412 1.338 1.237 1.800
MEAN 3.880 4.487 3.874 | 3.841 4.417
: Best for 1.a
8 s  Beitforlb .

1 Best for 2.0and 2.8

= = = TM

GEFA

Global solar radiathon (KWh/m? day)

1 2 3 4 5 6 7 B 9 10 11 12
Maonth

Figure 1. Comparisons of the results

The solar energy investments highly depend on the radiometric
measurements. For this kind of energy investments, which are
so expensive today, the feasibility studies should be done by pro-
fessional persons. In this study we used the measured data from
DMI station and GEPA database. Investors should have their own
measurement station at the best location for the planned action,
and the measured data also should be analyzed by specialists.
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YENILENEBILIR ENERJi KAYNAKLARI VE ELEKTRiGi DEPOLAMAK

Sevki DUKKANCILAR

Ozet

Diinya enerji cesitlerinden, fosil enerji kaynaklari, biinyelerinde
potansiyel enerji barindirirlar. Depolanmis bu enerji kaynaklari,
istenen miktarlarda kullanima alinarak enerji dretilebilmektedir. Bu
potansiyel enerjilerin statik durumdan dinamik duruma gecirilmesi
ile; ikincil, tgdncul enerji tirlerine cevrilmesi sonrasi blylik kapa-
sitelerde yeniden depolanmalari oldukca zordur. Yani; 1s1 enetjisi,
basing enerjisi, elektrik enerjisi, yenilenebilir enerjiler, vb. enerji
tiplerini depolamanin yapisal olarak zor oldugu bilinmektedir.

Bu nedenlere ek olarak asagidaki olumsuzluklari da siralayabiliriz:

1. Diinya iklim dengesinin bozuluyor olmasi,
2. Fosil enerji kaynaklarinin bitecek olmasi,

3. Yenilenebilir enerji kaynaklarinin depolanamaz olmasi,
4. Enerji tretim ve tlketimlerindeki denge zorluklari,

5. Hizla niifusu aratan didinyanin, enerji talebi,

Dinyanin artan enerji talebine karsilik, yakin gelecekte enerji
arzinda ciddi olumsuz gelismeler ve problemler olacadi beklen-
melidir.Bu gdrtsler i1siginda, enerji sorununa ¢ozim ise, sireklilik
saglayacak fikirlerin degerlendirilmesidir. Bunlardan biri de, giines
ve rlizgar potansiyel sistemlerinin ¢cevriminden faydalanilarak, de-
polanabilir hidrolik potansiyel olusturmaktir. HES- SOLAR- RES

cevrimli enerji sistemleri kurmaktir.

Bilindigi Uzere, diinyanin yakin gelecegi icin enerji problemi giin-
demdedir. Bilimsel aciklamalara gére, fosil enerji kaynaklarinin re-
zervleri 40-50 yil sonra, bitme seviyelerine gelecegi seklinde ifade
edilmektedir. Bu nedenle de fosil enerjilere sahip Ulkeler Uizerine,
soguk ve sicak savaslar yapiimaktadir. Glglu Ulkelerin birbirlerine
glvensiz politikalar gelistirmeleri sonucu; diinyada tuketilen enerji
toplaminin yaklasik %80’ini karsilayan fosil enerji kaynaklarinin

boélgeleri ve yollari tutuimaya ¢alisiimaktadir.

Gelecekte yasanabilecek enerji problemlerinden en énemli Gi¢lini

asagidaki gibi ifade edebiliriz:

1. Dunya yasami i¢in tehlike olusturacak iklim ve doga degisiminin
sebeplerini 6nlenmesi ve bdylece canlilarin geleceginin gliven-

ce altina alinmasi.

2.insanlarin ve tiim canli yasamin ihtiyaglari olan; elzem ihtiyaglar
ve enerji kullanimina bagli olan diger teknolojik ihtiyaclarin tu-

mune gerekli enerjinin saglanmasi.

3. Enerji piyasalarindaki mevcut ticari yapilanmalar ve istihdam-
larin, deg@isen yenilenebilir enerji sistemlerine ydnlendirilmesi,
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hali hazirdaki ticari sistemi koruyarak, yeni ekonomik yapilarin
olusumunun saglanabilmesi.

Bu pencereden baktigimizda; konu ile ugrasan uzmanlar ve ulu-
sal cikarlarimizi suur edinmis kisi ve kurumlar, Turkiye'nin enerji
gelecegine ve ihtiyaclarina cevap bulabilmek ve dogru kararlari
vermek i¢in calismalar yapmaktadir.

Unutulmamalidir ki; 6zellikle elektrik enerjisinin yoklugu yasam igin
kabul edilemez duruma gelmistir. Bu nedenle; ge¢ kalinmadan ye-
nilenebilir enerji kaynaklarinin (son gelisme ve arastirmalari) 6zel
ve kamusal yatirimlarla yapilandiriimalari gerekir. Ulusal eneriji
stratejisi bakimindan kamusal payin dengeli tutulmasi gerekmek-
tedir.

Arastirmalar, Turkiye’nin 723 Twh’lik yenilenebilir enerji kaynak-
lar ile Avrupa’nin ikinci blyik glct oldugunu ifade etmektedir.
Bu kapasite; giines, rizgar, jeotermal, hidrolik, bio ve foto-voltaic
kaynaklarin toplamidir. Bu toplam icinde SOLAR enerjinin teorik
degeri 131 Twh’dir.

Avrupa’nin 3300 Twh/yil enerji tikettigi bilinmektedir. 2050 yil-
larina gelindiginde, Avrupa Ulkeleri enerji tiketiminin 4000 Twh/
yil olacagi tahmin edilmektedir. Bu enerji ihtiyacina karsilik, tim
Avrupa Ulkelerinde yenilenebilir enerjilerin Uretilebilir teorik kapasi-
tesi, 5780 Twh/yil oldugu hesaplanmistir. Bu ciddi, ancak daginik
kapasiteli yenilenebilir enerji kaynaklari akilci yaklagimlarla verimli
kullanilabilir. Ulkeler arasi retim ve tiiketim ortakliklari prensibi
enerji sorununa care olarak dusundlmelidir. [1]

Turkiye’'nin 2007 yilinda, yaklasik 40.000 Mw kurulu giicli ve 180
milyar Kwh/yil elektrik tiikettigi bilinmektedir. 723 Twh teorik yeni-
lenebilir enerji kapasitesinin % 5’lik kisminin gerceklestiriimesi ha-
linde, Turkiye icin ¢cok uzun yillar enerji sorunu ¢éziimus olacaktir.
Yenilenebilir enerji ihracati ile de ekonomik kazanclar da saglana-
caktir. Burada 6nemli olan dogru kararlar verilerek, yenilenebilir
enerji sistemlerinin, kalici ve verimli yapilarini kurmaktir.

Bilinmelidir ki; hayallerimiz, gerceklestirmek istedigimiz hedefleri-
mizin kaynagidir. Hedeflerimiz icin bu kaynagi bilimsel konularda
gelistirerek en verimli sekilde kullanabiliriz. Yenilenebilir enerjile-
rin, istenen seviyelerde kullanima alinabilmeleri icin cesitli olum-
suzluklar vardir. Bu olumsuzluklarin énemli olanlari asagidakiler
gibi siralayabiliriz:

» Surekli Gretim arzindan yoksun olmalari (doga sartlarina baglilik)
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¢ Ar-Ge galismalarinin devam ediyor olmasi, teknolojik gelismele-
re acik ve gelismekte olmalari

* Ekonomik deger olarak maliyetli yapilar olmalar

¢ Verimli yapilanmak zorunda olmalar

* Mevcut enerji fiyat dengelerinin yakalanmasindaki zorluklari

¢ Yapilanmalarinda, Ulkeler arasi ortakliklarin netlesmemis ve be-
lirrenmemis olmasi ve stratejik etkilerinin devam etmesi

Her Ulke icin, elektrigin ulusal ve yerel kaynaklardan Uretilmesi te-
mel amag olmalidir. Ancak; yenilenebilir enerjilerin tretimlerindeki
farkli zorluklar ve kesintili olmalari nedeni ile ortak paylasim sarttir.
Buna komsuluk aligverisi denilebilir.

Ulkeler arasi uzak noktalardan tasinan (nakil olan) elektrik enerijisi,
nakil sirasinda, direkt olarak verimini kaybeden enerjidir. Bu neden-
le; Sahra Coll, Kuzey Afrika gibi uzak sicak bdlgelerdeki SOLAR
enerjilerin Avrupa’ya nakli problem teskil etmektedir. Bilindigi tize-
re, Avrupa’nin ekvatora yakin ve bol gunes alan tlkeleri SOLAR
enerji kaynaklarinca daha zengindir. Yapilan arastirmalar ve veri-
lere gére, Ispanya 1278 Twh teorik kapasite ile Avrupa birincisi ve
Avrupa icin en 6nemli SOLAR elektrik kaynagidir. Ayni sekilde teo-
rik kapasitelere gore, ikinci SOLAR giice sahip Ulkeler ise, Portekiz
(142 Twh) ve Turkiye (131Twh) olarak hesaplanmistir. [1]

Bilindigi Uzere; HES santralleri, yenilenebilir enerji kaynaklari ol-
malarina ragmen, bdlgesel eko dengede yarattiklar olumsuzluklar
nedeniyle, yenilenebilir enerji kaynaklarindan giines, rizgar gibi
%100 dogaya zarar vermeyen enerji kaynagi degildirler.

SOLAR ve RES gibi yenilenebilir enerji turlerinin, hentiz enerji arzi
icin istenen kapasitelerde hayata geciriimemis oldugunu biliyoruz.
Yapilanma zorluklari dikkate alinarak bakildiginda, (genel diisiince
olarak) HES santrallerinde elektrik Gretimi sirasinda dogaya direk
olarak zarar verilmemektedir. Bu nedenle de, HES santralleri, elekt-
rik Uretimindeki tercihlerden en gercekgi kabul edilen yenilenebilir
enerji kaynak sistemleridir.

HES santrallerinin elektrik Gretimi icin tercih ediime nedenleri asa-

gida agiklanmistir:

¢ Fosil yakitlarin bitecek olmasi

¢ Doga kirliligini (hava emisyonunu) énlemesi, ¢evreci enerji sis-
temleri olmalari

* Devreye alma calismalari icin, teknolojik yapilanma ve isletme
tecrlibelerine sahip olunmasi

¢ En iyi depolanabilir potansiyel elekirik kaynagi olmasi

* igletme gideri agisindan distndldiigiinde, en disik maliyetli
(Kwh/TL) elektrik Uretim sekli olmasi

Yenilenebilir enerjilerin glines ve riizgar cesitleri, cok hizli ve degis-
ken olan doga olaylarina direkt baglidirlar. Depolanamadiklari i¢in
guvenli arz kaynaklari degildirler. Yakin gelecek icin mevcut yenile-
nebilir enerji sistemleri disinda yeni enerji kaynaklar gelistirilemez
ise, dinyanin enerji ihtiyaci igin, fosil enerjilerin bitimi ile hidrojen
enerjisi gibi enerji kaynaklarinin hayata geciriimesi beklenmelidir.
Dogaya zarar vermeyen, yenilenebilir enerji tlrleri, su an ve yakin
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gelecek icin, beklendigi gibi insanlarin ihtiyaglarina cevap verecek
teknolojik yapida degildirler. Ayrica, istenen kapasiteye ulasinca-
ya kadar zaman kazanmak sarttir. Zaman kazanmak, bu konu i¢in
6nemle vurgulamak istedigim noktadir. Zamani kazanmanin yolla-
rindan biri ise, kabul edilmis ve uygulamalari yapilan enerji verim-
liligi calismalaridir. Enerji verimliligi dncelikle, inanma ve toplumsal
bilinclenme ile kabul géren bir kavramdir ve tasarruf kiltarinl de
icine almaktadir. Verimlilikle tasarruf her konuda kazang getirmek-
tedirler. Enerjide verimlilik, bilimsel, teknik ¢calismalar sonucu enerji
kazanimi saglamak, bir nevi enerji kaynagi yaratmaktir. Enerji ve-
rimliligi konusu, siyasi ve idari karar mekanizmalari tarafindan kabul
edilmelidir. Enerji verimliligi, calismalari, yenilenebilir enerji tretim
politikalari icinde kabul edilmeli ve ¢alismalara hiz verilmelidir.

Eneriji verimliligi calismalari yapildiginda, sanildigindan ¢ok daha
fazla enerji kaynagdi saglanmaktadir. Konuya énem veren Ulkelerce
hedeflenmis enerji verimliligi kapasiteleri, bu tlkelerin yillik Gretim
artiglarina kaynak olabilmektedir. Artan enerji ihtiyaclarindan do-
gan ve yatirim gerektiren elektrik santrali yapilanmalarini ételeye-
bilmektedir. Enerji verimliligi ile kazanilan enerji kazancini yenile-
nebilir enerji “kaynag!” olarak da adlandirabiliriz.

Yenilenebilir enerji kaynaklarinin Uretilecegi alanlardan, transfor-
masyonu, nakilleri ve enterkonnekte sisteme katilimlari i¢in, ¢evre
ve yatirim sorunlari ¢ikaracagi bilinmektedir. Ancak daha énemli-
si, diisuk glcteki yenilenebilir enerji yatirmlari (evlerde, sitelerde
vb. 500 Kw gli¢ alti lisans mecburiyeti olmadan musaade edilen
yenilenebilir enerji kaynak yatirimlari) denetim ve isletim zorlukla-
ri yaratacaktir. Ve maalesef duslk glclerdeki yenilenebilir enerji
kaynaklarinin tretim yapamama hallerinde (giines ve riizgarin ol-
mamasi), ¢coktlklerinde (akll problemleri ve teknik arizalar vb.) ve
yenilenebilir diistik glclerin sisteme satigi icin pompalanmasi sira-
sinda (elektrik kirlikleri ortaya ¢ikmasi) ortaya ¢ikacak ciddi prob-
lemler nedeniyle, fosil yakitlardan elde edilen elektrige ihtiyac du-
yulacaktir ve enterkonnekte sistemden elektrik cekilmesine sebep
olunacaktir. Ayrica; giin icinde ve puant zamanlardaki, elektrigin
pik olarak ¢ekilme ihtiyaclarinda, fosil yakitlardan elde edilen elekt-
rik enerjilerine muhtag olunacaktir. Bu durumda ise, enterkonnekte
sistemde, elektrik arzinin hazir bulunmasi gerekecektir. Yani; du-
stk gucteki yenilenebilir enerjilerden elde edilen elektrik sistemleri-
nin problemleri, elektrik arz dengesini bozacak veya arz dengesinin
saglanmasini zorlastiracak, ulusal elektrigin kalitesi bozulacaktir.
Bu gorlslere gore, dusuk guglerdeki yenilenebilir elektrik retim
tesisleri, enterkonnekte sistemde enerji arzini hazir bulundurma
sartini gerektirecektir. Bunun sonucu olarak, verimli enerji arzi ol-
mayacak, enerji giderleri pahalilasacaktir. En azindan tahminler ve
yaklasimlar bu olumsuzluklari gdstermektedir.

Yukaridaki ifadelerden anlasilacagi gibi, yenilenebilir elektrik ener-
jilerinin depolanma zorluklari vardir. Buylk kapasiteli akulerin
Uretim zorluklari, mevcut teknolojilerle gerceklestirilme boyutlari,
ekonomik maliyetleri, kimyasal ¢cevre kirliligi gercekleri, elektrigi de-
polama kisirligi yaratacaktir. Béylece; konuya bilingsiz kesimlerce
¢6zUm olarak gériinen, akd ile elektrigin depolamasina ¢are olma-
yacag! kabul gérecektir.
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Onerim burada baglamaktadir ve amacim elektrigi hidrolik potan-
siyel olarak depolamaktir. Hepimizin bildigi bu duslince i¢in olmaz
demeden 6nce, olmasi ve handikaplari kaldirmak i¢in ne yapabiliriz
diye disinmemiz gerekmektedir.

Benim duslincem, bilinen HES pompalari prensibinin benzeridir.
Yani; HES santrallerindeki potansiyel enerjili sularin, santral jene-
ratérlerinde enerjisini birakip, baraj alt seviyelere dusimleri sonrasi,
birikim alt havzasinda toplanmalari ve bu sulara tekrar potansiyel
kazandiriimasi prensibidir. Prensip; giin icinde elektrik arzindaki
dengelemelerden faydalanilarak, gindiizleri glines ve riizgardan
(var ise) elde edilen yenilenebilir elektrik Gretimleri, geceleri de riiz-
gar (var ise) santrallerinden elde edilen elektrik tretimlerinin, direkt
olarak enterkonnekte sisteme aktariimasi ve fazla olan elektrik ile
ylksek debili amaca uygun pompalarla HES santral havzalarina
hidrolik potansiyel yaratiimasidir. Bu gériisin gerceklestiriimesi ile
cevrimsel su potansiyeli olusturulmasi ve hidrolik potansiyel olarak
elektrik enerji depolanmasidir.

Ayrica; eneriji tiketim talepleri cergevesinde, tretim ve dagitim den-
geleme hesaplari yapilarak, giindiiz SOLAR enerjiden elektrik Gre-
timi, rlzgarli havalarda riuzgar enerjisinden elektrik Gretimi ile elde
edilen elektrik, direk olarak enterkonnekte sisteme verilebilecektir.
Fazla elektrik enerjisi ise, pompalar vasitasiyla HES santrallerinin
Ust su havzalarina basilarak, hidrolik potansiyel toplanabilecektir.

Bu fikrin uygulanmasi ile, RES ve SOLAR enerji santralleri mevcut
HES santrallerinin yakinina kurulabilecek, bdylece bu yapilanma-
lar ekonomik ve verimli olacaktir. Riizgar ve giines gtiglerinin HES
santral bolgelerinde veya yakininda olmamasi halinde ise, glines
ve rlizgar haritalarina gére amaca uygun yerler belirlenip, suni ve
dusuk rezervli su havzalari yapilarak hidrolik potansiyeli yaratilabilir.
Bu hidrolik potansiyeller de, HES santralleri gibi elektrik Uretebilirler.
Boylece; suni HES santralleri vasitasiyla HES- RES- SOLAR elekt-
rik Uretim kardesligi saglanabilecektir.

Duinyada, ylksek guclerde glines ve ruzgar enerji santralleri kurul-
dugu bilinmektedir. Turkiye’nin toplam riizgar gicu, teorik 40.000
Mw’dir. Bu toplam guciin kazanilabilir kisminin ise 20.000 Mw ol-
dugu tahmin edilmektedir. Turkiye’de RES santralleri icin, ¢ok ciddi
buylk kapasiteli yatirim lisanslari talep edilmektedir (3000 Mw gibi).
Yiksek kapasitelerdeki rlizgar santralleri icin lisans bagvurular bu
dustincemin gerceklesmesini giiglendirmektedir. Ayni sekilde, SO-
LAR eneriji yatinmlari iin bilyiik kapasiteli santraller kurulabilir. Or-
negin; ABD’de 15.000 Mw gibi yiksek gucte riizgar santrali (bir bél-
ge icin) var oldugu bilinmektedir. Bu blyuk kapasiteli elektrik Gretim
gucleri, elektrik depolamak icin ciddi potansiyel olmaktadirlar.

Bu tr yatirnmlar, hem ulusal ¢ikarlara, hem de dinyanin iklim ve
doga denge cikarlarina uyum gostermektedir. Bu sebepten dolayi
da bu tur yatinmlara bilingli ve sagduyu ile yaklasilmasi doga ve
iklim dengesi icin faydali olacaktir.

Mevcut alt yapilardan faydalaniimadigi taktirde, RES ve SOLAR

kiiguk kapasiteli elektrik enerji santrallerinin tesis edilme zorluklari
yaninda ekonomik kayiplari olabilecektir. Ayrica, lokal ve daginik
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bélgelerde yapilanmis yenilenebilir enerji santrallerinde (Uretilen
elektrigin gereken nakil sartlarina getiriimesi, nakledilmesi (iletim,
dagitim) daginik yatinmilara ve kirliliklere sebep olacaktir.

Ozetle, yazinin ana fikrindeki yapilanmalar gerceklestiginde asag-

daki olumlu sonuclar alinabilecektir:

* Mevcut ve planlanan RES’lerin ve SOLAR eneriji Uretim santralle-
rinin lokal ve kugctk birimler halinde yapilmalarinin ve igletmeleri-
nin getirdigi zorluklar ortadan kalkacaktir. Mevcut HES santralleri
veya yapilacak suni HES santralleri ile, mevcut dagitim merkezle-
rinden direkt olarak Turkiye’'nin her yerine enterkonnekte sistemle
elektrik nakil olabilecektir. Bu tir projelerin hayata gecirilmesi,
devlet ve 6zel yapilanmalar ile dengelenebilecektir.

e Elektrik arzi igin depolanamayan elektrik giicii, SOLAR veya
RES’lerden elde edilen elekirik enerjileri ile hidrolik potansiyel
olarak depolanabilecektir.

 Onerideki yatinmlarin, makro ve maliyetli olarak gériinmesine
ragmen, daginik elektrik elde edilen sistemlerden ¢ok daha fazla
verimli ve daha az maliyetli olarak elekirik Uretimini saglayacagi
tahmin edilmektedir.

e DusUlk giglerde tesis edilmis SOLAR ve RES santrallerinin elekt-
rik nakil direkleri ve tel kirlilikleri enterkonnekte sistemde prob-
lemlere sebep olabilecektir. Ancak; bu dnerinin uygulanmasi ile
iletim hatlari ve transformasyon merkezlerine gerek kalmayacak,
bdylece cevresel kirlilikler azaltilacaktir.

» Oneriye gore; enterkonnekte sistemde esneklik saglanabilecek,
yenilenebilir enerjilerin kombinasyonlari yapilabilecek, ytksek
elektrik gliclerini akllerde depolama dustince yanhsligi ise orta-
dan kalkabilecektir. Oneri uygulandiginda, istenen elektrik tretim
guicu, hidrolik potansiyel olarak depolanabilecektir.

* Doga dengesi her yil degiskenlik goésterdiginden, yagislar aza-
labilmektedir. Bu olumsuzluk ise, HES santrallerinde uretilecek
elektrik gictine ve planlamalara olumsuz etki etmektedir. Bu 6ne-
ri ve goruslerde ifade edilenlerin gerceklesmesi ile HES santral-
lerinin su rezerv sikintisinda olumlu gelisme yakalanabilecektir.
Oneride ifade edildigi gibi; suni HES santrallerinde kayipsiz kabul
edilebilir su gevrimi saglanabilecektir. Mevcut HES santrallerinin
blyik su rezervleri ile ortaya ¢ikan ve olumsuzluk olarak kabul
edilen eko sistem degisiminin ve tarimsal ve tarihi topraklarin kay-
binin éniline gecilebilecektir.

* Bu oneri ve gorlsler 1siginda, suni HES santralleri yapilmasi ile,
toprak erozyonuna maruz kalmamis allivyonsuz kaliteli su gevri-
mi saglanacaktir. Onerinin amaci olan siirekli yenilenebilir elektrik
Uretimi, SOLAR santralleri + RES riizgar santralleri + HES sant-
ralleri kardesligi ile saglanmis olabilecektir.
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Sema 1: Projenin Sematik Olarak Gosterilisi
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Enerji arzinda denge saglayici, distk isletme giderli ve uzun va-
deli enerji Uretimi olacagr $ema 1’den anlasiimaktadir.

Yazida ifade edilen HES — RES — SOLAR enerji cevrimi ve ¢ok
yonli isletme sartlarinin zorluklar olarak ortaya ¢ikabilecek prob-
lemler ve yapilanma kararlarina etkili olacak konular ise asagidaki
maddelerde tahmin edildigi gibidir:

* Mevcut HES santrallerin yakininda SOLAR ve RES potansiyel-
lerinin ve tesis alanlarinin bulunmasi ile HES santralleri enteg-
rasyonunun saglanabilmesi

* SOLAR ve RES potansiyellerinin yogun bulundugu bélgelerde,
suni HES santralleri igin, aranan yukseklikteki su disuslne uy-
gun doga yapisinin bulunabilmesi

* Su tutacak yerel topografik yapi bulunabilmesi

« Uretilecek elektrik giicii igin, ekonomik hesaplamalara uygun
suni HES vyatirim fizibilitesinin, yatinm geri dénis dengesini
saglamis olabilmesi

Bu gibi gérugler projelerin gerceklesmesi icin gerekenler olarak
siralanabilir.

Summary

The most important topic indicated in the context is the endan-
gered global life because of the spoiled climate balance. First of
the main reasons of this unfortunate condition is the increase in
human population, the second one is the humankind being more
dependent on energy consuming technological structures and the
increase in the production volumes of energy consuming devi-
ces. Unfortunately all these negative effects will develop and inc-
rease. The third negative condition is the extinction of the fossil
fuels that meets the 80% of the world’s energy production and
yet, renewable energy resource capacities are not enough being
constituted that would replace the energy sources that ruin the
natural balance.

The most difficult one to be stopped from these negative conditi-
ons is the prevention of human population increase. Since it is not
a technical topic will not be included in our context.

The second condition; the need for energy consuming technolo-
gical structures and the increase in the needs and desires of the
mankind and the demand to develop, are known to be almost im-
possible to be reduced. Within the natural and unpreventable ‘life’
expectancy and circle, to stop the demands for energy consump-
tion is impossible and instead will increase and vary, in parallel
to human evolution. The most effective solution is to develop the
technologies where energy is being used efficiently, at the pro-
duction, conduction and consumption stages. In order to use the
energy in a productive and economical way, especially social awa-
reness and knowledge of society are the most important aspects.
As known the countries that considered the energy productivity,
have gained energy resources. With the gain from the resources
due to productivity studies in energy consumption, economical
gains have been achieved in the production, consumption and
conduction. Today the situation in the variety of energy sources
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is that, there is still some time needed, in order to use the rene-
wable energy sources in daily life. This time that is needed will be
gained with the non-consumed resources with productivity studies
in energy consumption. Thus, the need for possible new energy
production structures might be reduced and investments might be
prevented. In the energy production, conduction and consumption
stages and in the industry and transportation sectors, 30 to 50%
high potential gain is possible with productivity projects. Turkey,
which is polluting the atmosphere less, compared to the World’s
total production, 80% of the energy resources are fossil fuels. 88%
of this value is being imported. Strong political will and planning,
and with serious projects targeting 10 to 25% energy productivity
and saving, would decrease the import of fossil fuels, moreover
would maintain a gain reaching 5.000 to 10.000MW established
power. In this way, the damage given to nature from fossil fuel
resources might be reduced. When we extrapolate this approach
to the whole world, energy issue and negative climate effects
will decrease and time needed for the construction of renewable
energy production structures will be gained.

In the text, ‘storing the electricity’ approach is suggested. Rene-
wable energy sources have been adapted to the structures that
are known. With the electricity gained after transforming the re-
newable potential energy resources of wind and solar, hydro po-
tential will be gained. Therefore, the excess electricity produced in
the HPP (Hydroelectric Power Plant) will be stored with electricity
gained from wind and solar. High capacities of hydro potential will
be created in cycles, which might be used to produce electricity
whenever needed.

For the suggestion the premise is the collaboration of HPP — WPP
(Wind Power Plant) — SOLAR. There is a storage and transporta-
tion problem as electricity, in every renewable energy sources. To
prevent these problems, the idea of storage as hydro potential is
considerable.

As already known, in the last years the energy recycling logic in
HPP’s is carried with HPP pumps. In order to maintain the supply
and demand balance out of prime times, electricity production sho-
uld be flexible and has to be reduced. The idea is that, at the times
when there is excess electricity production, the water that has fal-
len down will be transferred upwards and gained hydro potential
with the pumps constructed near the HPP. In this approach even
tough there is a loss compared to the first electricity produced in
the HPP, unused electricity will still be recovered and saved as
hydro potential energy.

High capacities of solar energy collector structures have to be
constructed near present HPP production areas. Moreover artifi-
cial HPPs should be constructed together with solar energy power
plants. Artificial HPP’s will not need high capacity water reservoir
since water will be cycled continuously. One additional advantage
of the idea is that, like the way storing hydro potential in HPP’s, ex-
cess electricity from renewable energy sources will also be stored
with pumping the waters to the upper reservoir and will be used to
produce electricity whenever needed.
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This is the idea of electricity produced from the collaboration of
HPP — SOLAR — WPP potentials, which will be stored as hydro po-
tential. Since structures in this suggestion have macro dimensions,
there is a need for basic data and more than that financial support
and co-operations. As my private point of view, this suggestion
has been presented to you kindly as a probable solution to world’s
energy production problem.

Kaynaklar

e [ 1] Schreyer Dr. M., and Mez PD Dr. L., “ERENE European Com-
munity for Renewable Energy”, Avrupa Serisi Cilt 3, Heinrich-Boll-
Stifftung, 2008
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RUTHENIUM(Il) POLYPYRIDYL COMPLEXES AS SENSITIZERS IN DYE SENSITIZED
SOLAR CELLS

Solen KINAYYIGiT
TUBITAK Marmara Research Center
Energy Institute

Vast consumption of fossil fuels, parallel to the increase in
population and technological demand, contributes to the climate
change and pollution. Knowing that fossil fuel resources will not
last forever, the use of more renewable energy sources like solar
energy is needed to take the burden off the current dependency
on fossil fuels. Dye-sensitized solar cells, with their low cost, easy
manufacture, and mechanical robustness, may compete in the
future with conventional silicon based photovoltaic. But further
improvement is necessary to increase the overall efficiency.
This work summarizes current developments and investigates
necessary improvements in photosensitizers based on Ru(ll)
polypyridyl complexes for solar cell technologies.

Introduction

In a depleting world of fossil fuel resources, renewables are the
perspective for the future energy demand. Solar cells that directly
convert sunlight to electrical energy are promising devices to obtain
clean energy from the outmost renewable and abundant energy
source, the sun. Utilization of large-bandgap oxide semiconductors
such as TiO, for the absorption of solar light is an attractive and
economic way to convert solar light into electrical energy. Dye
sensitization of semiconductors has been a subject of research for
many years [1]. After Gratzel and his co-workers reported the use
of a Ru(ll) metal complex-based dye as a sensitizer to achieve
higher efficiency in a cell made of TiO, nanopatrticles, research on
dye sensitized solar cells (DSSCs) gained much more interest [2].
In this thin film dye sensitized solar cell, a monolayer of a cyano-
bridged trinuclear ruthenium complex, [Ru(bpy)2(CN),],Ru(bpy)
(CO0),),> synthesized by Amarelli et al. was attached to the
surface of nanocrystalline TiO, film successfully [3,4].

Ina DSSC, nanocrystalline TiO, is coated with a dye that is capable
of both absorbing the sunlight and sensitizing the semiconductor.
When the dye absorbs photons in the visible (VIS) region, electrons
are promoted to the excited state. The electrons are injected to
the conduction band of TiO, that is lower in energy relative to
the excited state of the sensitizer. They complete the circuit by
passing to the back electrode while the oxidized dye is reduced
to its original state at the counter electrode by the ion pair in the
electrolyte solution (Figure 1).

Dye sensitization has many advantages over the direct band-to-
band excitation in conventional p-n junction photovoltaic cells, made
from silicon etc. In conventional solar cells, the semiconductor has
two simultaneous functions; harvesting the incident sunlight and

Electralyte

Counter Electrode

Figure 1. Scheme of a dye-sensitized solar cell (DSSC).

conducting the charge carriers upon excitation. On the other hand,
in DSSCs, attached dyes on the surface are the absorbing species
rather than the semiconductor itself and the semiconductor/
sensitizer interface separates the light absorption and the charge
separation processes, preventing the electron-hole recombination
[5-8]. In addition, the use of dyes as photosensitizers renders
the use of expensive solid state components in the system.
Gratzel mentioned in his 2001 Nature article the advantages of
nanostructured DSSCs compared to other photovoltaic and
photoelectrochemical cells (Table 1) [2]. One drawback of DSSCs

Table 1. Performance of photovoltaic and photoelectrochemical
solar cells [2].
Efficiency (%)*
Type of Cell Y (%)* | Research ;nd Technology
eeds
Cell | Module
Crystalline Higher production yields, lowering
I 24 10-15
Silicon of cost and energy content
Multicrystalline Lower manufacturing cost and
- 18 9-12 .
silicon complexity
Lower production costs,
Amorphous X .
I 13 7 increase production volume and
silicon i
stability
Replace indium (too expensive
and limited supply), replace
Cullnsiz, i iz CdS window layer, scale up
production
Dye-sensitized Improve efficiency and high-
nanostructured 10-11 7 temperature stability, scale-up
materials production
Bipolar AlGaAs/Si
photoelectrochemical | 19-20 o Reduce material cost, scale up
cells
Organic Solar Cells 2-3 - Improve stability and efficiency
* Efficiency is defined as conversion efficiency from solar to electrochemical power
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is that their performance could not exceed above 11.1% in efficiency
compared to conventional solar cells. Therefore, development of
dye-sensitized solar cells that have efficient sunlight to electricity
conversions comparable to first and second generation photovoltaic
devices remains to be a challenge.

To be an efficient photosensitizer, a selected dye needs to
display strong absorption in the VIS region, high molar extinction
coefficient, stability in the ground and excited states, strong
adsorption onto the semiconductor surface and efficient electron
injection into the conduction band of the semiconductor. In an ideal
case, the sensitizer should absorb all the light below a wavelength
of about 920 nm in a solar cell converting AM 1.5 standard sunlight
to electricity. Increase of optical extinction coefficient of sensitizers
is desired not only for strong absorption of light but also to reduce
the transport losses in the nanoporous environment in the cell. In
addition, the sensitizer, once oxidized, needs to be regenerated
through a redox mediator couple to achieve the redox cycle and
avoid the electron recombination. Preventing the losses and using
more effective dyes as photosensitizers with the features mentioned
above allow the construction of thinner and more efficient DSSCs
in return [9].
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Figure 2. A detailed photo-initiated electron transfer cycle in the cell [2].

Transition metal complexes, in particular Ru(ll) polypyridyl
complexes with high light-to-electricity conversion efficiencies,
are promising compared to a variety of organic compounds
investigated as sensitizers [10-15]. Ru(ll) polypyridyl complexes
show intense metal to ligand charge transfer (MLCT) bands in the
visible (VIS) region that enable the promotion of charge injection
to the conduction band of wide band gap semiconductors such as
TiO,. These complexes have intense emission with relatively long
lifetime and high quantum yield, and a redox reactivity that can be
tuned easily [16,17]. While tuning the properties, it is also important
to maintain the lowest unoccupied molecular orbitals (LUMO)
and the highest occupied molecular orbitals (HOMO) at energy
levels where photo-induced electron transfer into the conduction
band of the wide band gap semiconductors, such as TiO,, SnO,
and ZnO, and the regeneration of the dye by the mediator that
usually contains 1,7I" couple take place effectively. Transition
metal complexes used as sensitizers have anchoring and ancillary
ligands. Anchoring ligands are chromophores that enable the
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adsorption of the complex to the semiconductor surface. In order
to be fully adsorbed to the oxide surface of the semiconductor,
the anchoring ligands should bear attachment groups such as a
carboxylate or a phosphonate. Modification of both anchoring and
the ancillary ligands helps tuning the energy of MLCT states in
these polypyridinyl d® metal complexes, which in return enables the
preparation of different compounds for solar cell applications.

Modification Of The Ligands On Ruthenium(li)
Polypyridine Metal Complexes

Ru(ll) is a d® system with D, octahedral symmetry and the polypyridine
ligands possess c-donor orbitals localized on the nitrogen atoms
and 7 donor and * acceptor orbitals mostly delocalized on aromatic
rings. In octahedral symmetry, the ground and low lying excited
states can be discussed in terms of d-orbitals of the metal ion and
the 7 and 7 orbitals of the ligand. d-orbitals of Ru(ll) consist of
stabilized ty and destabilized eg d-orbitals (Figure 3). Ground state
is t,,° in a strong field configuration. Promotion of an electron (t,,
electron) from a 7, metal orbital to the 7*_ligand orbitals give rise to
d—7* transitions labeled as MLCT excited states. Such transitions
have significant absorptions in the visible region of the spectrum.
Promotion of an electron from ,, (tzg) to oM* (eg) orbitals gives rise
to d—d transition or metal centered (MC) excited states whereas
the promotion of en electron from 7 to = * will give ligand-centered
(LC) excited states. For most of the Ru(ll) polypyridine complexes,
the lowest excited state is a 3MLCT which undergoes relatively slow
radiationless transitions and thus displays intense luminescence
emission with a long lifetime [16,17].
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Figure 3. Molecular orbital diagram of Ru(ll) polypyridine complexes where
polypyridine is a bidentate ligand [16,17].

In an aqueous solution at room temperature, a typical
[Ru(bpy),]?* (bpy; 2,2-bipyridine) has absorption bands at
A= 185 nm, 208 nm and 285 nm that are assigned as ligand
centered 7-7* transitions when compared to the free bpy ligand.
The absorption peaks at 323 nm and 345 nm are assigned
as d-d transitions. The intense absorption band at the visible
region (452 nm) is due to the metal-to-ligand charge transfer.
The luminescence from [RuL ]2 type complexes where L= bpy,
phen (phenanthroline) etc. at 77 K is of charge transfer type that
is spin-forbidden in character. The emission of Ru(bpy).2* is at
600 nm and at 579.9 nm at room temperature (298 K) and 77 K,
respectively [17].
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Figure 4 (a). Absorption and emission spectra of N3 dye, (b) ICPE curve of N3 dye [18].
Gratzel and his co-workers reported a very efficient photosensitizer, Scheme 1. (a) Structures of polypyridine ligands and
cis-[Ru(dcbpy),(NCS),] (dcbpy; bis(4,4-dicarboxylic acid-2,2-  (b) nonchromophoric ~ chelating ligands used in solar
bipyridine) that is more popularly known as N3 dye in 1993 (Figure  cell  studies (dcbpy:  4,4’-dicarboxy-2,2’-bipyridine;  dcpq:
4). Incident photon to current efficiency (IPCE) was about 80%  2-(2-(4-carboxypyridyl))-4-carboxyquinoline; dcbiq: 4,4’-dicarboxy-
and it was the best photosensitizing dye ever synthesized [18]. 2,2’-biquinoline; qdt: quinoxaline-2,3-dithiolate; ecda: ethyl-
Although it was an efficient dye, modifications were still needed  2-cyano-3,3-dimercaptoacrylate; bdt: 1,2-benzenedithiolate;
as it lacked absorption in the red region of the visible spectrum  tdt: 3,4-toluenedithiolate; phen: 1,10-phenanthroline; dcphen:
and had a relatively low molar extinction coefficient. Since then, 4,7-dicarboxy-1,10-phenanthroline;  mcphen: ~ 4-monocarboxy-
efforts have been made to improve the properties of the N3 dye by  1,10-phenanthroline; acac: acetylacetonate; Meac: 3-methyl-

substituting different ancillary ligands.

Nazeeruddin and Rochy achieved a solar to power conversion
efficiency of 10.4% with their compound of tri(cyanato)-2,2’,2”-
terpyridyl-4,4’,4”-tricarboxylate)Ru(ll), also called black dye, in
2001 [19]. The improvement made to the dye compared to N3 dye
was the extension of the absorption beyond 700 nm and high IPCE
achieved at lower energies. By introducing strong field ligands
such as terpyridines with cyano groups, the absorption spectra of
such complexes shifted red to lower energies (Table 2).
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2,4-pentadionate; dbmo: 1,3-diphenyl-1,3-propanedionate; tctpy:
4,4’ 4”-tricarboxy-2,2":6’,2”-terpyridine; tcfac: 1,1,1-trifluoropentane-
2,4-dionato; tfed: 1,1,1-trifluoroeicosane-2,4-dionato) [20].

Absorption properties of Ru(ll) polypyridine complexes can be
tuned to lower energy region by introducing ligands with low-
lying 7 molecular orbitals. Destabilization of the t, orbital of the
ruthenium metal center by a strong donor ligand will also raise
the highest occupied molecular orbital (HOMO) energy levels and
thus will tune the spectral response of the metal complex to more
near-infrared (NIR) region. Such electron donating ligands are
presented in Scheme 1. Cyclometallating ligands and sulfur-donor
bidentate ligands have strong electron donating abilities but their
Ru(ll) metal complexes do not exceed above 800 nm. In Table 3,
Ru(dcbpy),LL compounds where LL are dithiolates point out that
although these photosensitizers provide a wider coverage of the
solar spectrum, they are yet not efficient in terms of overall efficiency
nor IPCE. Changing the anchoring ligands from dcbpy to another
carboxylated diimine and distint positioning of the carboxylic group
will also change the spectroscopic properties of the sensitizer.
Ru(ll) terpyridyl complexes with strong donor ligands usually
present themselves as strong light harvesting compounds in near-
IR region compared to Ru(ll) bipyridyl complexes. However, there

Table 2. Absorption, emission, and electrochemical properties of Ru(ll) terpyridyl complexes [19].

Ru(ll) Complex* Ab(s:r:;lﬁ,a’: C"T':a" Ab(s;; ,r:)t',:r;x” E’“isjt";g’gm&; i Em's(:;r;:;;;;“e t E(R‘S’::;) * | B vs SCEcd
[Ru(H,tctpy)(NCS),] 625,556,429 344,330 950 18 +0.72V -1.10V
[Ru(H,tctpy)(NCS),] 620,542,413 342,329 900 18 +0.71V -1.40V
[Ru(Htctpy)(NCS),] 610,536,411 339,328 854 30 +0.66V -1.60V
[Ru(tctpy)(NCS),] 590,528,400 338,326 820 38 +0.50V -1.65V
[Ru(tpy)(NCS),] 570,532,386 318,280 812 45 +0.61V -1.50V
aMeasured in ethanol; sh=shoulder. ®Spectra obtained by exciting into the lowest MLCT band at 298 K. ¢V vs Ag/AgCl. ¢L=ligand. *tctpy=4,42,4”-tricarboxy-
2,2":6’,2”-terpyridine; tpy=2,2":6’,2”-terpyridine.
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is still room for improvement of Ru(ll) terpyridyl compounds as it
has relatively lower IPCE at shorter wavelengths due to their lower
molecular extinction coefficients and sometimes faces insufficient
free energies for electron injection from the excited-state of the
sensitizer to the conduction band of TiO,. Table 3 summarizes
some of the development in the design of Ru(ll) polypyridine
complexes as dye sensitizers in DSSCs.

Microwave Synthesis Of Ruthenium(ll) Polypyridyl
Metal Complexes

Since the first report of microwave-assisted synthesis of
[RuL,** compounds where L was 2,2-bipyridine, terpyridine,
phenanthroline and 4,4’-di-t-butyl-2,2’-bipyridine ligands, synthesis
of Ru(ll) polypyridyl complexes in microwave reactors has proven
to be very quick and effective [27]. The application of microwave-

assisted synthesis brings advantages compared to classical
synthetic methods. Superheating of solvents in pressurized closed
vessel reactions, maintaining the reaction temperature by varying
microwave power, rapid temperature quenching of the reaction
mixture through compressed air streams and last but not least
the existence of the hot-spots in the mixture are some of these
advantages. These features of microwave synthesis greatly lowers
the reaction times to minutes, even seconds, as opposed to hours
or days, increases the product yield with low or no side products at
all and eliminates many reaction steps [28].

Since microwave radiations in pressurized closed vessels may
destroy the carboxylic acid functionality, care must be taken during
the synthesis of the metal complexes with such anchoring ligands. It
is found out that ester moiety is not tolerant to microwave synthesis

Table 3. Absorption, luminescence and electrochemical properties of designed Ru(ll) polypyridyl complexes.

Ab A Emission SR

sorption Amax L. Yield. ® ER > o
Ru(ll) Complex* (nm) E(mﬁ)sgnzg;?%x Lifetime at“j 21’3 = (Vsuchr;/EJr) = f/iugggﬂ I%;)E Ref.
0,
(E/104 M-1 cm-1) T (ns) at 298
(%)

534(1.42), 2 553

396(1.40),
Ru(dcbpy),(NCS), 313(3.12) 50° 0.40 [18]

532¢c 718°

493 (1.45), 2
Ru(dcbpy),(CN), 365 (1.20), 702 166° 1.5 [18]

310 (3.90)

534 (0.96), *
Ru(dcbpy),Cl, 385 (1.01), 800d 0.074 [18]

309 (4.13)

530 (0.84), 2
Ru(dcbpy),Br, 382 (0.80), 800¢ 0.26 [18]

309 (2.30)

536 (0.68), *
Ru(dcbpy),l, 384 (0.66), 800¢ 0.15 [18]

310 (2.50)

500 (1.19), 2
Ru(dcbpy),(OH,), 365 (1.09), 800¢ 0.30 [18]

306 (4.90)
Ru(dcpq),(NCS), 586° 780° +0.86 -0.9 55 [21]
Ru(dcbiq),(NCS), 627° 873° +0.92 -0.6 5 [22]
Ru(dcbpy),(qdt) 517° 735 +0.84 -0.9 45 [23]
Ru(dcbpy),(ecda) 582° 770° +0.46 -1.14 30 [23]
Ru(dcbpy),(bdt) 662° +0.30 -1.16 7 [23]
Ru(dcbpy),(tdt) 670° +0.28 -1.18 [23]
Ru(dcbpy),(acac) 525° 733° +0.65 -1.12 52 [24]
Ru(dcbpy),(Meac) 532 P +0.63 -1.14 [24]
Ru(dcbpy),(dbmo) 517° 722 +0.74 -1.03 [24]
Ru(dcphen),(NCS), 522° 800° +0.84 -1.0 75 [25]
Ru(dcphen)(phen)(NCS), 485° 750° +0.89 -1.1 30 [25]
Ru(mcphen),(NCS), 500° 770° +0.76 -1.2 42 [25]
Ru(mcphen)(phen)(NCS), 493° 770° +0.70 -1.3 7 [25]
Ru(tctpy)(NCS), 610° 950° +0.66 -0.95 75 [26]
Ru(tctpy)(tfac)(NCS) 606 940 +0.70 -0.95 70 [20]
Ru(tctpy)(tfed)(NCS) 610 950 +0.70 -0.95 [20]
#Measured in C,H,OH. "Measured in EtOH:MeOH (9:1 v/v) ° in EtOH:MeOH (4:1) “Very weak and broad emission. °Calculated from E*(Ru*¥*?) = E(Ru**2)-E*%; E* values were
calculated from the crossing point of the emission and the absorption spectra. ' Measured in CH,CN. Measured in H,0 at pH=4.8. *For structures, see Scheme 1.
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Table 4. Comparison of open vessel microwave methods with the
conventional heating methods [31].
Complex y-wave Yield | Conventional Yield
P synthesis (%) synthesis (%)
Ru(DMS0),Cl, 180°C, 3min | 69 | DMSOveflux, |,
5 min
[Ru(p-cymene)CL], | 90°C, 15min | 65 Etr?H 2P 65
X . . Aqueous reflux,
cis-Ru(bpy),Cl, 110°C, 5 min 72 30 min 61
Ru(bpy),(dcbpy)] . . AcOH/H20
Cl,2H,0 90°C, 30 min | 93 | o, 5h o4
105°C and
115°C, 32 DF reflux, ~2
Ru(dcbpy),(NCS), min total, 69 | days, two-step 74
one-pot reac- reaction
tion
A fl
Na4[Ru(dcbpy),J6H,0 | 110°C, 60 min | 60 4?1“60”5 retws s
110°C, 15 min EtOH reflux, 1
[Ru(deeb),](PF,), + 60 min 18 week 15

conditions, typically in the presence of RuCl, and ethylene glycol
at a reaction temperature of 225 °C [29]. Solvent with a lower
boiling point as well as milder reaction conditions should eliminate
this problem. In open vessel microwave synthesis at atmospheric
pressure, refluxing the mixture in methanol/water is proven to
preserve the methyl ester moieties in a series of heteroleptic Ru(ll)
complexes bearing the 4,4’-dimethylester-2,2’-bipyridine ligand
[30]. Table 4 presents some of the microwave synthesis of dyes
and their precursors and their yields relative to the conventional
methods in literature.

Conclusion

Dye-sensitized solar cell presents itself as an emerging technology
for this new century. Since the first report of solar cell based on a
chemisorbed dye on nanoporous TiO, photoelectrode by O’'Regan
and Gratzel, the overall efficiency of DSSCs increased from the
initial 7.1% to over 10%. In addition, new synthetic techniques like
microwave synthesisemergedinthe searchofnovelphotosensitizers
with enhanced spectroscopic properties. Microwave assisted
chemistry is now a valuable tool and can likely be applied in the
combinatorial synthesis of Ru(ll) polypyridyl complexes as well as
other new organometallic dyes bearing sensitive functionalities.
With the improvement of stability and overall efficiencies as well
as the manufacturing techniques of these third generation solar
cells, commercial production by companies seeking clean energy
business will be soon available.
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GUNES ENERJISI iCiN BiR POLITIKA TASARIMI

Baris SANLI
Duinya Enerji Konseyi Tiirk Milli Komitesi Uyesi

Siileyman BOSCA
Enerji Hukuku Arastirma Enstitust

Ozet

Glines enerjisinin yenilenebilir bir kaynak olmasinin yaninda, bu
kaynagin nasil degerlendirilmesi gerektigi de cok énemlidir. Ozel-
likler elektrik tretim amacl gtines enerjisi teknolojilerinin kurumlar
arasi denge ve koordinasyon ile en hizl sekilde degerlendirilerek,
bu kaynagin tiketiciye en uygun ve Kaliteli sekilde sunulmasi
gerekmektedir. Bu makale de Tlirkiye 6zelinde tasarlanan ve ka-
rar vericilere sunulan bir mekanizma adim adim énerilecektir. Bu
mekanizma li¢c asamadan olusmaktadir:

1. Senelik kotalarin belirlenmesi
2. Bu kotalarin teknik degerlendirmesi
3. Krediyi garantileyenlere lisans veriimesi

Séz konusu sistem ile TEIAS projeksiyon raporlari esas alinarak,
tuketici faturalari tizerinde etkinin belirli bir oranda olacagi sekilde
bir senelik kota belirlenir ve EPDK tarafindan tamamen teknik Krit-
erler iizerinden kabuller alinir. Daha sonra bu teknik kriterler EIE
tarafindan siraya dizilir. EIE tarafindan iki liste olusturulur, asil ve
yedek listeler. Listeler (izerinden de lisanslama calismalari baglar.

1. Giris

Turkiye’'nin yenilenebilir enerji kaynaklarina énem verme gay-
retleri ve heyecani da en son giundeme gelen YEK taslagina da
yansimigtir. Séz konusu taslaklar, bir kanun metni oldugu igin
yapilmasi gerekenlerin detayindan cok cercevesini olusturan
maddeleri igerir. Bu sebeple ¢ergevenin yaratacagl heyecanin de-
taylarda kaybolmamasi gerekir. YEK taslaginin slphesiz en ¢ok
ilgi ceken tarafi, taslaktaki tesviklerdir. Fakat tesvik rakamlarinin
ne olacagindan cok, suUre¢ baslar baslamaz lisanslarin hizla
sonuglandiriimasi daha énemlidir. Bu sebeple asagida, bu konudaki
tartismalara yardimci olmak amaciyla bir tasarim sunulmaktadir.

Mekanizma

Tasarimin temelinde, glines lisanslama islemlerinin
sonuclandiriimasi i¢in, hangi kurumun, hangi surelerle, hangi
kriterlere gore islem tesis etmesi gerektigi Uzerinde durulmustur.
Mekanizmanin temel mantigi iki prensip Gzerine kuruludur:

1. Tesviklerin tuketici fiyatlari Gzerindeki etkisini sinirlamak
2. Yatinmcilara daha tahmin edilebilir bir siire¢ sunabilmek.

Yiicel YAMAN
Enerji Uzmanlari Dernegi

Mekanizmanin baglangic noktasi, her sene TEIAS tarafindan
hazirlanarak EPDK tarafindan onaylanan kapasite projeksiyon
raporudur. TEIAS'In rolii projeksiyon raporunda belirledigi tiretim
ve talep rakamlarini géz éniinu alarak, tuketici fiyatlarindaki etkisi
%1 (veya belirlenen bagska bir rakam) olacak sekilde énimuzdeki
10 veya 20 yil tesvik verilebilecek kapasiteyi belirlemektir.

Kota (<%1)

TEIAS Kapasite
Projeksiyon raporu
uzerinden maliyet hesabi

Tesvik

Her Sene Her 5 Sene

Coklu Basvurular igin:

Ihale ile siralama

1. Katki pay

2.Verimlilik EERK

-Formiilasyon Gizerinden siralama

(Lisans yBnetmeligi itk halindeki gibi)

i
I
|
I
I
I
I
I
'
I
: - Mali yeterlilik (%15-%20 Ozsermaye)
|
I
|
I
|
I
|
I
|
I
|

Kota kapsamindaki
donem igin (2011-2012)
de devreye girecek

ASIL LISTE
l VedeI Liste
EIE 1
Teknik degerlendirme, eleme > | Onay
ASIL LISTE'nin onaylanmas!
e —————— Uygun Bulma/On Lisans
(180 giin siire)
- Kredi ve CED/Arazi
= Finansmanin garanti

edilmesi
kredinin alinmasi/kaynak
gosterilmesi)

Panel siparisi

Sekil 1. Glnes yatinmlarinin degerlendiriimesi igin éneri semasi

Bu kapasite rakami her sene tekrar tekrar belirlenebilecegi gibi
her 5 senede bir de belirlenebilecektir. Bu rakamlarin hesabinda,
mevcut Turkiye toptan elektrik satis fiyati ve bunun enflasyon tah-
mini ile gelecege tasinmis hali, glines panellerinin gelecek tarihler-
deki fiyatlar kullanilabilecektir.
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Tim bunlarin sonucunda TEIAS, mesela 2013 yilinda devreye
girmek Gzere 1000 MW glnes kapasitesine tesvik verilebilecegini
ve bunun kWh’ine de 10 veya 20 sene i¢in verilecek rakami belirler
ve bu verileri hesaplama yéntemi ile EPDK’ya sunar.

EPDK

EPDK lisans iglemlerinin temel sorumlusu oldugundan tasarimin
tam ortasinda yer almaktadir. EPDK kapasite ve tesvikleri
yayinlar ve bu rakamlar igin basvurulari 1 sene sonra agacagini
ve basvurma imkanlarinin belirli bir siire igin (6r. 3 ay veya sene
boyunca) agik kalacagini belirterek bagvurular alir. Oregin:

“2013 yilinda devreye girmek tzere kWh’i 26 eurocent'ten 1000
MW’lik glines enerjisi kapasitesi icin Aralik 2010-Kasim 2011 arasi
basvuruda bulunulmasi ilan edilir’

seklinde bir aciklama Uzerine teklifler toplanabilir. Tekliflerde
ayrica yatirimcidan asagidaki bilgiler de istenir:

6ay- 1 senelik 6lcim
8-10 yillik uydu verisi
Teknoloji

Verimlilik

Arazi durumu, koordinatlar

Tdm bu veriler Uzerinden bir hesaplama yapilarak, kWh basina
ihale yapilmadan bir siralama yapilir. Coklu basvurular igin ise ihale
yoénteminin de géz énunde bulundurulabilecegi distunltlmektedir.
Ama kWh basina katki payli bir ihalenin maliyetleri ve belirsizlikleri
arttirma ihtimali g6z énlinde bulundurulmalidir.

Bu politika tasariminda, EPDK lisansin verilmesi noktasina kadar
tum belgelerin tamamlanmasini, lisans verilmesi i¢in son kosul
olarak yatirnmin finansmanini garanti eden banka kredisinin belge-
lerini talep eder.

Sonug¢

Gunes enerjisi konusundaki tartismalardaki temel sorunun
tesvikten gok mekanizmanin oldugu distinilmektedir. Onceki say-
fada sunulan tasarim ile bu mekanizma konusundaki dusinculer
bir araya getirilmistir. Sonunda amaglanan, yatirimciyi hazirligina
gobre degerlendirerek, magdur etmeyecek ve éngorilebilir bir nakit
akisini da garanti etmektir.

Summary

In Turkey, most of the recent debate about solar power is about
Feed-in-Tariffs. However, a generous tariff without a clear mecha-
nism may be an inhibitor for investments due to chaotic crowding-in
effect. In this article, a proposal for a possible mechanism has been
designed with specific goals. The role for the institutions has been
discussed. As a result the whole process has been presented.
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GUNES ENERUJISi POTANSIYELi BELIRLEME OLCUMLERI

Taner YILDIRIM
TUBITAK Marmara Aragtirma Merkezi, Enerji Enstitiisi

Seref Naci ENGIN
TUBITAK Marmara Arastirma Merkezi, Enerji Enstitlist

Ozet

Glines enerjisi atmosfer disinda sabit olmasina karsin yerytiziine
gelen miktar birgok farkli parametreye baglidir. Giinesten gelen
enerji miktari, saat, giin, ay, yil, on yil ve asir mertebesinde zama-
na bagl degiskenlik gdsterebilmektedir. Bunun yaninda bulutluluk,
cevre kirliligi ve nem orani gibi bélgesel faktérlerle de degiskenlik
sergileyebilmektedir.

Glnes enerjisi sistem kurulumlari icin bu amaca yénelik uygun
ekipmanlar ile élctimler alinmali ve enerji Uretimine ydnelik ana-
lizler yapilmalidir. Bu analizler sonucunda kurulacak bir glines
enerjisi sisteminin enerji ¢iktisi oldukgca dogru bir sekilde hesap-
lanabilmektedir.

Enerji tretim analizinin olabildigince hatasiz yapilabilmesi igin, dog-
rudan 1sinim, yayinik 1sinim, kiiresel i1sinim, cevre sicakligi, rizgar
hizi, riizgar yénd, bagil nem, acik hava basinci gibi degerlerin en
cok saatlik araliklarla, en az bir yil siire ile 6l¢tiimesi gerekmektedir.

Oleiim icin kurulan sistemler, diger 6lciim sistemlerinin yaninda
monokristal, polikristal ve birkag cesit ince film panel érnekleri icer-
digi takdirde bolgedeki 1sinim yapisindaki en uygun PV panel tipi
de belirlenebilmektedir. Bu panel dizileri hem sabit acida hem de
glines izler sistemler (zerinde olmak lzere iki adet yerlestirilerek
bélgedeki en iyi sabit acili panel performansi ve izleyicili sistem
performansi net bir sekilde tespit edilebilmektedir.

Bu yayinda TUBITAK Marmara Arastirma Merkezi Enerji Enstitiisti
tarafindan kurulacak olan Giines Enerjisi Potansiyeli Olgiim Istas-
yonlari, kullanilacak donanim, elde edilecek veriler ve verilerin de-
gerlendirilmesi konusunda bilgi verilecektir.

Anahtar kelimeler: Glnes enerjisi, Glines potansiyeli belirleme,
Fotovoltaik

1. Giris

Bu yayinda, glnes enerjisi potansiyeli belirlenmesinde kullanilan
donanim ve ydntemler hakkinda ve TUBITAK Marmara Arastirma
Merkezi Enerji Enstitlsu tarafindan kurulacak olan Giines Enerjisi
Potansiyeli Olgiim istasyonlari, kullanilacak donanim, elde edilecek
veriler ve verilerin degerlendiriimesi konusunda bilgi verilecektir.

2. Donanim
Belirli bir bdlgeye gelen glnes enerjisi miktari ve gelen enerjinin
cevrim verimi bircok meteorolojik degiskene baglidir. Bu nedenle

Mehmet Ali CIMEN
TUBITAK Marmara Arastirma Merkezi, Eneriji Enstitiisii

Mustafa TIRIS
TUBITAK Marmara Arastirma Merkezi, Eneriji Enstitiisii

sadece yuizeye dlsen glines enerjisi miktarinin belirlenmesi o bél-
geden elde edilecek kullanilabilir enerji miktarinin belirlenmesi icin
yeterli degildir. Kesin olarak bélge sartlarinin belirlenmesi icin dog-
rudan 1sinim, yayinik iginim, kiresel isinim, cevre sicakligi, riz-
gar hizi, rizgar yon, badil nem, acik hava basinci gibi degerlerin
bilinmesi gerekmektedir. Bu parametrelerin élcimu icin kullanilan
donanim asagida irdelenmistir.

2.1. Piranometre

Piranometre kullanilarak alinan glnes enerjisi dlgtimleri sonug
olarak metrekareye dusen kiresel glines enerjisi miktarini ver-
mektedir. Sekil 1°de bir piranometrenin i¢ yapisi gorilmektedir.
Genellikle piranometre algilama elemani olarak isil enerjiyi elekt-
rik enerjisine ¢eviren termopil algiclar kullaniimaktadir. Bu algiglar
glines enerjisini sogurarak 1sinir ve sicakligi ile orantili bir gerilim
Uretir. Sogurmay1 artirmak amaciyla termopil algiglar siyaha bo-
yanirlar veya siyah bir malzemeyle kaplanirlar. Dis ve i¢c cam ka-
pak ise 300 — 5000 nm dalga boyu arasinda olan glines isinimini
filtrelemek ve 2800 nm’den uzun dalga boylu i1sinlarin gegmesini
engellemek amaciyla kullanilir.

Piranometrelerin birgok tipi Uretimektedir. Buyuk c¢ogunludu cesitli
araliklarda érneksel ¢ikis vermektedir. Bu drneksel cikislar genellik-
ler mV mertebesinde olmakta ve érneksel/sayisal dénustiriculere bir
yukseltecden gegirilerek baglanmaktadir. Modern piranometrelerin bir
kismi bu ylkseltecleri cihaz icinde gdmuli vermeye baglamistir.

Dis cam kapak

A ic cam cam kapak
Isil direng —.
Dizenleme

elemani

. Algilama elemani

~— Alt cerceve

Kurutma kabi

Sekil 1. CM11 Piranometre i¢ yapisi

2.2. Pirhelyometre

Pirhelyometreler dogrudan gelen giines enerjisi miktarini élgen
cihazlardir. Calismalari igin glines takip sistemleri gerekmektedir.
Pirhelyometre 6lcum degerleri 6zellikle sadece dogrudan glnes
isinimlarini kullanabilen odakli sistemler icin énemlidir. Sekil 2'de
izleme sistemi izerinde bir pirhelyometre gérilmektedir.
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Sekil 2. Pirhelyometre

2.3. Golgelenmis Piranometre

Golgelenmis piranometre aslinda standart bir piranometre kulla-
nilarak yapilmis bir dizenektir. Glines izleme sistemi ile birlikte
calisan bir bant veya topuz surekli olarak piranometrenin alici kis-
mi ile glines arasinda kalarak dogrudan gines isinlarinin algica
ulasmasini engeller. Bdylece algica sadece yayinik gines isinlari
ulasir. Sekil_3.’te 6rnek bir gdlgeli piranometre sistemi gériilmekte-
dir. Yayinik isinim élgtimleri 6zellikle kullanilacak sistem segiminde
6nemlidir. Yayinik isinimin miktari, bélgede dizlemsel toplaclar ile
odakli sistemler veya kristalli silisyum fotovoltaik modiiller ile ince
film fotovoltaik moduiller arasinda yapilacak tercihte belirleyicidir.

Sekil 3. Gélgelenmis piranometre

2.4. Riizgar Olgiim Sensérleri

Ruzgar élcumleri rizgar hizi ve riizgar yéninu icermektedir. Her iki
Slcum icin ayr algi¢ kullanilabilecedi gibi birlesik algiclarda kullani-
labilir. Rizgar verisi hem PV panellerde sogutma hem de termal sis-
temlerde konveksiyonla isi kaybi bakimindan énemli oldugu igin bi-
linmesi gereklidir. Ayni zamanda genis alan kaplayan giines enerjisi
sistemlerinin lzerindeki rlizgar yukunin tespiti icinde énemlidir. Cok
yuksek rlizgar hizlarinda guines izleyen sistemler paneller Uzerinde
en az riizgar yukunu olusturacak sekilde déndurilebilmektedir. Bu
islem icin de riizgar yéniinlin bilinmesi gerekmektedir.

2.5. Sicaklik Sensorii

PV sistemlerin verimleri sicaklikla ciddi oranda degisiklik gdster-
mektedir. Gunes 1siniminin ¢ok iyi oldugu ¢él gibi bélgelerde or-
tak sicakligindan dolay! PV sistemler tercih sebebi olmayabilir. Bu
nedenle Gunes enerjisi sistemlerinin degerlendiriimesi acisindan
sicakligin mutlaka bilinmesi gerekmektedir. Sicaklik dlcimu algi-
cin dogrudan glines 1sinimlarindan etkilenmemesi icin radyasyon

kalkant icinde alinmahdir.

2.6. Acik Hava Basinci ve Bagil Nem sensorii

Acik hava basinci ve nem senséri hava yogunlugunun hesapla-
nabilmesi agisindan 6nemlidir. Hava yogunlugu atmosfer icinde
sogurulan giines enerjisi miktarini etkilediginden ytizeye gelen gu-
nes enerjisi miktar yogunluk ile degisiklik géstermektedir. Ayrica
yogunlastirmali sistemlerde yogunlastirma verimi havadaki nem

oraniyla ciddi oranda degismektedir.
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2.7. Farkh Teknolojilerden panel gruplari

Herhangi bir bdlgedeki gunes isinimi karakteristigine gére kul-
lanilacak panel teknolojisinin uzun dénem verimleri degiskenlik
gostermektedir. Ornegin dogrudan isinim siresinin uzun oldugu
boélgelerde kristal silikonlu PV moddller daha ylksek verim verir-
ken, yayinik 1sinim siresinin belli bir degerin Uzerine ¢ikmasi du-
rumunda ince film PV panellerin yillik verimleri daha iyi olmaktadir.
Alinacak tim verilerin analizi sonucunda hangi panelin bélge icin
daha iyi olacagi hesaplanabilecek olmasina ragmen en dogru se-
¢cim bolgeye yerlestirilecek farkli panellerinin tretim degerlerinin
incelenmesi sonucu yapilacaktir. Bu nedenle meteorolojik élclim-
ler yaninda kurulacak farkli teknolojilerle tretilmis PV panellerden
olusan bir panel dizisi yerlestirip bu panellerin yil boyunca maksi-
mum gl¢ noktalarinin izlenmesi PV yatirmlari igin en dogru ter-
cih olacaktir. Bir yil boyunca alinacak isinim siddeti 6lctmleri ile
panellerin Gretim verilerinin karsilastiriimasi ile bélge genel 1sinim
karakteristiginde farkli panellerden alinabilecek verimlere iligkin
uzun dénem 6éngdrimleri kolaylikla yapilabilir.

3. Verilerin Degerlendirilmesi

Tum algiglardan dakikada bir alinan veriler saat basi ortalama ali-
narak standart sapmalari ile birlikte kaydedilir. Kaydedilen veriler
kullanilan veri toplama cihazinin yapisina gére cihaza bilgisayar
baglantisi yapilarak ya da cihaza uzaktan erisilerek alinabilir. Veriler
uluslararasi bir format olan TMY (Typical Meteorological Year Data)
formatinda saklanir. Veri degerlendiriimesinde kullanilan birgok yazi-
lim bu formatta gelen verileri kullanabilme &zelligine sahiptir. Veriler
glines enerjisi sistemleri i¢in hazirlanmis yazilimlarda degerlendirile-
bilecegi gibi konuda uzman kisiler tarafindan da yorumlanabilir.

Verilerin dogru analizi ilk yatirnm maliyetleri cok yiksek olan glines
enerjisi sistemleri agisindan énemlidir. isletme maliyetleri oldukca
dusuk olan PV enerji Uretim tesislerinde temel maliyeti ilk yatirnm
maliyetleri olusturmaktadir. Bu nedenle tum teknolojiler eldeki ve-
rilerle modellenmeli ve yatirm émru icerisinde tim giderler géz
Oénunde bulundurularak en etkin ¢6zum bulunmahdir.

lyi hazirlanmis bir fizibilite raporu enerji yatinmlarini saglayan fi-
nans kuruluslarinin degerlendirme kriterlerini icermelidir. Raporlar
hem yatirimci igin yol gésterici hem de finans kuruluslari agisindan
tatmin edici olmahdir.

4. Enerji Enstitiisii Ornek istasyonu

Giines enerijisi sistemlerinin fizibilite caligmalari igin TUBITAK
MAM Enerji Enstitist’'nde érnek bir 6lciim istasyonu kurulmakta-
dir. Istasyon kiresel 1sinim algici, radyasyon kalkanl sicaklik algi-
cl, panel sicakligi algici riizgar hizi algici, rizgar yénu algici, bagil
nem algici ve acik hava basinci algici yer almaktadir. Goélgeli pi-
ranometre ve pirhelyometre sisteme dahil edilmemis olup direk ve
yayinik 1sinim verileri, piranometreden alinan veriler ve bulutluluk
oranlari bir modele yerlestirilerek elde edilecektir.

Meteorolojik 6lgim donanimina ek olarak Monokristal, Polikristal,
Amorf silisyum, Tandem, CIS ve Cd-Te olmak Uzere alti panelden
olusan, biri en iyi sabit acida, digeri giines izleyici sistem Uzerinde
olmak Uzere iki grup panel tesis edilmektedir. Sabit paneller Gebze
bélgesi icin en iyi yillik verimi saglayacak acida monte edilmektedir.
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izleyici sistem olarak Enerji Enstitiisirnde gelistirilen Giinebakan
Sistemi kullaniimaktadir. istasyon sayesinde bélge icin yillik gi-
neslenme verileri, farkli teknolojilerde panellerin bélge guneslenme
karakteristigine olan tepkisi ve bu panellerde izleme sistemi kulla-
nildigr durumda saglanabilecek verim artisini gézlemek mimkin
olacaktir. Test panelleri, gelistirilen 6zel bir veri toplama sistemi
sayesinde surekli olarak en yuksek gii¢c noktasinda tutulacak bdy-
lelikle yuk eksikligi veya aku dolulugundan kaynakli eksik veri alim-
larinin éniine gegilecektir.

5. Sonu¢

Gilnes ve rizgar gibi meteorolojik bagimhligr olan enerji kaynak-
larinin kullanimina yénelik tesislerin kurulumunda potansiyel belir-
leme calismalari son derece dnemlidir. Ozellikle halen gelismekte
olan gunes-elektrik ¢evrim teknolojilerinin ilk yatinm maliyetleri
diger enerji Uretim tekniklerine gore yiksek kalmaktadir. Henuiz Gl-
kemizde gunes enerjisi teknolojilerinin yerli Gireticisi olmamasindan
dolayi bu teknolojiye yapilacak yatirimlar bir stire daha yurtdisina
kaynak aktarimina sebep olacaktir. Tim bu sebepler géz éniine
alindiginda yatinmlari yénlendirecek olan potansiyel belirleme &l-
cumlerinin ve veri analizlerinin 6nemi agikga ortaya ¢ikmaktadir.
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Solar Resource Assessment

Abstract

In spite of solar power density is constant outside of the atmosphere,
it is bounded with a lot of factor on surface of the earth. Energy
coming from the sun changes hourly, daily, monthly, decennially and
centenary. Additionally, environmental factors like cloudiness, air
pollution, humidity etc. changes solar power density at earth surface.

For solar power plants, meteorological data assessment should be
done with correct equipment and data should be analyzed carefully.
Outcome of these analysis, energy output of a solar power plant
can be calculated with high accuracy.

For correct energy output calculation, global irradiation, direct
irradiation, diffuse irradiation, temperature, wind speed and
direction, relative humidity, barometric pressure parameters should
be known with one hour interval.

In addition to the meteorological measurement equipments, a panel
array including different type of panels like monocrystal, polycrystal,
thin film etc. could be placed to determine the best technology for

lon
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optimum energy production at that region’s conditions. And also a
panel array on a sun tracking system can be used to determine the
efficiency increase with tracking system.

In this paper, general information will be given about solar resource
assessment and equipments, measurement station in TUBITAK,
Marmara Research Center, Energy Institute, data types and
analysis of the data.
Solar Solar  resource

Keywords: assessment,

Photovoltaics

energy,
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ULUSLARARASI TICARET CERCEVESINDE GUNES ENERJISI
TEKNOLOJILERIi, ONEMLi ULKELER ve TURKIYE’NIN DURUMU

Tugrul GORGUN
ihracati Gelistirme Merkezi-IGEME

Ozet

YE kaynaklari arasinda ise en hizli gelisen ve bliyliyen alan gi-
nes enerjisi teknolojileridir. Stirekli gelisen teknolojileri ve dlistis
gdsteren maliyetleri sayesinde gelecegin en énemli enerji kaynak-
larindan biri olacaktir. Bu alanda ABD, Cin, Japonya, Almanya,
Fransa, Ispanya ve ltalya bliyiik yatinmlar yapmakta, énemli Ar-Ge
ve satin alma tegvikleri vererek bir sanayinin kurulmasini ve tekno-
lojinin sdirekli yenilenmesini saglamaktadirlar. Devlet desteklerine
paralel olarak sirketlerin de YE kaynaklari kullanmaya yénelik artan
yatinmlari orta ve uzun vadede enerji tretiminde ve kullaniminda
paradigma degisikligi gerekliligi yéniindeki egilimin énemli bir gés-

tergesidir.

Tukenen bir kaynak olan hidrokarbon yakitlarda meydana gelen
ekonomi-politik kaynakl fiyat artislari ve klresel ¢evre sorunlari
Yenilenebilir Enerjilerin (YE) kullanimini strdUrGlebilirlik prensibi
cercevesinde glindeme oturtmustur. Basta Batili gelismis Ulkeler
olmak lzere, Ulkeler YE kullanimina ve bu alanda gelistirilecek tek-

nolojilere cok blylk 6nem vermektedirler.

Gunimuzde tum YE kaynaklari enerji talebinin % 2,5’lik bélumi-
nG karsilamaktadir. Uluslararasi Enerji Ajansi 2015 yilinda YE
kaynaklarinin toplam talebin % 3,3’Unu karsilamasini éngérmek-
tedir. Uluslararasi Enerji Ajans’’nin projeksiyonuna goére 2001-
2030 yillarr arasindaki dénemde YE kaynaklarina 10 trilyon do-
larlik YE kaynaklari arasinda ise en hizli gelisen ve buylyen
alan guines enerjisi teknolojileridir. Strekli gelisen teknolojileri ve
dusus gosteren maliyetleri sayesinde geleceg@in en 6nemli enerji
kaynaklarindan biri olacaktir. Nitekim fotovoltaik kaynakli elekt-
rik Uretiminde de 2010-2030 yillari arasinda 690 GW’lik bir artis
olacagl ve 11GW’dan 701 GW’a c¢ikacag! éngoérilmektedir. Bu
alanda ABD, Cin, Japonya, Almanya, Fransa, ispanya ve italya
blyuk yatirimlar yapmakta, 6nemli Ar-Ge ve satin alma tesvikleri
vererek bir sanayinin kurulmasini ve teknolojinin sirekli yenilen-
mesini saglamaktadirlar. Blyuk petrol sirketleri de gelecekte ye-
nilenebilir kaynaklarin kullaniminin énemini anlamis; ginimaz-
deki ylksek karlarini yatirnma dénustirebilecek 6nemli bir alan
olarak gérmuslerdir. Bu cergcevede devlet desteklerine paralel
olarak sirketlerin de YE kaynaklari kullanmaya yénelik artan ya-
tinmlari orta ve uzun vadede enerji Uretiminde ve kullaniminda
paradigma degisikligi gerekliligi yénindeki egilimin énemli bir

gostergesidir.
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Tum bu gelismeler ¢ercevesinde glines enetjisi ile ilgili teknolojiler
ve ekipmanlarinin Gretimi ve satimi da ¢ok énemli bir hale gelmistir.
Nitekim diinya ticareti de her yil énemli oranda artmaktadir. Elektrik
Uretimi icin kullanilan fotovoltaik sistemlerde 2008 yili dinya dig
ticaret hacmi 42 milyar dolar olarak gerceklesmistir ki bu degerler
son 3 yilda 4 kat bir artisi temsil etmektedir. 2008 yil termal glines
enerjisi sistemlerinin dis ticareti de 2 milyar dolari asmistir.

Gunes enerjisi yeni ve yenilenebilir bir enerji kaynagi olusu yanin-
da, diinyanin eko-sistemi i¢in dnemli bir sorun olan cevreyi kirletici
atiklarin bulunmayisi, yerel olarak uygulanabilmesi ve karmasik
bir teknoloji gerektirmemesi gibi Ustlnlikleri sebebiyle son yillarda
Uzerinde yodun galismalarin yapildigi bir konu olmustur. Binalarin
isitiimasi, sogutulmasi, bitkilerin kurutulmasi ve elektrik tretimi gu-
nes enerjisinin yaygin olarak kullanildigi alanlardir.

Farkli gelisme asamalarinda, gesitli glines enerjisi elde etme tek-
nikleri mevcuttur. Her teknolojinin kullanim ve uygulamalarina bagl
olarak avantaj ve dezavantajlari vardir. Gunes enerjisi sistemlerinin
baslica tipleri sunlardir: a- Termal (Termodinamik) sistemler, b- Gu-
nes Pili (Fotovoltaik) sistemleri.

1) Termal (Termodinamik) Sistemler

Termodinamik sistemler de kendi icinde pasif gunes toplama sis-
temleri ve aktif glines toplama sistemleri olarak ikiye ayriimaktadir.
Pasif glines sistemleri, giines enerjisi kullanimi icin gelistirilen en
eski sistemlerden biridir. Baslica, binalarin 1sitma ve sogutmasi icin
kullaniimaktadir. Gines mimarisinde, glines enerjisi yogunluk ve
suresinin 1s1, 11k ve sagliga yararl, istenilen etkilerini elde edebil-
mek, buna kargin yuksek sicaklik, asir aydinlik ve kigilere ve mal-
zemelere zarar verecek, istenmeyen etkilerinden ise korunulacak
sekilde kontrol edilmesi ve kullaniimasi ¢ok énemlidir. Binalarin,
kisin isitiimasinda, yazin ise 1sinmayi énleyecek kosullarin saglan-
masi, seralarin isitilmasi, zirai GrGnlerin kurutulmasi, pasif glines
sistemlerinin bagslica kullanildigi yerlerdir.

Gunes enerjisi binalarda, herhangi bir elektromekanik gere¢ kul-
laniimadan (normal olarak) i1siya dénustiralir. Isi transferi ve si-
cak akigkanin ¢evrimi dogal yolla olur. Pasif glines isi sistemleri,
pencereler gibi enerji kollektér elemanlari veya bina duvarlari gibi
depolama elemanlarini da icermektedir. Pasif glines sisteminin
optimizasyonunun ve performansinin hesaplanabilmesi ve dolayi-
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styla etkili bir sekilde kullanilabilmesi icin, global glines radyasyo-
nu, uzun dalga “terrestrial” ve atmosferik radyasyon, giineslenme
suresi ve hareketli glines datasi (polar data) gibi bilgilere ihtiyag
vardir. Bunlarin yaninda, sicaklik, rizgar yénu ve siddeti, nem ve
buharlasmasinin da bilinmesini gerekmektedir.

Aktif sistemler ise, 1sitma, sogutma ve elektrik Gretimi gibi amaclarla
kullanilabilir. Glines radyasyonunu isiya donlstiren aktif sistemler
cok cesitlidir. En basit guines kollektorleri ile bir ka¢ yiz W, giines
gl istasyonlariyla birka¢c yiz MW’a kadar enerji elde edilebilir.

2) Glines Pili Sistemleri (Fotovoltaik Sistemler)

Glnes pilleri (fotovoltaik piller), ylzeylerine gelen glnes 1si1gini
dogrudan elektrik enerjisine dénlstiren yariiletken maddelerdir.
Yzeyleri kare, dikdortgen, daire seklinde bigimlendirilen gtines pil-
lerinin alanlari genellikle 100 cm? civarinda, kalinliklari ise 0,2 - 0,4
mm arasindadir.

Gilnes pilleri fotovoltaik ilkeye dayali olarak calisirlar, yani tzer-
lerine 151k dustigl zaman uglarinda elektrik gerilimi olusur. Pilin
verdigi elektrik enerjisinin kaynagi, yuzeyine gelen giines enerjisi-
dir. Glines enerjisi, gines pilinin yapisina bagli olarak % 5 ile % 20
arasinda bir verimle elektrik enerjisine cevrilebilir.

Glg ¢ikisini artirmak amaciyla ¢ok sayida glines pili birbirine para-
lel ya da seri baglanarak bir ylzey Gizerine monte edilir, bu yapiya
guines pili modlii ya da fotovoltaik modl adi verilir. Gug talebine
bagli olarak moddller birbirlerine seri ya da paralel baglanarak bir
ka¢c W’tan MW’lara kadar sistem olusturulur.

Gunes enerjisi temiz, yenilenebilir ve strekli bir enerji kaynagidir.
Gulnes enerjisi ile calisan sistemler, kolayca tasinip kurulabilen
gerektiginde enerji ihtiyacina bagli olarak basitce degistirilebilen
sistemlerdir. Ancak glinimuizdeki teknolojiler cercevesinde disuk
verimlidir ve kurulum maliyetleri ylksektir; ancak her gecen yil
gelisen teknolojiye paralel glines enerijisi sistemlerinin verimlilik-
leri artmakta ve maliyetleri dismektedir. Bu nedenle giines ener-
jisi sistemlerinin dnuimuzdeki yillarda ekonomik rasyonalitesinin
artmasi ile birlikte enerji Gretiminde kullaniminin hizla artacagi
beklenmektedir.

3) Glines Enerijisi Sistemleri Diinya Ticareti

Termal Giines Enerjisi ve Fotovoltaik (PV) Sistemler ihracati
Termal sistemlerde Almanya 486 milyon dolarlik degerle en
6nemli ihracatgi Ulke konumundadir. Meksika (315 milyon), Avus-
turya (279 milyon), Fransa (199 milyon) ve Cin (133 milyon) diger
énemli ihracatg! iilkelerdir. Onemli bir dretici olan Tirkiye de 2008
verileri cercevesinde yaklasik 21 milyon dolarlik ihracat gercek-
lestirmistir. Ayrica 2004-2008 déneminde Turkiye'nin ihracatinda
yilhk ortalama % 57’lik oranda yuiksek bir bllyime saglanmistir.
2008 yilinda da artis bir 6nceki yila gére %93 diizeyinde gercek-
lesmistir. (Tablo1)

Fotovoltaik sistemler cergevesinde yaklasik 12 milyar dolarlik ihra-
cat rakamiyla Cin birinci siradadir. ihracatinin son 4 yillik ortalama
artis orani % 106 olan Gin’de 2008 yilinda da bir dnceki yila gére %
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124 artis olmustur.  Almanya (6,3 milyar dolar), Japonya (6,2 mil-
yar), Tayvan (4,3 milyar) ve ABD (2,3 milyar) diger énemli ihracatci
Ulkelerdir. (Tablo 2)

Termal Giines Enerjisi ve Fotovoltaik (PV) Sistemler ithalati
Termal glnes enerjisi sistemlerinin ithalatinda Ulkelere baktigi-
mizda yine Almanya’yl yarim milyar dolara yakin degerle birinci
sirada goérmekteyiz. ABD 400 milyon dolara yaklasan ithalatiyla
en bilyik ikinci ithalatg Glkedir. Fransa, Avusturya, italya ve is-
panya da 100 milyon dolari agan degerlerle diger énemli ithalatci
Ulkelerdir. (Tablo 3)

Fotovoltaik sistemler ithalatinda ise ispanya ve Almanya yaklasik
8,5’ar milyar dolarlik degerle en énemli iki ithalatgidir. Bu ulkeleri
Cin (4,4 milyar), ABD (2,7 milyar), Hong Kong (2 milyar) ve Italya
(1,9 milyar) takip etmektedir. (Tablo4)

Tablo 1

ihracatci 2008 2004-2008 | 2007-2008 | Dunya

Ulkeler (000 ABD @ ortalama dénemi ihracatin-
(Termal dolari) blyime blyime daki payi

Sistemler) (%) orani (%) (%)
Dinya
toplam 2.308.314 26 38 100
Almanya 485.500 30 4 21
Meksika 315.068 10 5 13,7
Avusturya 279.356 49 93 12,1
Fransa 199.214 21 48 8,6
Cin 132.583 86 120 5,7
ABD 128.518 27 21 5,6
italya 96.497 36 52 42
Polonya 96.389 37 14 42
Birlesik 66.951 13 58 2,9
Krallk
Hollanda 58.766 20 13 2,6
Yunanistan 49.016 44 35 21
israil 41.774 32 -36 1,8
Belgika 39.573 9 21 1,7
Danimarka 38.888 36 25 1,7
isvigre 37.064 23 7 1,6
G. Kore 35.547 57 307 1,5
ispanya 24.483 6 105 1
Portekiz 20.862 89 200 0,9
Turkiye 20.564 57 93 0,9
isvec 16.685 17 31 0,7
Malezya 16.445 79 403 0,7
Qeif CL.'m' 16.017 32 41 0,7
huriyeti
Macaristan 12.679 50 88 0,5
Japonya 12.516 -3 444 0,5

185




- BILDIRILER KIiTABI
Fil'e . PROCEEDINGS BOOK

4) Turkiye’nin Glines Enerjisi Sistemleri Dis Ticareti
Termal Giines Enerjisi ve Fotovoltaik (PV) Sistemler ihracati

(Tablo 5)

Termal amagli glines enerjisi sistemlerinde en blyuk ihracat pazari-
miz 2009 verileriyle ispanya olmustur. Portekiz, italya, Fas, Roman-

ya ve Almanya da Turkiye’nin diger 6nemli pazarlaridir. (Tablo 6)

Fotovoltaik gézeler Tlrkiye'de ticari amacl Uretiimese de, montaj
yapilarak fotovoltaik panel ihracatimiz sézkonusudur. Bu gerceve-
de 2009 yilinda da yarim milyon ABD dolari de@erle en bastaki

ihra¢ pazarimiz Irak olmustur.

Termal Glines Enerijisi ve Fotovoltaik (PV) Sistemler

ithalati

Ulkemizde de iiretilen termal sistemlerde maliyet gerekceleriyle it-
halat da yapiimaktadir. ithalatimizdaki en biiyiik pay 2009 yilinin ilk
on ayinda 7 milyon dolari asan bir degerle Cin’e aittir. Aimanya ve

Danimarka da ithalat yaptigimiz tlkelerdendir. (Tablo 7)

Fotovoltaik sistemler ithalatimiz 2009 Ocak-Ekim verileriyle 28 mil-
yon ABD dolari seviyesindedir. Gin 9 milyon dolara yaklasan deger-

kurulum maliyeti gerektiren fotovoltaik gunes enerijisi sistemlerine
yatirimlarin yapiimasini guclestirmektedir. Daha ylksek destek
vermesi beklenen yeni Kanun ise Turkiye’'nin dogalgaz yukimlu-
lukleri nedeniyle Meclis'ten gecememistir. Ancak geri alim garanti
fiyatlarinin tek basina ylkseltiimesi de yeterli olmayacaktir. Sana-
yi altyapisinin gelisimine yoénelik destekler tasarlanmadan yapilan
artislar 6ncelikle tiketime yonelik avantaj saglayacagindan diger
YE malzemelerinde oldugu gibi gines enerjisi sistemlerinde de
ithalata bagiml bir yapiya girmemize de neden olacaktir. Ayrica;
yatirimlarin artmasina paralel olarak giines enerjisi alaninda istih-
dam edilebilecek nitelikli isgliciiniin de yetistiriimesi gerekmektedir.
Aksi takdirde sermaye guicli ne olursa olsun nitelikli insan gucinin
azhgi sektdriin blyumesi 6niinde engel teskil edecektir.

Enerji hem Ullkemiz hem de tim diinya icin stratejik bir faaliyet ala-
nidir. Bu anlamda gelecegin enerji tretim teknolojilerinin gelismis
Ulkelerden gelismekte olan Ulkelere devredilmeden dnce Uretimini
ve kullanimini saglamak gerekmektedir. Bdylece hem kullaniminda
hem de katma deger yaratabilmede énemli bir noktaya gelebilme-

le ithallatlmlzda birinci.élrafiédlr.. ABD’den de .yahlasllf 5 miI.y.(.)n do- Tiat:I:I:tg 2008 2004-2008 | 20072008 | Dinya ih-
!arhk ithalat gegeklestirilmistir. Ithalatimizdaki diger 6nemli tlkeler iilkeler (000 ABD | ortalama dénemi | racatindaki
ise Almanya, Tayvan ve Japonya olmustur. (Tablo 8) (Termal ) biiytme bilytime pay! (%)
Kanunda belirtilen 5,5 Euro cent/kWs st limitinin Yenilenebilir Sistemler) (%) orani (%)
Enerji (YE) kaynaklari ayrimi gézetmeksizin sabitlenmesi ylksek Dinya 2.122.648 27 37 100
toplam
Tablo 2.
Almanya 468.371 18 66 22,1
. 2004-2008 | 2007-2008 | Dunya
Ihracatgi 2008 . ) ) ABD 387.320 22 6 18,3
lkeler (PV | (000 ABD | AR | donemi | raca | T ae 34 55
Sistemiai) ) buyime buyime tindaki : ’
(%) orani (%) | payi (%) Avusturya 109.506 36 55 5,2
Dunya 42.407.250 35 57 100 talya 107.957 2 0 >1
toplam Ispanya 107.389 54 25 51
Cin 11.788.610 106 124 27,8 Kanada 90.258 41 37 4,3
Almanya 6.314.016 61 79 14,9 isvigre 61.814 24 45 2,9
Japonya 6.189.832 7 13 14,6 Birlesik 58.212 22 7 2,7
Tayvan 4.305.723 38 61 10,2 Krallik
ABD 2.364.209 13 24 5,6 Katar 52.979 103 180 2,5
Hong Kong | 1.459.362 15 1 3,4 Rusya 49.996 47 44 2,4
Birlesik 1.046.597 46 41 25 red
Krallik ’ Polonya 40.142 26 37 1,9
Belcika 801.309 55 63 1,9 Belcika 39.931 17 20 1,9
Cek Cum- Meksika 23.815 14 22 1,1
L 750.916 189 124 1,8
huriyeti Portekiz 20.676 54 68 1
Malezya 749.421 1 -30 1,8 isveg 20.425 67 61 1
Singapur 737.247 23 47 1,7 Tayland 19.682 71 20 0,9
Isveg 634.314 56 125 1,5 Cek Cum- 19.391 18 16 0,9
G. Kore 622.115 29 35 1,5 huriyeti
Hindistan 528.794 56 148 1,3 Hollanda 18.603 39 22 0,9
Hollanda 515.380 34 7 1,2 Romanya 17.314 47 62 0,8
Avusturya 496.148 79 38 1,2 irlanda 15.291 68 45 0,7
Fransa 432.687 25 61 1 Macaristan 13.863 16 23 0,7
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nin yolu agilacaktir. Gines enerjisi basta olmak tizere YE kaynakli
Urtin ve teknolojilere yatinnm yapmak tlkemiz firmalari icin tretim ve
arin teknolojilerinde s6z sahibi olunmasini, batili Ureticilerle reka-
bet edebilecek 6nemli bir ihracat alani elde edilebilmesini ve temel
sorunlarimizin en basinda gelen enerji bagimlihgimizin azaltiima-
sini saglayacaktir.

Yerli, yeni ve YE kaynaklarimizin kullaniminin 6zendirilmesi, yay-
ginlastiriimasi ve bu kaynaklarin kullanimi ile elektrik enerjisi tire-
tim sistemlerini olusturan malzeme, cihaz ve ekipmanin yerli Gre-
tim kosullarinin olusturulmasi ve bu alanda teknoloji Gretebilir bir
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[V] Turkiye’nin glines enerijisi sistemleri dis ticareti ile ilgili istatistik-
lerin kaynagi: Tarkiye istatistik Kurumu-TUIK

[] 2009 verileri ik on aylik (Ocak-Ekim) dénem degerleridir.

[¥] Gérgiin. T, “Yenilenebilir Eneriiler ve Teknolojiler”, s. 84, IGE-
ME, Ankara, 2008.

Ozet (ingilizce)

Environmental technology is the application of the environmental
sciences to conserve the natural environment and resources, and
to curb the negative impacts of human involvement. The core con-

lu_

seviyeye ulagsmamiz enerjide disa bagimli olan tilke ekonomisinin | Tablo 5
surddrdlebilir blyimesi icin cok blylk 6nem arz etmektedir. Termal
. 2006 2007 2008 2009
Sistemler
Kaynakea Toplam 6.600.586 | 10.647.779 | 20.564.404 | 14.872.067
[. Peter. S, ve Lehmann. H, “Renewable Energy Outlook 2030”, ispanya 671.509 1136460 | 3.082.710 | 2.211.286
Energy Watch Group, s. 37. <www.energywatchgroup.org> -
" . P S e s ) Portekiz 338.782 454.231 885.172 1.623.398
[[]. “GUnes Enerjisi”, Elektrik Isleri Etud Idaresi (EIE), <www.eie. -
gov.tr> Italya 394.640 835.034 1.558.603 | 1.101.069
[] Gunes enerjisi sistemleri dlinya ticareti ile ilgili istatistiklerin kay- Fas 905.137 | 1.251.975 | 1.964.931 | 1.045.868
nagi: Uluslararasi Ticaret Merkezi (ITC-Trade Map) Romanya 206.600 158.174 140.486 1.011.369
Almanya 284.416 261.416 1.176.978 989.933
Tablo 4 Suriye 149.726 | 251.485 | 1.880.958 | 711.170
2007- Lubnan 308.910 410.070 1.175.712 676.854
. 2004-2008 . .
Ithalatg! 2008 Hal 2008 Dinya ih- Avustralya | 360.819 567.179 1.055.434 648.075
ortalama -
tlkeler (PV | (000 ABD S dénemi | racatindaki Ingiltere 64.700 408.917 386.114 609.626
Sistemleri) | dolari) (%) blyime | payi (%) Tunus 26.922 348.434 451.071 535.851
o
orani (%) ABD. 116 139.185 | 576503 | 822.748
Dinya 41.512.980 35 59 100 Polonya 30.163 10.787 96.029 240.350
TOp'am Urdiin 95.172 24.088 278.437 | 231.506
5Py el 20 e A Danimarka | 328.768 | 225.658 243.153 217.654
AEEE || Bes St Gl [ ALl Hollanda 4.926 294 11.358 202.154
Cin 4.422.229 21 16 10,7
ABD 2.760.189 22 28 6,7 Tablo 6
Hong Kong | 1.983.785 14 9 4,8 Fotovoltaik
italya 1.858.166 76 107 45 sistemler 2006 2007 2008 2009
G. Kore 1.583.519 21 84 3,8 Toplam 8.206.931 | 2.008.962 | 1.606.508 | 1.557.961
Japonya 1.412.342 7 25 3,4 Irak 4.362 1.291 530.164 404.586
Fransa 1.024.829 44 93 2,5 Tlrkme-
) 0 29.400 25.016 263.980
Belcika 1.008.526 56 94 2,4 nistan
Birlesik 898.316 39 45 2,2 Fas 0 1.789 160 136.278
Krallk Rusya
48.527 60.901 113.437 119.829
Cek Cum- 785.066 95 146 1,9 Fed.
huriyeti Nijerya 0 0 84.730 76.878
Tayvan 727.419 11 28 1,8 Kazakistan 10.418 69.368 9.780 69.043
Singapur 559.134 15 11 1,4 Almanya 591.434 107.394 82.367 52.041
isveg 511.689 51 95 1,2 Libya 2.422 1.199 1.774 42.572
Macaristan 506.199 47 48 1,2 Misir 8.381 45.118 72121 40.412
Meksika 487.913 14 10 1,2 iran 9.624 68.018 25.651 29.942
Hollanda 469.840 13 51 1,1 Hollanda 530 572 13.943 26.828
Avusturya 431.456 44 53 1 Tunus 0 0 0 25.209
Hindistan 420.040 74 149 1 Romanya 1.331 7.749 17.064 28.977
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cept of the environmental technologies is sustainable development;
within the sustainable development concept, the improvement of
the environmental technologies and services especially in the rene-
wable energy sector, will provide socially equitable, economically
viable, and environmentally sound socio-economic system.

Rising energy prices and increasing environmental problems have
given rise to the necessity and importance of using environment-
friendly technologies. The current level of dependence of fossil
fuels, the need of reducing the carbon emissions associated with
energy use and the needs of developing a new innovative tech-
nology sector make solar energy systems increasingly attractive.
In the last years the solar energy market expanded extensively,
especially in Germany, China, Spain, USA and Japan. Several in-
centives have stimulated the expansion, rendering the solar energy
industry ready to expand. However, the high production cost of
electricity, due to the significant capital investment cost, is the main
barrier to large-scale deployment of photovoltaic systems. Nevert-
heless, in the next decades it is expected a huge increase in using
renewable energies, particularly in electricity generation form the
solar energy systems. Among the solar energy systems photovol-
taic industry will be the main part of this industry.

Solar energy technologies are easy to introduce and implement
all over the world, in both developed and developing countries. In
addition, solar energy systems are already associated with a fast-
growing and dynamic industry. This success story has been dri-
ven both by national support schemes and first-class research and
demonstration. Many developed and developing countries strongly
supports the development of the solar energy sector in its policy
measures, and also in its research and demonstration activities.
Solar energy technology costs are becoming more competitive in
recent years and year by year the production and installation costs
are decreasing. A stronger effort towards further development and
technological innovation will make the sector more productive and
competitive, and accelerate its evolution. Within these develop-
ments Turkey will also benefit from the contribution of the solar
energy in its electricity generation and demand.

In the context of economic, renewable and environmental friendly
energy sources, Turkey’s geographic location has several advan-
tages for extensive use of most of the renewable energy sources:
solar, wind, biomass, hydro and geothermal. Among these rene-
wable energy sources, probably the production and use of solar
energy technologies and equipment will gain significance in both
the domestic and export markets.

188

Tablo 7

Termal 2006 2007 2008 2009
sistemler

Toplam 3.528.414 | 5.019.861 | 8.271.605 | 7.101.619
Cin 2.360.230 | 2.862.825 | 6.268.411 | 4.555.598
Almanya 584.224 535.933 877.919 | 1.351.047
Danimarka 0 54.949 875.873 587.007
Fransa 8.441 0 0 163.369
Avusturya 61.035 285.233 69.435 138.992
Portekiz 0 12.801 0 87.876
isvigre 151.901 406.169 20.635 53.319
Polonya 5.072 0 43.044 44.542
ingiltere 38.045 102.533 4.995 32.015
italya 48.822 22.058 12.647 29.585
ispanya 410 294 9.488 16.474
G. Kore 5.080 35.937 3.678 12.355
Tablo 8

Foto-

voltaik 2006 2007 2008 2009
sistemler

Toplam 24.994.331 | 29.212.081 | 34.366.920 | 28.046.349
Cin 4.937.017 | 8.490.038 | 12.843.324 | 8.764.465
ABD 1.280.471 | 2.817.658 | 1.191.155 | 4.494.953
Almanya | 8.512.909 | 4.204.899 | 3.586.707 | 2.679.671
Tayvan 1.354.150 | 1.778.948 | 2.239.050 | 2.344.925
Japonya | 1.495.150 | 2.235.070 | 2.636.739 | 2.030.673
G. Kore 987.161 1.511.936 | 2.388.715 | 1.687.862
Filipinler 163.638 840.516 1.785.918 | 1.453.302
Malezya 510.612 625.682 1.807.120 | 1.094.744
italya 715.449 1.101.904 | 2.206.465 620.537
ingiltere 201.224 592.493 453.375 402.182
ispanya 278.764 94.606 18.177 345.218
Hong

o 1.161.344 692.628 649.076 317.566
Hindistan | 568.659 89.812 390.490 312.629
Tayland 54.104 125.038 275.591 271.916
Kanada 5.526 21.285 32.025 169.494
Belcika 118.655 147.457 351.136 157.388
Hollanda 216.426 452.164 166.720 148.088
Macaris-

- 217.934 165.615 58.628 123.206
Avusturya | 761.483 1.854.658 473.498 120.295




BILDIRILER KIiTABI

PROCEEDINGS BOOK fuiue

A NUMERICAL INVESTIGATION OF THE OBSTACLE GEOMETRY EFFECT ON
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Abstract

In this study the effect of obstacle geometry and dimensions on ther-
mal stratification in solar powered domestic hot water storage tanks
are numerically investigated. Numerical analysis have been carried
out for both mantled and non mantled tank. The goal of this study is to
obtain higher thermal stratification in the tank and supply hot water for
usage as long as possible. The numerical method is validated using
experimental results available in the literature. The temperature dis-
tributions are presented for 4 obstacle geometries at a distance from
the bottom surface of the hot water storage tank (h=0.5 m) in order to
select the best obstacles which provide higher thermal stratification.
The selected four obstacles (A, B, C and D) are used in the study in
order to investigate the obstacle geometry and dimensions on ther-
mal stratification. Consequently, it is observed that the obstacle C and
D provides the best thermal stratification among the other obstacles.

Keywords: Thermal stratification, hot water storage tank, tank ob-
stacles

1. Introduction

The daily and seasonal variation of the solar radiation is a significant
problem in solar energy applications. Direct usage of the solar energy
is limited with sunny hours so direct usage of the solar energy is not
continuous. The thermal energy should be stored in sunny hours in
order to use in sunless hours. Although there exists various methods
for storing energy in hot water solar energy systems, thermal energy
is generally stored as sensible heat in water. The thermal stratification
and water temperature inside the tank significantly affect the efficien-
cy and performance of the hot water storage system. Thermal energy
storage system and its theory are explained detailed by Altuntop et
al. (2006).

Thermal storage tanks are necessary components of many energy
conservation programs, in industry, in commercial building, and in so-
lar energy utilization. Thermal stratification in thermal storage tanks
has a major influence on the thermal performance of the thermal
heating system (Shah et al., 2005). It is fundamentally known that
the thermal storage system is an energy saving device to use avail-
able sensible heat energy by the temporary storage in a specially
designed tank. The principal operational logic of the system is the
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Department of Mechanical Engineering, Faculty of
Engineering. Erciyes University, Kayseri 38039, Turkey

Necdet ALTUNTOP
Department of Mechanical Engineering, Faculty of
Engineering. Erciyes University, Kayseri 38039, Turkey

minimization of the mixing effect of hot loading water into cold water
reservoir by the use of thermal stratification, which is caused by the
thermal buoyancy induced by the difference of temperature between
cold and hot water. A simple and inexpensive test method to deter-
mine the thermal behavior of solar domestic water heating systems is
proposed by Garcia-Valladares et al. (2008). Mawire and McPherson,
(2008) studied the experimental characterisation of a thermal energy
storage system using temperature and power controlled charging.

The thermal performance increases with thermal stratification in the
heat storage tanks. The thermal stratification is explained detailed by
Han et al.(2009).There exist numerous studies on thermal stratifica-
tion under different operating conditions and for design parameters in
literature (Andersen et al., 2007; Hegazy, 2007; Osman et al.2008;
Chung et al.2008; Mazman et al., 2009). Hegazy (2007) investigated
the effect of inlet design on the performance of storage-type domestic
electrical water heaters. Three different side-inlet geometries; namely
wedged, perforated, and slotted pipe-inlets; were tested and it is seen
that the three inlet designs are successful in promoting good thermal
stratification inside the storage tank. Thermal performance is evalu-
ated in terms of discharge efficiency, extraction efficiency, and frac-
tion of heat recoverable. Consequently, the slotted inlet indicated the
best performance. The relationship between tank size and good ther-
mal stratification is numerically investigated by Osman et al. (2008).
Three dimensional simulations with different tank height-todiameter
ratio, inlet Reynolds number and the effect of the number of diffuser
holes are also investigated. Finally they reported that doubling and
halving the number of diffuser holes show no significant effect on the
thermocline behavior. Chung et al.(2008) systematically analyzed the
effect of various kinds of design factors on the stratification perform-
ance of a rectangular storage tank. As a result, the Reynolds number
is found to be the most dominant parameter. Moreover, the diffuser
shape plays a significant role on the performance of a stratified ther-
mal storage tank.

Altuntop et.al., (2004a; 2004b;2005; 2006) and Arslan et. al., (2004;
2006) performed numerical studies in order to investigate the effect of
some parameters (obstacle geometry, dimension, position and flow
rate ) on thermal stratification in a hot water tank. This study differs
from those that the obstacles A and B are added recently and the
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others C and D are revised in terms of dimensions for investigating
the effect of obstacles on thermal stratification. Consequently the op-
timum obstacle geometry was determined in order to obtain higher
thermal stratification and supply hot water for usage as long as pos-
sible.

2. Numerical Modeling

The tank dimensions that appear in Fig. 1 are taken as d = 0.02 m,
h=05m,D=1m,dl =0.2m, f=0.04 m and H = 1.5 m. The tank
is assumed to contain water and the pressure in the tank is taken 1
atm. There is an exit channel for hot water use (T3), an inlet channel
for water coming from the heater (T2), and they are both located at
the top section of the tank. There is an inlet channel for cold-water
entrance (T4) and a symmetrically placed exit channel for cold-water
exit (T1) at the bottom section of the tank. According to the tempera-
ture of the water going to the heater from the tank, the temperature
of the water coming from the heater to the tank varies, but this state
is neglected in this study. So initially, the water temperature and the
water velocity are taken as 320 K and zero, respectively. The water
velocity and temperature coming from the main line to the tank are as-
sumed as 1 m/s (V4) and 285 K (T4). The water temperature coming
from the heater to the tank is assumed as 333 K (T2). The hot water
inlet velocity and cold water outlet are assumed to be 0.2 m/s (V2).
From the beginning to the end of hot water usage time is considered
to be the calculation period, which is taken 120 min. The tempera-
tures are obtained at r=21.7 cm at every 5 cm along the tank height.

The purpose of using obstacle is to supply hot water with high ther-
mal stratification between the temperatures T4 (cold water inlet to the
tank) and T2 (hot water inlet to the tank supplied by heater). Different
obstacle geometries are placed in the tank to decrease contact area
between cold and hot water in the tank. Cold water entering the tank
may not destroy hot water gradient. However, the hot water entering
the tank would destroy the stratification. The rate of the hot water
drawn from the tank would be equal to the rate of the cold water en-
tering the tank from the main line. Considering this, the cold water
velocity from the main line is taken 1 m/s. The cold water inlet and exit
pipes in radial direction are in the same axis satisfying the symmetri-
cal condition. Because of this condition, higher percentage of the cold
water entering to the tank would be directed towards the cold water
exit channel (T1) from the tank. Consequently, the cold water does
not produce vortex inside the tank and destroying effects into thermal
stratification inside the tank would be decreased. The hot water exit

afl

Figure 1. Mechanical model for hot water storage tank.
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channel (T3) is generally located at the top of the tank to make sure
that water remains as hot as possible during usage.

Figure 2. The geometry of obstacles placed in the tank

Table 1.

Obstacle a b g h i i (‘] k
A = = 155 100 1000 = = 150
B = = 155 150 1000 = = 150
Cc 1000 | 150 = o o S = S
D o = = o o 900 0 S

The numerical analyses are conducted for 4 cases in this study.
The obstacle geometries and the dimensions of these geometries
are shown in Figure 2 and Table 1, respectively. The thermal con-
duction originates from obstacle material is neglected in this study.
So, the obstacles are assumed as adiabatic.

Three-dimensional continuity, momentum and energy equations
are solved numerically. Vortexes occur in the tank because of the
mixing of the fluids and the hitting of these two fluids to the wall
and obstacle surfaces. Therefore, calculations are carried out by
using wall functions method and standard k-¢ turbulent model. The
upwind and central difference methods are used for convections
and diffusions, respectively (Suhas, 1980). FLUENT 6.1.22 code is
used for numerical calculations. Solution of the problem is obtained
using implicit method in segregated solver. The discretization is
achieved by using standard method for pressure and second up-
wind method for momentum, energy, turbulent kinetic energy, and
turbulent dissipation rate equations. The SIMPLE (semi-implicit
method for pressure-linked equations) algorithm is used for flow
computation. The convergence criterion is selected 10-7 for energy
and 10-4 for other residuals.

In this study, the used numerical method to obtain results is vali-
dated using experimental results. For this purpose, we modeled
the tank of Zachar et al. 2003 and the analyses are performed with
our numerical method in similar conditions. The comparison of the
results by our numerical model and the numerical and experimental
results of Zachar et al. 2003 shows very good agreement as given
in detail Altuntop et.al.,2005.

4. Results and Discussion

First of all, the numerical analyses are carried out for no obstacle
case in order to show that placing obstacle in the tank provides bet-
ter thermal stratification in comparison with the no obstacle case.
The temperature distribution is presented for no obstacle case in
Figure 3. It is observed from this figure that the thermocline region
enlarges by increasing time. For no obstacle case, a small thermal
stratification is observed at the top of the tank, which is far from
desired levels.
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The hot water (T2) and cold water (T4) contact each other in all
axial cross-sectional area when they enter the tank. The rota-
tions of the hot and cold water velocity vectors occur because
they hit the tank wall. The thermal stratification is destroyed by
mixing of the cold and hot water suddenly inside the tank. In
order to keep higher thermal stratification, the axial contact area
between the cold and hot water must be decreased and the cold
water should not be directed towards upper part of the tank. This
may be achieved by placing obstacles inside the tank.
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Figure 4. The temperature distribution for all investigated cases after 120
min operation period.

Figure 3. The temperature distribution for no obstacle case

The temperature distribution in the tank for all investigated cas-
es after 120 min of operation period is given at Figure 4. There is
good thermal stratification occurs between upper and lower part
of the tank for all 4 cases at the end of the operation. The tem-
perature distribution for all investigated cases during 120 min
operation period is given at Figure 5.

The difference of T3 (hot water exit for usage) and T1 (cold wa-
ter exit from tank to collector) temperatures for all obstacles are
shown in Fig. 6. It is desired to keep (T3-T1) temperature dif-
ference as high as possible for higher thermal stratification and
also supply hot water for usage as long as possible. Moreover,
if T1 (the water temperature enters to the collector) is as low as
possible, the collector efficiency will increase.

As illustrated in Fig.6, all of the obstacles provide better thermal
stratification after 120 minute in comparison with the no obstacle
case. These obstacles supply colder water towards to the heater
and enhance the collector efficiency in this way these obstacles
provide higher thermal stratification. There will occur more heat
transfer to the water from the same type collector having the same
surface area and water with higher energy will go back to the tank
from collector. Thus, it will be possible utilizing from solar energy
more efficiently. It is obvious that the obstacle C and D provides
the best thermal stratification among the other obstacles.

First of all, the numerical analyses carried out for f=0.5 m in
order to determine the best obstacle which provide higher ther-
mal stratification. The surface average temperature distributions
were obtained for investigated 4 obstacles and for these obsta-
cles, the average temperature distributions in axial direction dur-
ing different operation time periods were presented in Fig. 5. In
these figure, the obstacles are at f=0.5 m position.

Figure 5. The temperature distribution for all investigated cases during 120
min operation period.

As shown in Fig. 4 and Fig. 5, the water temperature suddenly
increases after f=0.5 at which the obstacle exists. Initially, the
water temperature is 320 K in all over of the tank meanwhile, at
the end of 120 minute, it is observed that the water temperature
reaches to 323 K above the obstacle A position and drops to
294.5 K below the obstacle A position. In this way, a temperature
difference of 28.5 K is provided between the upper and lower
parts of the obstacle A. It can be concluded that the obstacle
placed in the tank improves the thermal stratification. Similarly
temperature difference between the upper and lower parts of the
obstacle B, C, D are respectively 27.7 K, 28.9 K, 28.9 K.

The difference of T3 (hot water exit for usage) and T1 (cold wa-
ter exit from tank to collector) temperatures in the mantled solar

storage tank are shown in Fig. 7 to obstacle A and C.

As illustrated in Fig.7 thermal stratification is presented for man-
tled hot water storage tank. These obstacles provide better ther-
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mal stratification after 120 minute in compared with the no obsta-
cle case. The different temperature of T3 and T1 temperatures
in the mantled tank is smaller than the tank without mantled. The
reason for this is thermal resistant between tank and mantle.
The temperature distributions (f= 0.5 m) of the mantled tank for
A and C cases after 120 min of operation period is given at Fig-
ure 8. There is good thermal stratification occurs between upper
and lower part of the mantled tank for 2 cases at the end of the
operation.
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Figure 6. The comparison of T3-T1 distribution for all obstacles
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Figure 7. The comparison of T3-T1 distribution in mantled storage tank after
120 min operation period for obstacle A and C.

As shown in Figure 8, temperature of the water exit from tank to
collector is higher from without mantle tank. It is obvious that the
obstacle C has better thermal stratification than A.

5. Conclusions

The fundamental objective of this study is to investigate the ef-
fect of obstacle type on thermal stratification in solar powered
domestic both mantled and non mantled hot water storage tanks.
A numerical study is performed to determine the best obstacle
geometry in order to obtain higher thermal stratification and
supply hot water for usage as long as possible. It appears that
placing obstacles in the tank provides better thermal stratifica-
tion in comparison with the no obstacle case. It is obvious from
the results that the obstacle C and D provides the best thermal
stratification among the other obstacles in the tank.
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NEW AND EMERGING DEVELOPMENTS IN SOLAR ENERGY
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Abstract

Solar Energy can potentially play a very important role in providing
most of the heating, cooling and electricity needs of the world. With
the emergence of solar photocatalytic oxidation technology, solar
energy also has the potential to solve our environmental problems.
The photocatalytic technology may also provide security against
Chem-Bio attacks on buildings. This presentation describes some
of the new and emerging developments, with special emphasis
on: (1) Nanoscale antennas for direct conversion of sunlight
to electricity with potential conversion efficiencies approaching
80%; (2) New thermodynamic cycles for solar thermal power,
that have the potential to reduce capital costs by 50%; and (3)
Solar photocatalytic oxidation for cleanup of industrial wastewater,
drinking water, soil and for disinfection of indoor air..

(1) Nanoscale Antenna Solar Energy Conversion

The current photovoltaic technologies rely on the quantum nature
of light and semiconductors which are fundamentally limited by the
band-gap energies. A revolutionary new approach uses the wave
nature of light utilizing broadband rectifying antennas for solar
radiation to DC conversion. These rectifying antennas (rectennas)
would not have the fundamental limitation of semiconductor band-
gap limiting their conversion efficiencies. Rectennas for solar
conversion would have dimensions of the order of the wavelengths
of solar radiation which falls mostly in the sub-micron range. The
challenges in actually achieving the objectives are many, however,
significant progress has been achieved making the concept
viable.

(2) New Thermodynamic Cycles for Solar Thermal Power

It is recognized that the capital costs of solar thermal power will
have to be reduced by about 50% in the near future in order to
make it competitive with fossil fuels based power systems. Potential
exists for meeting this goal by reducing the costs and improving the
thermodynamic performance of power cycles by hybridization and
combined cycle approaches and by employing new and innovative
ideas in thermal power cycles. This presentation describes the new
thermodynamic approaches with an emphasis on an innovative
new thermodynamic cycle using ammonia and water mixtures as
the working fluids.
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(3) Solar Photocatalytic Detoxification and Disinfection of
Water and Air

Although the potential of solar radiation for disinfection and
environmental mitigation has been known for years, only recently
has this technology been scientifically recognized and researched.
Solar photocatalytic oxidation has been demonstrated to effectively
treat groundwater, drinking water, and industrial wastewater. In
some applications such as decoloration and reduction of COD
it may be the only effective method of treatment. Treatment of
indoor air by the photocatalytic method has been demonstrated
as the most effective technology for that application. Recent
developments have shown its effectiveness against bio-terrorism.
This presentation describes the recent developments and identifies
challenges and future research opportunities.
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Abstract

Rising comfort needs and technological developments lead wide appli-
cation of air-conditioning systems. Solar adsorption heat pumps (SA-
HPs) are devices which can meet design requirements of our century.
The pairs used in SAHPs affect the performance of the device. There-
fore, the selection of proper working pair is an important investigation
topic. In this paper after brief information on working principle of solar
AHP, a review on studies performed on SAHP is done. Adsorption
heat pumps can operate at low pressure by using working pairs such
as silica gel - water or zeolite — water; however the use of active car-
bon - ammonia for high working pressure is also possible. Structures,
thermal and physical properties of the proposed adsorbent-adsorbate
pairs are explained in the paper. The heat of adsorption quantities,
isoster and isotherm equations of these pairs are also presented.

Keywords: Solar cooling, solar adsorption air-conditioning,
adsorption heat pump, adsorbent — adsorbate pairs

Nomenclature

P system pressure (Pa)

P, saturation pressure (Pa)

g adsorbed amount per adsorbent weight (kg/kg)

g, maximum amount of adsorbate per adsorbent weight (kg/kg)
T temperature (K)

D affinity coefficient of the pair

1. Introduction

The interest in adsorption heat pump was firstly started in the 1970s
due to the oil crisis. Later, AHP gained more interest because of ec-
ological problems related to the use of CFC and HCFC refrigerants
which deplete the ozone layer and contribute to the greenhouse effect.
AHP can recover waste heat at low temperature levels and provide
cooling effect [1]. AHP has advantages such as the use of waste heat
or solar energy, being environmentally friendly, having no vibration
etc, and they have lower operation costs when it is compared with
mechanical vapor compression systems.

A basic AHP consists of four main parts: an adsorber, which is a
container filled with an adsorbent, a condenser; an evaporator; and
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an expansion valve. Basically, AHP operates by cycling adsorbate
between adsorber, condenser, and evaporator [2]. In the adsorp-
tion heat pump cycle, adsorption phenomena play the same role
of mechanical power, and the working fluid can be circulated in the
cycle without any mechanical power.

In solar adsorption heat pump, solar energy heats the adsorbent
bed, which was saturated with adsorbate beforehand during the
day and it reaches to the maximum cycle temperature. This proc-
ess is called as isobaric desorption process. When the adsorbent
bed reaches to condenser pressure, adsorbate leaves the adsorb-
ent bed and it condenses in the condenser. During the condensa-
tion, heat is released in the condenser. The condensed adsorbate
in SAHP, which is in liquid phase, flows down by the gravity into a
liquid receiver or directly into the evaporator. During the night cy-
cle, the adsorbent bed is cooled and therefore its pressure reduces
down to the pressure in the evaporator. When the adsorbent bed
pressure equals to the saturated vapor pressure of the adsorbate,
the evaporation of adsorbate starts in evaporator. This process is
called as isobaric adsorption process. The evaporator takes heat
from environment during isobaric adsorption process and gener-
ates cooling effect for the environment. The cycle will be repeated
by sun rise of the following day.

Adsorption heat pump should operate with high coefficient of per-
formance (COP), specific cooling power (SCP) and specific heating
power (SHP) values in order to be used in practice. Decision of
proper working pair is an important parameter to improve COP and
SCP quantities of AHP.

The heat of adsorption released during isobaric adsorption process,
latent heat of adsorbate during evaporation, the highest and lowest
working temperatures and pressures highly depend on adsorbent-
adsorbate working pair. That's why studies on the properties of ap-
plicable adsorbent-adsorbate pairs were performed by researchers
and reported in literature. In the context of determination of iso-
therms of adsorbent-adsorbate pairs, San and Lin [3] have studied
three working pairs used in AHPs. Among three pairs, the activated
carbon — methanol pair was found to lead the highest specific cool-
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ing power and coefficient of performance. Silica gel — water pair
was found to have a better SCP and COP values than zeolite —
water pair. Comparison among the common adsorbent-adsorbate
pairs used in adsorption heat was reviewed by Wang et. al [4]. They
concluded that silica gel — water pair has advantages such as hav-
ing low desorption temperature. Activated carbon — methanol pair
can be used for freezing processes. Activated carbon — ammonia
pair works at high pressures and its cycle time is short. Zeolite —
water pair was found to be suitable for high temperatures. Afonso
and Silveira [5] investigated the equilibrium conditions of the pair
silica gel — water. Gravimetric method was used in the experiments
and the maximum amount adsorbed was found as 30.6%. Dawoud
and Aristov [6] presented an experimental investigation for the ki-
netics of water vapor sorption on silica gel and alumina in com-
parison with the two composites SWS-1L and SWS-1A formed by
impregnating these two host matrices with CaCl2. They concluded
that SWSs had higher adsorption capacity than host materials.
However, adsorption time of SWSs was longer. EI-Sharkawy [7] et.
al. experimentally investigated adsorption uptake of ethanol onto
a highly porous activated carbon (AC) based adsorbent, namely
Maxsorb I, using a thermo-gravimetric analyzer unit with adsorp-
tion temperatures ranging from 20 to 60 °C. They resulted that AC
can adsorb up to 1.2 kg of ethanol per kilogram of adsorbent. Their
theoretical calculations showed that the AC—ethanol adsorption cy-
cle could achieve a specific cooling effect of about 420 kJ/kg. As a
result of the study, the AC-ethanol pair is recommended for solar
cooling applications.

Solar energy is widely used to produce hot air or water for using in
domestic or industrial applications. However cooling of air or water
by solar energy has not found wide application. Due to the advan-
tages of AHP, solar cooling by AHP has gained attentions of re-
searchers in recent years. Some theoretical and experimental stud-
ies on SAHP for cooling purposes reported in the literature. Li et.
al. [8] performed an experimental study and they constructed a flat-
plate solid-adsorption refrigeration ice maker with a solar adsorbent
bed collector of 1.5 m2. The active carbon-methanol pair was used
in their study. The adsorbent bed was constructed of two flat-plate
collectors. They simulated solar radiation by quartz lamps. The de-
vice produced 7-10 kg of ice after receiving 28-30 MJ of radiation
energy. The average refrigeration COP value of the device was
found as 0.13. Sumathy and Zhongfu [9] performed an experimen-
tal study on a solar-powered ice-maker with adsorbent-adsorbate
pair of activated carbon-methanol. They used a collector having an
exposed area of 0.92 m2 to produce ice of about 4-5 kg/day. Device
could achieve solar refrigeration COP of about 0.1-0.12. Lemmini
and Errougani [10] performed experiments with a solar adsorption
refrigerator built using the pair activated carbon-methanol. The re-
frigerator could perform successfully even in rainy and cloudy days
and the temperatures achieved by the unit could be less than -11
°C. The COP ranges were around 5-8% for a solar input between
12 and 28 MJ/m2 at an average ambient temperature around 20
°C. Lou et. al. [11] performed experiments with a solar adsorp-
tion chiller consisting four subsystems, which are a solar water
heating unit with 49.4 m2, a silica gel-water adsorption chiller, a
cooling tower and a fan coil unit. Chiller could produce 14-22 °C

196

chilled air. Its daily solar cooling COP was found to be 0.1-0.13.
Chang et. al. [12] studied on design and performance of a solar
powered system for heating and cooling working with silica gel-
water pair. Adsorber, evaporator and condenser sections were
plate fin and tube heat exchangers. By the experimental study;
9 kW of cooling power, 72 W/kg of SCP and 0.37 of COP values
were achieved. Zhai and Wang [13] designed and performed a
solar adsorption cooling system which can be switched between
a system with heat storage and a system without heat storage.
In the system with heat storage, a heat storage water tank was
employed as the link between the solar collector circulation and
the hot water circulation for the adsorption chillers. They resulted
that system with heat storage operated durably because of the
regulating effect by the heat storage water tank. The cooling ef-
fect of the system without heat storage was similar to that of the
system with heat storage. The system without heat storage was
found to have the advantages of higher solar collecting efficiency
as well as higher electrical COP.

The studies on SAHPs are going on in order to achieve better
results all over the world. Since the main component of the device
is the adsorbent bed, the adsorption pair performance and proper-
ties should be investigated in details. The aim of this study is to
overview the properties of pairs which may commonly be used in
SAHPs in order to select the proper pair according to the duty of
the device.

2. Adsorption Phenomena

Adsorption is the selective transfer of solute from a fluid to a fluid-
solid interphase, where the solute (adsorbate) molecules are held
by the forces that emanate from the solid (adsorbent) surface.
Adsorption process creates a film of the adsorbate around the
adsorbent particle surface. The interaction between two phases
occurs mostly by Van der Waals forces and electrostatic interac-
tions.

Adsorbents are described as the substances, usually porous in
nature and with a high surface area that can adsorb a fluid onto
their surfaces by intermolecular forces. Since adsorption is a sur-
face phenomenon, solids with very large specific surface areas
are likely to be useful; this high surface area can be provided by
solid particles having porous structure [14]. Adsorbents may be
categorized into three main groups considering their pore sizes
(by IUPAC). Macroporous adsorbents are the ones having pore
diameter smaller than 20 A (10® m). Mesoporous adsorbents
have an average pore diameter between 20 and 500 A. Micropo-
rous adsorbents have pore diameter greater than 500 A[15].

After flow through external film layer, the mass transfer of adsorb-
ate flow through the porous adsorbent particle is approached as
diffusion process since convective flow through the pores is negli-
gible. Diffusion process may be controlled by macropore diffusion,
micropore diffusion or surface diffusion mechanisms. Polarity of
adsorbent and adsorptive, molecular structure of adsorptive,
pore structure of adsorbent and process conditions may affect
these mechanisms.
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Adsorption is an exothermic process and while adsorption is go-
ing on, heat, called as heat of adsorption, is evolved. With ad-
sorbents having ionic structure and with polar adsorbates, heat
of adsorption is considerably high. This is related to the contri-
bution of electrostatic interactions in addition to Van der Waals
forces. For a given pair, heat released is subject to change with
adsorbate loading, temperature and pressure [16]. Heat of ad-
sorption is an important parameter on selection of the proper
pair. High heat of adsorption is an advantage especially for the
energy storage purposes.

Adsorption equilibria between adsorbents and adsorbates can
be estimated by various theoretical and empirical approaches
proposed. Experimental adsorption equilibria can be repre-
sented by equilibrium plots such as; adsorption isotherms, iso-
sters and isobars. The plot of amount adsorbed as a function
of pressure at constant temperature represents the adsorption
isotherm. Adsorption isoster is the plot of pressure as a function
of temperature when the adsorbed amount is constant. On the
other hand, the plot of adsorbed amount as a function of tem-
perature at constant pressure illustrates the adsorption isobar.
For AHPs, the most common method of presenting data is the
form of plotted isosters.

3. Requirements For Adsorbent-Adsorbate Pairs

The selection of appropriate adsorbent-adsorbate pair is vitally
important for a SAHP system. The adsorbent and adsorbate re-
quirements should be known well in order to achieve high per-
formance. Besides, to decide on the pair that can be used in a
SAHP, the adsorbent and adsorbate properties should be known
well. Thermo-physical requirements for an adsorbent in order to
be used in an AHP can be listed as; high adsorption capacity,
high thermal conductivity and diffusivity, quick response of ad-
sorption capacity to temperature change, thermal stability, good
compatibility with adsorbate, high mass diffusivity. The thermo-
physical properties of a proper adsorbate which should be con-
sidered are latent heat, freezing and boiling point, saturation va-
por pressure, viscosity, toxicity, and thermal stability [17].

After decision on adsorbent and adsorbates, the behavior of
pair and interaction between them due to adsorption should be
investigated. The adsorption and desorption temperatures and
maximum adsorption capacity as well as evaporation and con-
densation temperatures, hysterisis upon thermal cycling, cyclic
repeatability, heat of adsorption, diffusion rate of adsorbate in
adsorbent particle and isotherm type should be the considering
features for selection of a proper adsorbent-adsorbate pair [18].
4. Common Adsorbent-Adsorbate Pairs Used In
Sahp

4.1 Structure and Properties of Common Adsorbents and
Adsorbates

Most common commercial adsorbents used in SAHPs are zeo-
lite, silica gel, active carbon and activated alumina. Silica gel
is a rigid, continuous net of colloidal silica, connected to very
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small grains of hydrated SiO4. The hydroxyl in the structure is
the adsorption center because it has a polar structure and can
form hydrogen bonds with polar oxides, such as water and al-
cohol [19]. The adsorption ability of silica gel increases when
the polarity increases. It is available in various pore sizes, and
the smaller the pore size the greater is the surface area per unit
mass [20]. Its average pore diameter is 30 A. It has an average
surface area of 600 m2/g. It has 0.180 W/mK of thermal conduc-
tivity. The structure and adsorption mechanism of an adsorbent
are based on its type. So, the selection of type of adsorbent is
also important. Type A and type RD silica gels are more suit-
able for SAHPs. They have larger specific surface area and their
thermal conductivity is greater. [21, 22]. Silica gel retains chemi-
cally bonded traces of water (about 5%). If it is overheated and
loses this water, its adsorption capacity is completely lost and
therefore it is generally used in temperature applications under
200 °C [283]. Zeolite molecular sieves are microporous adsorb-
ent and the pore sizes are uniform throughout the particle. The
regularity of their pore size structure makes them especially con-
venient for adsorption applications. They have high surface area
such as 800-1000 m2/g. They can adsorb polar and non-polar
molecules if appropriate conditions are provided; and they can
adsorb water vapor with high heat of adsorption even at very low
concentrations [14, 18]. Zeolite 13X is used mostly in case of its
high adsorption capacity and heat of adsorption which is about
4400 kJ/kg when it is used with water. The zeolites are usu-
ally employed in adsorption air conditioner systems with a heat
source between 200-300 °C. Activated carbons are produced
through the activation of carbonaceous materials such as coal,
wood, nut shell and high polymers. Powdered or granular forms,
convenient for different commercial purposes, are available. Ac-
tivated carbons mostly have a microporous structure. The aver-
age specific surface area of activated carbon is approximately
1000 m?/g. [14, 24].

Most common adsorbates used in SAHPs are water, ammonia,
methanol and ethanol. Ammonia is a positive pressure adsorbate
having boiling point below -10 °C at 1 atm. It can be used with
active carbon and AC fiber. The other adsorbates are vacuum
refrigerants. Methanol is mostly used in ice making applications
due to its low freezing point. It has low adsorption heat and high
latent heat of vaporization. Methanol is a highly toxic material;
this property makes its usage harder. Water vapor could be con-
sidered as a perfect refrigerant, except for the impossibility to
produce temperatures below 0 °C. Water is generally employed
as a pair with silica gel or zeolite.

4.3 Common pairs

The structures and properties of common adsorbents and adsorb-
ates are presented in details in previous section. The affinity of the
pair for each other should be high in order to provide an efficient
adsorption. The most common pairs used in SAHPs are AC-meth-
anol, AC-ammonia, zeolite-water, and silica gel-water.

4.3.1 Active Carbon — Methanol
Active carbon-methanol pair is the most common pair used in so-
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lar adsorption applications because of its high cyclic adsorption
capacity. The pair possesses a high vapor pressure in the ad-
sorbent bed. A higher vapor pressure would result a larger overall
heat transfer coefficient. As soon as the heat transfer coefficient
increases, cycle time decreases. The desorption temperature of

sibility to produce evaporation temperatures below 0 °C and bad
mass transfer performance due to the low working pressure. Due
to the high value of adsorption heat and high desorption tempera-
ture, for a heat source with same power, the cycle time for the pair
zeolite/water is longer than that of other pairs [20].

this pair is low. It has been reported that maximum COP for the
devices using activated carbon

is achieved when it is paired off | Table 1. Thermo-physical Properties of Common Adsorbent-Adsorbate Pairs [25]
with methanol [17]. The work- A“giﬂ?:?n Average Heat | Adsorbent | Energy T
ing temperature range of AC- | Adsorbent — Adsorbate Ca a?:it of Adsorption | Specific | Density Ranp e (°C)
methanol pair is small. Over (k';/kg)y (kJ/kg) Heat (ki/kg) | (ki/kg) 9
150°C, activated carbon would -
catalyze methanol to decom- Zeolite 4A — Water 0.22 4400 1.05 1250 30-350
pose into dimethyl ether. Ac- Zeolite 5A — Water 0.22 4180 1.05 1200 30-350
tivated carbon has a very low Zeolite 10A — Water 0.20 4000 - 897 50-250
thermal conductivity which is Zeolite MgA — Water 0.29 3400 1.06 800 60-250
near to thermal conductivity of Zeolite 13X — Water 0.27 - 0.84 930 20-300
insulation materials.

Zeolite 13X — Water 0.27 3400 1.06 1200 30-350
4.3.2 Active Carbon — Am- Zeolite 13X — Water 0.30 4400 0.92 1290 30-350
monia T B SOSS 0.32 1400 0.9 590 20-140

. ) Methanol

AC — ammonia pair works at
high pressure such as 1.6 Silica Gel — Water 0.27 2560 0.88 1000 30-150
MPa, unlike other pairs. Sys- Silica Gel — Water 0.20 2500 1.045 600 20-130

tems using this pair should be

designed bearing high pres-

sures. Working at high pressure has an advantage as shortening
the adsorption time due to increasing mass transfer. This pair was
not preferable previously, because of toxicity of ammonia and its
irritant smell. And even at low concentrations, ammonia is a cor-
rosive chemical. But recently, activated carbon — ammonia is a
promising pair due to the high cooling capacity of ammonia, good
heat and mass transfer performance and suitability for high tem-
perature heat sources [17].

4.3.3 Silica Gel — Water

Since early 1980s, the work on silica gel — water systems have
been popular and a lot of work was carried out. Silica gel-water is
a low temperature working pair, which can be driven by about 75
°C heat source. Under low pressures, the water uptake in silica
gel is small. Therefore the evaporating temperature should not
be too low. Silica gel-water refrigeration system is better to be
applied in the air-conditioning with large circulation flow rate of
chilled water, where a higher evaporating temperature can be
used [17]. The heat of adsorption for this pair is about 2500 kJ/
kg and the desorption temperature is lower than other pairs. The
maximum adsorption capacity is about 25%, as an average quan-
tity, which is a small amount. And there is an impossibility to work
at temperatures below 0 °C [19].

4.3.4 Zeolite — Water

The adsorption heat for zeolite — water pair is higher than that of
silica gel — water pair, and is about 2700-4200kJ/kg. The zeolite —
water pair is stable at high temperatures. Hence, this pair can be
used to recover heat above 200°C. The disadvantages of this pair
are similar to the disadvantages of the pair silica gel/water: impos-
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The thermo-physical properties of common adsorbent -adsorbate
pairs used in SAHPs are shown in Table 1.

As an overview of Table 1, it could be seen that the maximum
adsorption capacity among all pairs is achieved by AC-methanol
pair. Zeolite-water pair has high heat of adsorption quantities.
The working temperature range is small for silica gel-water pair
due to structure of silica gel. The properties for the pair vary ac-
cording to the type of adsorbent selected. Even the same type
of an adsorbent may vary according to the manufacturer. Silica
gel-water or zeolite 13X-water pairs are presented with different
thermo-physical properties in the table. This is due to the change
on structure of adsorbent in case they are produced by different
manufacturers.

5. Equilibria Equations For Common Adsorbent-Ad-
sorbate Pairs

As it was mentioned before, the equilibrium characteristic of ad-
sorbent-adsorbate can be mathematically presented by isotherm,
isoster and isobar equations. Although isoster is widely used to
show the cycle of an AHP, isotherms may be easier to represent
the behavior of pair at even very low or high pressure and tem-
peratures.

There is no doubt that isosteric and isobaric behavior of adsorb-
ent-adsorbate pairs can be determined from isotherm equation.
The equilibrium characteristic of various adsorbent-adsorbates is
different with each others. That's why a general equilibria equa-
tion has not been found to be applied to all pairs. Generally, a
convenient model, which represents equilibrium characteristic
of pair by the best way, is adapted to obtained experimental re-
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sults. Among different models, Dubinin-Astakhov, Langmuir, and
Freundlich models are the commonly used equations to calcu-
late equilibria for SAHP pairs. Henry’s law and Toth’s equation
models are also used to represent adsorbed amount quantities
in adsorption. Adsorption in micropores is usually calculated by
Dubinin-Astakhov equations. Since zeolite and activated carbon
have microporous structures, the mentioned equation is mostly
used for these pairs. Freundlich equation is commonly used to de-
scribe the equilibria of the pair silica gel-water. There are several
models used in literature to represent the equilibria state of pairs.
The equations mostly used in adsorption pairs are listed in Ap-
pendix section. The coefficients of the equations were estimated
by the data taken from experimental studies, in the literature.

6. Conclusions

Adsorption heat pump is a thermal driven heat pump and re-
quires heat energy to transfer heat from low level to high level
temperature. Solar energy sourced AHP is an improving research
topic since it is an environmental friendly device and has advan-
tages such as: simple control, no vibration and lower operation
costs. The performance of SAHP is influenced by the working pair
used. In order to choose an adsorbent-adsorbate pair, the thermo
physical properties, and equilibrium characteristic of adsorbent-
adsorbate and should be known well. Thus, properties of adsorb-
ents such as thermal conductivity, thermal diffusivity, and struc-
tural features such as pore size, surface area, and pore volume
as well as properties of adsorbates such as latent heat, freezing
point, toxicity, and viscosity should be known.

The behaviors of common pairs are reviewed in this paper. The
study shows that the activated carbon-methanol pair can be used
for ice-making applications, due to low freezing point of methanol.
Its maximum adsorption capacity is lower than zeolite-water pair,
but higher than silica gel-water pair. It is a suitable pair for SAHP
since its working temperature range is low. The heat of adsorp-
tion of this pair is lower than others. So, AC-methanol pair is ap-
plicable except the SAHP applications with energy storage. It is
reported in the literature that activated carbon-methanol pair has
the highest COP quantities in ice-making applications. Due to the
toxicity of methanol, ethanol is used instead of methanol in some
studies. However the efficiency of the device was found to be ap-
proximately five times lower than the activated carbon-methanol
pair. Silica gel-water pair has advantages such as availability of
the refrigerant: and it is preferable due to its low desorption tem-
perature. It is a suitable pair for low temperature sources. It is
widely used in solar air-conditioning. It has low adsorption capac-
ity when compared with other pairs. The pair, unfortunately, is not
suitable for applications under 0 °C, because of water’s freezing
point. Zeolite-water pair is effective at high temperatures. Since it
has high heat of adsorption, it is preferable for energy stored solar
heat pump applications. It has similar disadvantages with silica
gel-water pair as impossibility to work at sub-zero conditions. The
solar cooling systems using silica gel- water, activated carbon-
methanol or zeolite-water pairs should work under vacuum condi-
tions. In the construction of these devices, it is essential that the
system must be completely leak-proof. Activated carbon-ammo-
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nia pair works at high pressures such as 1.6 MPa, the construc-
tion is the refrigerator is easier than those with other pairs. But the
high toxicity and irritant smell of ammonia makes the pair harder
to use in all applications. There are also new working materials
for using in SAHP applications being investigated in recent years.
The composite or consolidated adsorbent technologies are being
studied. The consolidated adsorbents are produced by impreg-
nating salt based chemicals into host materials such as silica gel
or activated carbon. All these studies are performed in order to
produce better adsorbents and thus to increase the performance
of solar adsorption devices.
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Summary

Rising comfort needs and technological developments lead

wide application of air-conditioning systems. A basic adsorption
heat pump consists of four main parts: an adsorber, which is a
container filled with an adsorbent (such as zeolite, active carbon,
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silica gel, etc.); a condenser; an evaporator; and an expan-

sion valve. It is a thermally driven heat pump and requires heat
energy to transfer heat from low level to high level heat reser-
voirs. The heat energy supplied to the adsorption heat pump
can be waste heat of an industrial process, heat of geothermal
energy sources or solar energy. It can be a useful equipment

to increase the performance of thermal systems in industry.
Solar adsorption heat pump has advantages such as the use of
solar energy, being environmental friendly, having no vibration
and lower operation costs when it is compared with mechanical
vapor compression systems. The pairs used in solar adsorption
heat pumps affect the performance of device. So, the selection
of proper working pair is an important investigation topic. As

the pair behavior, the adsorbent and adsorbate properties are
also important separately. In this paper after brief information

on working principle of solar adsorption heat pump, a review

on studies performed on solar adsorption heat pump is done.
The review showed that the activated carbon-methanol pair can
be used for ice-making applications, due to low freezing point

of methanol. It is a suitable pair for SAHP since its working
temperature range is low. The heat of adsorption of this pair is
lower than others. So, AC-methanol pair is applicable except the
SAHP applications with energy storage. Silica gel-water pair has
advantages such as availability of refrigerant and it is preferable
due to its low desorption temperature. It is a suitable pair for low
temperature sources. It is widely used in solar air-conditioning.
It has low adsorption capacity when compared with other pairs.
The pair, unfortunately, is not suitable for applications under 0
°C, because of water’s freezing point. Zeolite-water pair is effec-
tive at high temperatures. Since it has high heat of adsorption
quantities, it is preferable for energy stored solar heat pump ap-
plications. It has similar disadvantages with silica gel-water pair
as impossibility to work at sub-zero conditions. The solar cooling
systems using silica gel- water, activated carbon-methanol or
zeolite-water pairs should work under vacuum conditions. In

the construction of these devices, it is essential that the system
must be completely leak-proof. Activated carbon-ammonia pair
works at high pressures such as 1.6 MPa, the construction is the
refrigerator is easier than those with other pairs. However the
high toxicity and irritant smell of ammonia makes the pair harder
to use in all applications.
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Appendix A.. Equilibria equations used for common pairs
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Zeolite NaX — Water [26]

Three-term Langmuir Equation

q, bP q.b,P q bP
= : o+ 28

g= +
1+bP 1+b,P

3

[+ ¢
9=

i=0

3

i=0 T

1+b,P

b =h, exp[%); (i=1,23)

25
4, =) — g, =0276-q, -4,

g, =0549 D=1617x10" n=2

Coefficients of zeolite NaX-water
a,=0.070 c,=-0.687 b,, = 1.508x10-10 | E, =7726.58
a,=-1.199x102 | ¢, =-7.757x105 b02 =5.417x10-10 E2 =6074.71
a,=6.369x104 | c,=-2.542x105 | b, =1.707x10-10 | E,=5392.17
a, =-8.450x106 | c, =2.775x107
In(P) = a(q) + [b(q)f T] (P in mbar, T in K) (Eqn. 2)
_ 2 3
a(q)=a, +a,q+a,q" +asq
Zeolite 13X — Water [27] . 3
b(q)=b, +bq+b,q” +byq
Coefficients of zeolite 13X-water
a, a, a, a,
13.4244 110.854 -731.76 1644.8
b, b, b, b,
-7373.78 6722.92 5624.47 -3486.7
|n[P}:ﬂ{E1,T:I+ [h{q}f}l‘] P in mbar, T in K) (Egn. 2)
a(q)=a, +ag+aq + ”3‘:"1
b(g)=b, +bg+b,g* +b.g’
Coefficients of active carbon-methanol
a, a, a, a,
Active Carbon —Methanol [26, 27] 203.305 653.035 -166.841 523.793
b, b, b, b,
-6003.58 6315.16 -26058.7 40537.9
Dubinin-Astakhov Equation
P -
g=q,exp| =D T'ln B (Eqn. 3)
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Active Carbon — Ammonia [19]

Dubinin-Astakhov Equation

§ =g, cxp _k[;_ _1] (tan 4

g,=029 k=357 n=138

Silica Gel -Water [26]

Freundlich Equation

) p 1k
d=4q, F (Eqn. 5)

¥

q,=0346 k=16

P.I"P_ " {'2.1 ]zq]"‘”“”“""‘”"‘*’"i.r(zl;'.gl.ﬂ: }IF.ZHJHP1--||J.13U}J (Eqn. 6)

Pin atm

Silica Gel -Water [19]

Dubinin-Astakhov Equation

] n
o =ty €XP— DI:?: |n[ I-‘ ]:l (PinkPa)  (Eqn.6)
P

g, =035 D=6x10" n=17

Saturation Pressure [27, 28]

|E1|::F1 )=a+ b[T.} (Egqn. 7)
Constants for saturation pressure equation
a b
Water 25.1948 5098.26
Ammonia 23.03 2748.39
Methanol 20.84 4696
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PLANLAMADA VE YAPILASMADA YENILENEBILIR ENERJI KULLANIMI VE
GUNES ENERJISI: MEVCUT YASAL DUZENLEMELER, iLAVE TEDBIRLER

Osman iYIMAYA
Bayindirlik ve iskan Bakanligi Teknik Arastirma ve
Uygulama Genel Mudirlugu

Bu bildiri ile planlamada ve yapilasmada, Bayindiriik ve iskan
Bakanligi tarafindan dstlenilen sorumluluklar ve yetkiler tanimlan-
makta, yenilenebilir ve temiz enerji kaynagi olan glines enerjisinin
kullanimini saglamak amaciyla olusturulan mevcut olan yasal ve
yonetsel ydntemler tarif edilmektedir. Ayrica; enerjinin etkin ve
verimli kullanimini saglamak amaciyla olusturulmus olan enerji
kimlik belgesine iliskin bilgiler verilmektedir. Glines enerjisinin yer-
lesmelerde ve yapilarda etkin ve verimli kullaniimasi icin gerekli
yoéntemler tarif edilmekte, iklim degisikliginin olumsuz etkilerinin
en aza indiriimesinde blylik 6nem tasidigi degerlendirilen “Sifir
Karbon Kentler” icin gerekli donanimlar ile ulusal ve uluslararasi
uygulama érneklerine yoénelik aciklamalarda bulunulmaktadir.

Anahtar Kelimeler: Planlama, Yapilasma, Glines Enerjisi, Mev-
zuat, Uygulama

Enerji arz ve guvenligi konularinin yani enerjinin
surdardlebilirliginin saglanmasi icin geleneksel enerji kaynaklari
olan petrol, kdmir ve hatta dogal gaz kullaniminin yerini temiz
ve yenilenebilir enerji kaynaklari olan glnes, rizgar, dalga ve
hidrojen enerjileri almaya baslamistir. Kiresel 1sinma ve iklim
degisikligi; ekolojik dengeleri derinden sarsan, insanlarin olagan
yasam alanlarini daraltan, hizli bir sekilde miicadele edilmesi
zorunlu olan, ¢evrenin ve enerjinin surdurdlebilirliginin - birlikte
ele alinmasini gerektiren diger bir kuresel olay olarak karsimiza
cikmaktadir. Enerji ve cevrenin surdurilebilirliginin saglanmasina
iliskin 6nlemler, bu gline kadar uygulanan yéntemlerin yeniden
ele alinmasini, 6nceliklerin ve tercihlerin gelisen olaylara gére
sekillenmesini, yasamin yeni kosullar da dikkate alinarak bigim-
lenmesini gerektirmektedir.

Sira,

Birlesmis Milletler “Diinya Kentlesme Beklentileri” Raporuna gére
2008 yili sonunda kentlerde yasayanlarin toplam dlnya nifusunun
yarisina ulasacagi 6ngérilmekte, 2050 yilinda ise dlinya nifusunun
yaklasik %70’nin kentlerde yogunlasacagi tahmin edilmektedir [1].
1950’li yillardan itibaren hizli bir kentlesme surecine giren Tur-
kiye’de, Ulke fiziki plani ve bdlge planlarinin olmayisi da, sektérlerin
Ulke genelindeki dagihmini ve kaynak kullanimini olumsuz yénde
etkilemektedir.

Planlarin; sadece fiziksel plan olarak algilanmasi ve yapilimasi,
enerji-ulasim-su-kanalizasyon gibi altyapi elemanlarinin mekansal
planlarile birlikte butlincil olarak planlanmamasi ve planlarin yapim
ve onaylanmasi sureglerinde birden fazla kamu kurumunun yetkili
olmasi, kaynaklarin dengeli kullaniimasina engel olmaktadir.

Zumriit KAYNAK
Bayindirlik ve iskan Bakanligi Teknik Aragtirma ve
Uygulama Genel Mudirlagia

Ulkemizde; ulusal, bélgesel ve yerel diizeyde yerlesmelere
yonelik mekansal politikalarin Uretiimesinde, kamu kurum ve
kuruluslari arasinda esgidimin saglanmasinda, sektorlerin
yonlendiriimesinde, yerlesmelere 6zgu politikalarin tretiimesinde
ve yerlesmelerin mevcut gbsteren envanterin
hazirlanmasi, izlenmesi ve periyodik olarak raporlanmasinda
sorunlar bulunmaktadir. Yerel yoénetimlerin artan gbérev ve
sorumluluklarina ragmen, gerek nitelikli eleman, gerekse proje
acisindan vyetersiz olan yerel yoénetimlerin 6zellikle
planlama, imar ve mihendislik alanlarinda gérev alan personelin
bilgi ve becerilerinin artinlmasinda ve verilen hizmet kalitesinin
iyilestiriimesinde de sorunlar yasanmaktadir.

durumlarini

Gretimi

Sadece kentsel alanlarin degil ayni zamanda kirsal alanlarinda etkin
ve verimli bicimde bdtlinlesik olarak planlanmasi temel ihtiyaclar
arasinda yer almaktadir. Nitekim “Glines Enerjisi Aragtirma Mer-
kezi Proje Koordinatéri Prof. Dr. Rasit Turan; 900 kilometre karelik
bir alanin glines panelleri ile kaplanmasi halinde Turkiye’nin bitin
enerji ihtiyacinin karsilanacagini ifade etmektedir [2].

Bildirinin bundan sonraki bélumuinde; Enerji Politikalari kapsaminda
Bayindirlik ve iskan Bakanligi tarafindan yiiritiilen enerji verimlili-
gine ve gunes enerjisine iliskin ¢alismalar, Bakanligin goérev, yetki
ve uygulamalari kapsaminda aktariimaya galisilacaktir.

Enerji Politikalari Kapsaminda, Planlama ve
Yapilasmada, Bayindirlik ve iskan Bakanhginin
Enerji Verimliligine iliskin Gorev, Yetki ve
Uygulamalari

Enerji ve Tabii Kaynaklar Bakanliginca ¢alismalarina hiz verilen
alternatif enerji modelleri arasinda, glines enerjisinin kullaniminin
yayginlastiriimasina iliskin modellere yer verildigi gérilmektedir.
Séz konusu Bakanlik tarafindan, “Glnes Enerijisi Yasas!” dlzen-
lemelerinin yapilacagi belirtiimekte, catilarda kiremit kullanimi ye-
rine kullanilacak olan Giines Panelleri ile Uretilecek olan enerjinin
500 megavata kadar kisminin, sitenin kendi kullanimina imkan
saglayacag ifade edilmektedir. Uretimden arta kalan kisim ise
devlete satilabilecektir [3]. Belediyeler ile isbirligine gereksinim
olan bu uygulamada, yap! projelerinin hazirlanmasina esas teskil
eden ruhsat asamasinda Bakanlhgimizca da yeni diizenlemeler ya-
pilmasi gerekebilecektir.

Enerjinin etkin kullaniimasi, israfinin 6nlenmesi, enerji maliyetlerinin
ekonomi Uzerindeki yikinln hafifletiimesi ve ¢evrenin korunmasi
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icin enerji kaynaklarinin ve enerjinin kullaniminda verimliligin
artinlmasi amaciyla 2 Mayis 2007 tarih ve 26510 sayill Resmi Ga-
zetede yayimlanan Enerji Verimliligi Kanununda, Enerji yoneticisi
ve sertifikasi tanimlarina yer verilmektedir.

180 Sayili Kanun Hikmiinde Kararname ile kurulan Bayindirlik ve

iskan Bakanliginin gérevlerinden bazilari;

D Cesitlidzellik ve dlcektekiimarplanlarinin, sehiraltyapi tesislerinin
ve siginaklarin projeye esas standartlarini hazirlamak,

D Konut politikasi ilkelerine gére konut yapmak, yaptirmak,

» Ulkenin sart ve imkanlarina gére, en gerekli ve faydall yapi
malzemesinin ekonomik ve standartlara uygun imalini ve
kullaniimasini saglayacak tedbirleri almak, aldirmaktir.

2010-2014 Bayindirlik ve iskan Bakanligi Strateji Planinda; Ba-
yindirlik ve iskan Bakanhginin Misyonu; “lilke capinda siirdiiriilebilir
yerlesme, kentlesme ve glivenli yapilasmayi temin etmek Uzere;
planlama, projelendirme ve yapim hizmetlerine iliskin hizmetleri
teknolojik ve bilimsel gelismelerden faydalanarak duzenleyici,
denetleyici ve katiimci bir anlayisla yapmak, yaptirmak” olarak
tanimlanmistir. Vizyonu ise, “ylksek kurumsal kapasiteyle cagdas
yerlesme, kentlesme ile glvenli yapilasmaya yonelik politika ve
stratejileri belirleyen uygulamalara yén veren ve denetleyen bir
kurum olmaktir.”

Bayindirlik ve iskan Bakanhginda; yukarida tanimlanan gérev,
yetki, sorumluluk, misyon, vizyon ve biling dahilinde yenilenebilir ve
temiz enerji kaynaklarinin kullaniminin yayginlastiriimasi amaciyla
calismalar yurutllmektedir. YdrGtilen c¢alismalarin  kapsami
icinde;

D Surdurulebilir planlama ve yapilasmayl saglayacak olan
yerlesme plani, kentsel tasarim projeleri, vaziyet plani, mimari
ve diger projeler gibi araglarin nasil hazirlanip kullanilacaginin
belirlenmesi ve

iklim degisikligi, yerlesmelerin ekolojik ve cografi yapiya uyumu,
enerji etkinligine yénelik faktorlerin tanimlanmasi gibi Kriterlerin
dikkate alinmasi hususlari éncelikli olarak yer almaktadir.

So6z konusu oncelikler cercevesinde, Eneriji Verimliligi Kanununun
7. maddesi ne dayanilarak, 05 Aralik 2008 tarihli ve 27075 sayil
Resmi Gazetede “Binalarda Enerji Performans Yonetmeligi” ya-
yimlanarak yudrirlige girmistir. Anilan Yénetmelikte 1s1 yalitim,
mekanik tesisat yalitimi, asgari hava sirkllasyonu ve sizdirmazlik,
Isitma ve sogutma sistemleri, havalandirma ve iklimlendirme, si-
cak su hazirlama, elektrik tesisati ve aydinlatma gibi konularin
yani sira yenilenebilir enerji kaynaklarinin kullanimi ve enerji kimlik
belgesine ydénelik hukimlere de yer verilmistir.

Bina igerisinde surekli kullanilacak yasam alanlarinda ve bina-
larin mimari tasariminda giines etkisinin dikkate alinmasi, ik-lim
bdélgesindeki glines, riizgar, nem, yagmur, kar ve benzeri meteoro-
lojik veriler dikkate alinarak olusturulan mimari ¢ézimler araciligi ile
istenmeyen binalarda glines enerjisinden kaynaklanan istenmeyen
Isi kazan¢ ve kayiplarinin énlenmesi, bu amacla pencere sis-
temlerinde 1si ve glnes kontrollli yalittm camlarinin secilmesi,
yeni yapilacak olan ve 1.000 m#nin Uzerinde kullanim alanina
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sahip binalardaki 1sitma, sogutma, havalandirma, sihhi sicak su,
elektrik ve aydinlatma enerjisi ihtiyaclarinin tamamen veya kismen
karsilanmasi amaciyla, hidrolik, riizgar, glines, jeotermal, biyokditle,
biyogaz, dalga, akinti enerjisi ve gel-git gibi fosil olmayan enerji
kaynakli sistem ¢6zumlerinin tasarimcilar tarafindan rapor halinde
ilgili idarelere sunulmasina iliskin hiikiimlere yer veriimektedir.

Ayrica; s6z konusu Yo6netmelik uyarinca yeni yapilacak olan ve
kullanim alani 1.000 m?nin Gzerindeki oteller, hastaneler, yurt-
lar ve benzeri konaklama amagcli konut harici binalar ile spor
merkezlerindeki merkezi i1sitma ve sihhi sicak su sistemlerinde
glines enerjisi toplayicilari ile sistemin desteklenmesi zorunludur.
Toplam kullanim alani 1.000 m? ve (izerinde olan mevcut binalar
ve igletmeye alinan yeni binalar i¢in de Enerji Kimlik Belgesi du-
zenlenmesi zorunludur. S6z konusu belgenin hazirlanmasinda, bi-
nalarin kullanim alani basina dusen yillik birincil enerji tiketiminin,
Aile G arasinda degisen bir referans 6lcegine gére siniflandiriimasi
ongorilmektedir.

Mevcut ve yeni yapilacak birden fazla bagimsiz bélime sahip
merkezi veya boélgesel 1sitma sistemli ve sihhi sicak su sistemli
binalarda, i1sitma ve sihhi sicak su giderlerinin, bagimsiz bélim
kullanicilarina paylastiriimasina iliskin usGl ve esaslari belirlemek
amaciyla 14 Nisan 2008 tarihli ve 26847 Sayili Mukerrer Resmi
Gazetede; “Merkezi Isitma ve Sihhi Sicak Su Sistemlerinde Isinma
ve Sihhi Sicak Su Giderlerinin Paylastiriimasina iliskin Yénetmelik”
yayimlanarak yurarlige girmistir.

Diger yandan; Bakanligimizca “Surdirdlebilir Kentsel Gelisme Stra-
tejisi ve Eylem Plani Hazirlama Projesi (KENTGES)” basta olmak
lzere, ilgili kurum ve kuruluglarin ¢alismalarina temel tegkil etmesi
amaciyla 27 Mayis 2008 tarihinde hazirlik toplantilari ile Kentlesme
Sdrasi baslatiimis, s6z konusu Sdra 04-07Mayis 2009 tarihlerinde
duzenlenen Genel Kurul calismalari ile tamamlanmistir.

Sara sonunda; galisma komisyonlari arasinda yer alan “iklim De-
gisikligi, Dogal Kaynaklar, Ekolojik Denge ve Enerji Verimliligi”
konulu komisyon raporu hazirlanmis olup, toplam 151 kurum ve
kurulustan katilan 356 Uyenin katiimiyla toplanan Kentlesme
Surasinin Sonug Bildirgesinde enerji verimliligi ve glines enerjisi
ile ilgili olarak agagida yer verilen hususlara dikkat ¢cekilmistir.

“Yerlesmelerde enerjinin aktif ve pasif kullaniminda etkinligin ve
verimliligin yUkseltiimesi icin yerlesme ve yapi 6lgeginde plan ve
projeler hazirlanmali, yenilenebilir enerji kaynaklarinin kullanimina
agirhk verilmelidir. Yerlesmelerin planlanmasinda yerel enerji
kaynaklari arastiriimali, enerji butcesi yapilmali, yerel sera gazi
envanteri olusturulmali, sera gazi salinim oranlarinin azaltiimasina
yonelik eylem planlari yapiimali, kent ekolojisi ve yerel iklime uygun
planlama, tasarim ve mimari gelistirimelidir. Glnes enerjisinin
yaygin ve etkin bicimde kullaniminin tegvik edilmesi icin gerekli
tedbirler alinmaldir [4].”

Ayrica Bayindirlik ve iskan Bakanhginda iklim Degisikligi ile ilgili
olarak Calisma Grubu olusturulmustur. Séz konusu ¢alisma grubu,
yaklasik 30 kisilik bir ekipten olusmaktadir. Anilan ¢alisma grubu
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tarafindan, “Bayindirlik ve iskan Bakanhg iklim Degisikligi Eylem
Plan” hazirlik caligsmalari yuritilmektedir. Séz konusu Eylem
Plani ¢aligsmalari; glines enerjisi basta olmak uzere yenilenebilir
enerji kaynaklarinin kullaniminin yayginlastiriimasi, enerji verimli
ve iklim duyarli yerlesme ve yapilagsma stratejilerinin belirlenmesini
amaclamaktadir. Bu amacla yenilenebilir enerji kaynaklarindan
ve Ozellikle glines enerjisinden faydalanmayi ve glines enerjisi
kullaniminin yayginlastiriimasini iceren konu basliklari 6zetle asa-
gidaki gibidir:

D Yerlesme ve planlama sisteminin iklim degisikligi ile miicadele
kapasitesinin artiriimasi

Yap! yaklasma mesafeleri belirlenirken yapi yuksekligi, me-
teorolojik, topografik ve arazi morfolojisisinin dikkate alinmasi
Kentsel sagaklanma (urban sprawl) olusumunun denetim altina

alinmasi

Surdurulebilir/enerii etkin yapi form ve tekniklerinin gelistirimesi
Surddrulebilir, enerji etkin, dogal enerjili, yesil binalarin yapiminin
6zendirilmesi ve yapi malzemelerinin kullaniimasi

Kent planlama ile ulasim planlamasi arasinda esgiidiim saglan-
masi ve ulagsimdan kaynaklanan emisyonlarin azaltiimasidir.

Bakanhgimizca ayrica, glines enerjisinin kentlerde, planlamada
ve binalarda kullaniminin yayginlastirimasinin saglanmasi igin
Bakanlik ici arastirmalar ve incelemeler de yapilmakta ve her turli
gelisme takip edilmektedir. Yapilan takipler kapsaminda, sonug
ve Onerilere gecilmeden 6nce, asagidaki bélimde aktarilan ulus-
lararasi uygulama 6rneklerine g6z atmak faydali olacaktir.

L]

Resim 1. Dongtan Eko-Kent [5]

o
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Ulusal ve Uluslararasi Uygulama Ornekleri

Cin’in 3. blyik adasi olan Dongtan’da enerjinin; rlizgardan, gu-
nesten, biyolojik yakitlardan ve kent atiklarindan elde edilmesi
ongorilmektedir. Kentsel tasarim, planlama, surddrdlebilir enerji
yonetimi, kllturel planlama, atik yénetimi, yenilenebilir enerijilerin
isletimi ve uygulanmasi, ekonomi ve ticari planlamasi, sosyal
kalkinma, surdlrllebilir yapi tasarimi, mimarlik, altyapi, peyzaj
tasarimlari ile ekolojiyi icinde barindirarak yapilan Eko-Kent
Dongtan kent plani [5]; “bltlnlesik kentlesme” olarak adlan-
dirimakta, kisileri ylrimeye, bisiklet kullanmaya veya toplu tagsima
sevk edecek, gurdltinin azalacagi, hava kalitesinin ylkselecegi
tasarim elemanlarini  icermektedir.  Yasayanlarin, cevreye
verdikleri olumsuz etkilerin de farkinda olabilmeleri icin evde kulla-
nilan suyun ve enerjinin miktarini ve karbon gazi Uretimine olan
etkilerini dlcebilecekleri bir sistemin olacagi kentte elektrik, rizgar
tribinlerinden Uretilecektir [6].

Petrol yerine glines enerjili piller ile ¢alisan bireysel hizli ulasim
tasitlarinin  kullanilacag! Birlesik Arap Emirlikler’'nin Masdar
[7] Kent Plani; enerji verimliligi, ulagsim ve yesil bina Uzerine
kuruludur. Batunlesik “Yesil Topluluk” olarak adlandirilan kent
planinda, kentte her bina ve yapinin sirdurilebilir yasama
ve calismaya hizmet etmesi temel olarak alinmaktadir [8].
Masdar Yerleskesi’'nde; glinesin, fotovoltaik pillerin, riizgarin ve
hidrojen enerjisinin, yenilenebilir temiz enerji olarak kullaniimasi
ongoérulmektedir [9].

Resim 2. Masdar Yerleskesi [7]

1.000.000 m2

Resim 3. Zira AdasI Master Plani [10]
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Yalniz rizgér ve glnes enerjisinden faydalanilacak olan
Azerbaycan’in Zira Adasi master plani “sifir karbon yerlesmesi”
olarak adlandiriimaktadir [10].

Estonya’nin Talin kenti yakinlarindaki Paljassaare Yarimadasi,
kent icinde yeni bir kent yaratiimasini éngéren “eko-kérfez projesi”
kapsaminda yeniden planlanmis ve projede; ayni boyutlardaki
geleneksel evlere gore 1si kaybini %70 oraninda azaltan yapi
tasarimlari, Baltik Denizi'nden gelen sert rlizgarlara karsi korunak
saglamak amaciyla kullanilan yapay tepeler, riizgar koridorlarinin
olusma olasiligini azaltan 1zgara sistem, kis boyunca uzun, karanlik
bir ddnem gegiren alanin glines enerjisini maksimize edebilmek icin
birbirinin 6ninl kapatmayacak bina yukseklikleri belirlenmistir [11].

Resim 4. Estonya Eko Korfez [11]

isvec’in Gothenburg kenti de“Stiper Stirdiriilebilir Kent” olarak yeniden
tasarlanmistir. Kentte yapilan master plan, yesil ¢ati bahgelerinden
su ve enerji tasarrufu saglayan yollar, yiksek gines panelleri ve
rlzgar tirbinlerine kadar her seyi icermektedir. Gothenburg’un mimari
mirasindan ilham alinan planda tasarlanan glneye bakan teraslar;
panellerle guines enerjisi kullanma imkéani saglayacak gatilar seklinde
tasarlanmistir. Bu ¢atilarin bir diger ézelligi binalarin isinma ve soguma
ihtiyaclarini azaltiyor olmalaridir [12].

Gecmisi 1939 yilina dayanan San Francisco’daki Calif Adasi’ndaki
yapilarin, Enerji ve Cevre Tasariminda Lider (LEED) Sertifikasi
alan yapilar olmasi 6éngoérilmustar. Diger yandan 2020 yilinda
arazinin %70’ninin glines enerji panelleri ile donatiimasi, glines ve
rlizgar enerjisi Uretimine ydnelik olarak gtinesten yillik 30 milyon
kilovat/saat elektrik Uretilmesi hedeflenmektedir [13]

Kanada’nin Vancouver Adasi’'nin glineyindeki Victoria Kenti, 2012
yilinda nétr karbon kenti hedefi kapsaminda yapilarda, ulasimda,
enerji ve atikta yesil cézimler ile planlanmistir [13].

ingiltere’de Giiney Devon’daki —Sherford, Prens Charles’in
eco-projesidir ve yapilarin blylk ¢ogunlugunda glines enerijili
sistemlerden ve rizgar enerjisinden faydalaniimaktadir [13].

Avustralya’nin ilk “sifir karbon dogal plaji” olan ve 1982’de kuru-

lan Sakh Vadi, glines enerjisi ile calismakta ve yilda 78 ton
karbondioksit tasarruf etmektedir [14].
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Resim 5. Sakli Vadi [14]

Phoenix’e kurulacak olan dinyanin ilk Gines Kenti sayesinde,
glnduz gunes enerjisinden elde edilen enerjinin bir kismi
depolanacak, bir kismi ise gece kullanilacaktir. S6z konusu Glines
Kent Projesinde, evlere kurulacak gines sistemleri ve glnes
tarlalarinin yani sira, jeneratérlerin de gines isisiyla c¢alismasi
6ngorilmektedir [15].

Vatikan’da yaklasik 300 hektarlik bir alanda kurulmasi planlanan
glnes enerjisi santrali ile Uretilen enerjinin, kentin ihtiyacindan
fazla olacag ifade edilmektedir [16].

Kuzey Afrika’nin gilnesinden faydalanmak amaciyla cole
yerlestirilecek aynalar vasitasiyla isitilacak olan su sayesinde,
enerji elde edinimi s6z konusudur [17].

Tayvan’in Kaohsiung Kenti’'ndeki stadyumun catisi ise glines pilleri
ile kaplanmistir. Tamamen glines enerjisi ile ¢alisan ilk stadyum
Ozelligi tasiyan yapida, muisabakalarin olmadigi zamanlarda
Uretilen enerjinin, kentin ana enerji sebekesine aktariimasi
6ngorilmektedir [18].

Singapur'da binalarda uygulanan Yesil Damga uygulamasi, hem

yeni hem de mevcut binalara uygulanabilmektedir. Yeni binalar

icin bu uygulamanin yapiimasinda 5 6l¢it dikkate alinmaktadir.

Bunlar;

D Enerji verimliligi,

D Su verimliligi ,

D Arsa ve proje gelistiriimesi ve yonetimi - (yapi yénetimi ve iglet-
mesi),

D ic mekan cevre kalitesi ve

D Cevresel korumadir [19].

Yukarida aktarilan uluslararasi uygulama érneklerine ilave olarak
Ulkemizde de bazi uygulama 6rneklerini gérmek mimkanddr.

Harran Universitesi Osmanbey Kampusu'nun belirli bélimleri giines
enerjisi ile calisan lambalarla aydinlatiimaktadir. Anilan Universitede
ayrica glnes enerjisi konusunda galismalar yapiimak lzere Glines
Enerjisi Arastirma ve Uygulama Merkezi kurulmustur. [20].

istanbul'da “Akilli Ulagim Sistemleri Projesi” kapsaminda araclara
glnes enerjisi ile calisan ekranlar yerlestirilmistir. Ayrica gliines
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enerjisi ile calisan trafik sinyalizasyonlari kurulmasi icin “Solar
Kavsak” Projesi, Atatlirk Havalimani kavsaginda pilot uygulamasina
gecmigtir [21].

Yine istanbul Esenyurt'ta yapimina baglanan “Solarkent’te kulla-
nilacak enerjinin ise, site icindeki giines santrallerinden elde edil-
mesi 6ngorilmektedir [22].

Zonguldak’ta orman Urlnlerinin kullaniminin azaltilmasi amaciyla
gerceklesen proje kapsaminda, evlerde gunes enerjisi ile su 1sitma
sistemi gelistiriimistir [23].

Canakkale’nin Ayvacik iigesi’ne bagl Balabanli Kéyi'nde de ba-zi
aileler glines ve ruzgar enerjisi kullanarak kendi elektriklerini ken-
dileri Uretmektedirler [24].

Kocaeli’'nde Dogu Kisla Parki, Ankara Yenimahalle ilgesindeki
Glnes Egitim Parki ve Kayseri'de bazi parklar glines enerijisi ile
aydinlatiimaktadir [25].

Sonug ve Oneriler

Yukarida aktarilan aciklamalar ve érneklemeler; enerji dengelerinin
yeniden bicimlendigini, enerji politika ve 6nlemleri ile insanlarin
yasam bicimlerinin ve aliskanliklarinin hizla degismeye basladigini,
konunun ¢ok sektorll,
politik kararlari birlikte ele alan uygulamalarla genisletildigini ve
uygulamalarin 6zelikle gelismis ulkelerde buttincul bir yaklasimla
ve kent dlgeginde ele alindigini géstermektedir.

cevresel, sosyo-kultirel, ekonomik ve

Mekansal ve fiziksel strateji kararlarinin, glines enerjisi basta
olmak Gzere tum yenilenebilir enerji politika ve dnlemleri ile birlikte
esgldim icinde yurttulmesi icin gerekli olan uygulama araclari,
Bayindirlik ve iskan Bakanligi tarafindan kuvvetle desteklenmekte,
yasam alanlarinin saglik, givenlik ve refah dizeyinin en st
dlizeyde tutulmasinda 6nemli yere sahip olan dizenlemeler
konusunda 6zen gdsterilmektedir.

Enerji verimliliginin ve enerjinin etkin ve verimli kullaniminin ve
bunun bir yasam bi¢imi haline dénusiminin saglanmasinda;
konunun sadece yapi ve tesis/santral 6lceginde degil, kirsal ve
kentsel alanlarda yapilar arasi iliskinin saglanmasi, dogal kentsel
klima dikkate alinarak yapi adasi ve parsellerin konumlandiriimasi,
peyzaj alanlarinin belirlenmesi, yol ve benzeri teknik altyapi karar-
larinin veriimesikonularinin planlamaasamasinda degerlendirmeye
alinmasi ve tedbirlerin de planlama asamasindan itibaren alinmaya
baslanmasi gerektigi acikca ortaya ¢ikmaktadir.

Adi ister “Glnes Kent”, ister “0 Emisyon Kent’, isterse “Ekolojik
Kent”, her ne olursa olsun, diinyadaki iyi uygulama 6rneklerinin
referans alinarak yeni bir planlama ve yapilasma anlayisina ve
uygulamalarina gecilmesi gerekmektedir. Gelecekte kentsel ve
kirsal alanlarda yapilacak olan Planlarda, Uygulama Projelerinde ve
Binalarda, gtines enerjisinden maksimum derecede faydalanmayi
saglamak ve sera gazi emisyonlarinin azaltilmasi igin dikkate
alinmasi gerektigi distnulen Gokkusagi renginde 7 temel husus
asagida siralanmistir:

PROCEEDINGS BOOK fuiue

1. Enerji verimliligini artiracak ve Guines Enerjisi dahil mevcut tim
yenilenebilir enerji kaynaklarinin kullanim ve degerlendirme
kriterlerini icine alacak ulusal planlama ve strateji gelistirme
belgesi/master plani ile glines, rizgar ve dalga gibi yenilenebilir
enerji kaynaklarinin yer secimine iligkin kararlar, barajlar ile
diger enerji kaynaklarinin degerlendirilmesi ve kullanimini sag-
layici tedbirler yer almahdir.

2. TUm yenilenebilir enerji kaynaklari dahil Gunes Enerjisinin
etkin ve verimli kullanimi konusunda yerel idareleri yénlendirici
planlama ve koruma-kullanim stratejileri, mekansal planlamaya
dairmevzuatile beslenmelive bu stratejiler ivedilikle uygulamaya
gecmelidir.

3. Plan ve projenin uygulamaya gecilmesinde katalizor etkisi
yaratacak paydaslar, proje iginde yer alan faaliyetlerin bir fayda-
lanicisi ve ortagi haline getirilmelidir.

4. Doganin igcinde var olan ve bize sunulan tim sartlar (gines,
toprak, su, rizgar, 1s1 degisimleri, hava akimi), yasam kalite-
sinin artirnimasini saglayici bicimde plan ve projeler ile bu-
tunlestiriimeli, alternatif ve yenilenebilir enerji kaynaklarinin
(gunes, jeotermal, rlizgar) herhangi birinden veya bir kagindan
faydalanmayi saglayan sistemler plan i¢inde kurgulanmalidir.

5. Yapi kiimelerinin yon, ylkseklik, cati egimleri ve yapilar arasi
mesafelere, glines enerjisinden en iyi derecede faydalanmayi ve
yasam kalitesinin artiriimasini saglayici dogru yénlenme, mekan
organizasyonu ve pasif tasarim 6gelerine yer verilmeli, iklime
ve enerji verimliligine uyumlu tasarim kriterleri belirlenmelidir.

6. Binalarda toprak isisindan, glin isigindan ve glines enerjisinden
maksimum derecede yararlanmayi saglayici, temiz ve yenile-
nebilir enerji kaynaklarini yapinin genel sitemine entegre edici,
yapilarda kullanilan enerjinin etkinliginin ve verimliliginin ylksek
dlzeyde olacagi yapi adalari siniflandiriimali ve buna uygun
plan ve projeler Uretilmelidir.

7. Ekolojik kent ve yerlesmeler, uluslararasi uygulama 6rnekleri
referans alinarak Ulkemizde de uygulamaya gegilmeli ve uy-
gulama asamasinda butunlesik ve sektérler arasi uyum dikkate
alinmahdir.

Uygulama &rneklerini ve ydntemlerini gelistirmek muimkindur.
Ancak 6nemli olan, plan ve projelerin enerji verimli ve etkin, cevreye
hassas ve iklim duyarli olmasini saglamaktir.
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Renewable Energy Usage And Sun Energy In Planning
And Building: The Existing Legal Structure, Additional

Pol

The

icies

re is a great need to handle methodologies, priorities and

choices of the policies on sustainable energy and environment.
With this respect, life styles should be formulated regarding to new

eart

h conditions. This paper aims to describe the resposibilities and

duties of The Ministry of Public Works and Settlement in regard to
clean and renewable energy sources, especially about sun power.

Ano

ther objective of this paper is to explain existing legal and

regulatory framework of the Ministry about the usage of renewable
energy sources on Planning and Building & Construction Process.

Whi

le doing this, Energy Certificate of Identitty for Buildings is

clarified. The necessary models for planning and building are
defined to make energy effective and efficient. The examples from
international Eco-Cities and National practices are given with the
objective of sun energy.
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While preparing this paper, besides the internet information
network, the Startegy Plan and Summit on Urbanization done by the
Ministry of Public Works and Settlement is given as a reference.

The key words of this paper are: Planning, Building, Construction,
Sun Energy, Legal Structure and Implementation.

According to the National and international definitions, explenations
and examples done in this paper, life styles, life quality and habits
have been changing. As sun energy and renewable energy usage
are environmental, multi sectoral, cross sectoral, economic and
social aspect, implementation methods should be determined
in an integrated manner under the urban scale. That integration
means, integration with energy, environment, policy making,
implementation for all sectors with coordination.

Whether there is a must for the energy efficiency and effectiveness
and whether that should be turned in a life style, then, such an
important and crutial object would not be taken in a consideration
as a plant construction. The relationship between buildings, climatic
conditions, transportation and other infrustructure elements should
be taken into account in rural and urban areas. At that point, all
the decisions and policies should be taken with the beginning of
planning process.

At the end of this paper, it is concluded that, it does not matter
whether its name is Sun City, 0 Emmission City or Eco-City. The
matter is giving reference to best practices in the world there is a
great need for the planning and building vision and implementations.
The future settlements’ plans, projects and buildings in urban and
rural Areas should be planned to maximize the benefits of Sun
Energy and to minimize the Green House Emmisions. To do so;
seven proposels are suggested like rainbow colors.
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