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Overview

How can you describe and analyse a PV system!

Why is System performance over lifetime
so important for our customer and the PV industry?

How can you achieve an @ annual Performance Ratio
(PR) of 0.80

What can we learn from Japan and the
automobile industry?

The Evolution of PV systems
from 1991 to 2005 Conclusions and Outlook
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IEA - PVPS TASK 2 Provides...
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* Network of |7 experts from |3 countries:
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The Footprint of Performance Database

Benchmarking the PV World
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The Footprint of Performance Database
Benchmarking the PV VVorld
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The Footprint of Performance Database
Benchmarking the PV World
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IEA-PVPS Task 2
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~Information on over 505 PV plants in 21
=countries worldwide with 13.5 MW
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@3 .\ To Describe and Analyse a PV System: you
¢ %2 need several Elements of Data ...

Module
Efficiency

[ 7]

[kWh/KWp a]

System, Capital, Yield

Maintenance Cost
[7% of Invest/year]

Performance
Ratio [7]

Cost of
PV Power

[€/KWh]
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IEA INTERNATIONAL ENERGY AGENCY
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COST AND PERFORMANCE TRENDS IN
GRID-CONNECTED PHOTOVOLTAIC
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Interface in

English
French
German
Italian
Japanese
Spanish

@z‘ Survey on www.iea-pvps-task2.org

"" June 2005 - December 2006

10

IEA-PVPS Task 2 Subtask 6
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Number of PV Systems analysed:
- From the |IEA PVPS Performance Database
- From the T2/6 Economic Survey

S Total Average Total
Nr.of |  Built e %" | Nominal | Nominal
Operational | Operational
systems | between Vi e T Power Power
[kW] | [kW]
Performance 199 -
Data from 17 | 46| 3.3 1'544 27.7 | 12322
Counties 2006
Economic 199 .-
Data from | 527 -- -- 21 0 0lF063
| | Counties 2006
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@3 .\ To Describe and Analyse a PV System: you
{ 22 need several Elements of Data ...

Module
Efficiency

7]
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 The Evolution of the Module Efficiency
g NERTY

® Crystalline cells

Nominal module efficiency [--]

Amorphous cells =~

0 | |
19890 = 19825 = 984" " 1986: 1998 o 2000 2002 2004 2000

Year of construction

1991 o N= 11.5% => 2005 @ n = 13%, best case 14%
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~ To Describe and Analyse a PV System: you
2" need several Elements of Data ...

Module
Efficiency
[7]
Inverter
Efficiency Performance

YA Ratio [7%]
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The Evolution of the Inverter Efficiency
N = 331

Operational inverter efficiency [--]

1996 1998 2000 2002 2004 2006

Year of construction

1991 @ PR = 0.89 = 2005 ¢ PR = 0.94, Best Case = 0.94
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_ The Evolution of the Performance Ratio
f N =461

O
©

Performance ratio, PR [--]

0.3 . . ;
1990 1992 1994 1996 1998 2000 2002 2004 2006

Year of construction

1991 @ PR = 0.64 = 2005 @ PR = 0.74, best case 0.84

IEA International Energy Agency Photovoltaic Power Systems Programme - PVPS -Task 2
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How can you achieve g Performance
Ratio (PR) of 0.80 for your PV system!

® Realistic, truthful module ratings

® No shading problems

® Better inverter availability and efficiencies

® Higher system availabilities, no long repair times

® Fault detection and monitoring of the systems
increase the overall performance

IEA International Energy Agency Photovoltaic Power Systems Programme - PVPS -Task 2
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~ To Describe and Analyse a PV System: you
)" need several Elements of Data ...

Module
Efficiency
System and Yield
Maintenance Performance
Ratio

IEA International Energy Agency Photovoltaic Power Systems Programme - PVPS -Task 2
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N =461

Outage per system, O [--]
Outage, average, O [--]

1990 1992 1994 1996 1998 2000 2002 2004

Year of construction

1991 ¢ 0.03 = 2005 ¢ 0.01, best case 0.00!
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@8\ The Evolution of the Failure Rates

B Case stu dy by Japan
N =725

no failure

88%
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B\ [ he Evolution of the Failure Rates
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Case study by Japan
N =725

Repair Cost, [1 000 JPY]

[ ] Nil
[] 50to 99
| | 100 to 199

| | 200 to 270
[ ] unknown
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Figure 43, Distribution of the actual repair costs (in 1 000 JPY) from 86 reported cases of 725
Japanese PV systems.
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@3 . [he Evolution of the
a ¥ Failure Rates

Power Conditioner
BOS
Module

50% of all
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How is a mature industry treating its recall?

Battery Recall
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TNC PV systems learning-curve: 1989 - 2007

| 07IW Module [CHF/Wp] ™ Inverter [CHF/Wp] [l BoS [CHF/Wp]
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Total plant cost [USD /W], 2005

0 - .
1991 1993 1995

:
'

The Evolution of the System cost

N =527

all Systems

1997 1999 2001 2003 2005 2007

Year of construction

1992 & 16 US$/VWV = 2006 ¢ 8 US$/VV -50%,
Best case 6 US$ - 63%!
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== Annual yield — three main groups

Systems
461 grid-connected PV systems 1991 - 2005 from |7 countries.
Mainly domestic roof-top systems smaller than 10 kWV.

Annual yield — three main groups
- Israel and southern Japan  Yf = | 400 kWh/kWp

- Florida, USA, Yf =1"000 kWh/kWp
- Central Europe Yf= 900 kWh/kWp

IEA International Energy Agency Photovoltaic Power Systems Programme - PVPS -Task 2
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A typical gridconnected PV system
o 1991 and @ 2005 and best case 2005.

Nominal module efficiency [NAO] 1.6} 12.9 | 14 %o
Operational inverter efficiency [Nnl] 89 924 94 %
Outage (O) 0.03 | 0.0 0 /a
Performance ratio (PR) 064 | 0.74 | 0.84 | PR/a
Overall PV plant efficiency [ntot] 74 | 2.5 [ 1.8 | %
Improvement OO 294 LS8 M= 95
Cost 16 8 6 |US$/W

IEA International Energy Agency Photovoltaic Power Systems Programme - PVPS -Task 2
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¥ The evolution of PV 1991 - 2005

* PTonday
The increase of the @ module efficiency in the survey is
surprisingly low 11.5% - 13% (without thin-film modules!)

® Juesday
The @ plant performance annual PR increases 0.64 to 0.74.

® \Wednesday
The @ inverter efficiency is improved from 89% to 94%.

® [hursday
The reporting on outages and the type of failure is minimal.
The PV industry should learn from the automobile industry.
Zero Recall can not be achieved!

IEA International Energy Agency Photovoltaic Power Systems Programme - PVPS -Task 2
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B The evolution of PV 1991 - 2005

* Friday
Significant finding is a clear trend towards lower system cost
over time from 1991 to 2005 - 50% (best case -63%)!

e Saturday
Performance, reliability and cost data of PV systems are most
important for a broad PV implementation and dissemination
strategy in future.

Our products have a reliable and sustainable reputation.
Ve have to ensure the quality of the components and the
systems even in a fast growing PV environment!

Quality and education is the key.

IEA International Energy Agency Photovoltaic Power Systems Programme - PVPS -Task 2
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