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HOW TO EVALUATE PV SYSTEM PERFORMANCE ?

Jefferson Bor, Project Manager
Group PV Power Plants
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B Fraunhofer ISE Concept for evaluating the quality of PV power plant
M Focus on expectation and actual value
B Modeling & Measurement

B What requirements must be meet to support the evaluation?
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Fraunhofer Evaluation Concept
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Vorführender
Präsentationsnotizen
我們和VDE共同認證，Fraunhofer本身科研機構不能進行認證
無法通用
反映時間慢
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Fraunhofer Evaluation Concept
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Fraunhofer Evaluation Concept
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4@ 3k 1 & Evaluation of Quality of PV Power Plant
% %3 ik System Performance
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4@ 3k 1 & Evaluation of Quality of PV Power Plant
% %3 ik System Performance
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#ﬁ’%i&’ﬁ% Evaluation of Quality of PV Power Plant
% &3 #¢ System Performance
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4 € 3% ;1 £ Evaluation of Quality of PV Power Plant
M 47 £ 49 B 4% The Goal of Evaluation
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Modeling AR AT IRH" R G2 AR

If the predicted or measured
value is not correct, how can
=¥ = "

22X 3K A we ,evaluate” the

Measurement performance?
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4@, 3k 1 £ Evaluation of Quality of PV Power Plant
A F 8 RE & & - #1-F 1 Different System in Modeling-Example 1
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4@, 3k 1 £ Evaluation of Quality of PV Power Plant
BA a8 RE & & - #1-F1 Different System in Modeling-Example 1
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4 € 3% ;1 £ Evaluation of Quality of PV Power Plant

BA P RE &4 - #-F1 Different System in Modeling-Example 1

Gtlt
3.7%

Feed In

Shadow

Reflection

Spectrum

Irradiance

Temperature

Mismatch

DC-Wiring

Inverter

AC-Wiring

World Map of Képpen—Geiger Climate Classification  Mainclimates  Precipitation  Temperature
updated with CRU TS 2.1 temperature and VASClimO vL.1 precipitation data 1951 to 2000 A: equatorial Wi desert h: hot arid F: polar frost
B: arid S: steppe k: cold arid T: polar tundra
‘ ‘ | _ ‘ - C: warm temperate : fully humid a: hot summer
Af Am  As Aw  BWK BWh BSk BSh Cfa Cmh Cfc Csa Csh Csc Cwa D: snow s: summer dry b: warm summer
E: polar w: winter dry c: cool summer
Cwb Cwe Dfa Dfb Dfe Dfd Dsa Dsb Dsc Dsd Dwa Dwb Dwe Dwd EF ET m: / d:
an =160 —140 =120 -100 80 —60 —40 -20 0 20 40 60 80 100 120 140 160 180
Resolution: 0.5 pr of April 2006
£% E Climate zone 4418 A Tilt angle
/\‘g&
- i <=5° <=15°  >15°
class
y 24 tropical A 1.0 % 0.5 % 0.5 %
$ #R A% arid B 4.0 % 4.0 % 4.0 %
B % K 4% Temperate climate cf 20% 1.0 % 0.5%
10/
Cs/Cw  25% 1.5 % 1.0 %
i frigid Df 2.0 % 1.0 % 0.5 %
40
Ds/Dw 3.0 % 2.0 % 1.5 %
A% [ Polar E R d & To be defined i € Btk

hittp /gpee dwd de.
http://koeppen-geiger. vu-wien.ac.at

—90 160 —140 —120 -100 -80 -60 -40 -20 0 20 40 60 S0 100

120 140 160 180

b, and F. Rubel,

2006 Warld Map of Koppen-
80 Geiger Climate Classification
updated. Mereorsl. Z,, 15, 259-263

16

\

~ Fraunhofer

ISE


Vorführender
Präsentationsnotizen
這張表格也只是一種初步的歸類
實際在定義模型時還有非常多因素需要考慮



4@, 3k 1 £ Evaluation of Quality of PV Power Plant
BA e RE & & - #-F2 Different System in Modeling-Example 2
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#4- %35 & Evaluation of Quality of PV Power Plant

M X % &k B A TE Regulation for Measurement Devices

)X K &

Sensitivity
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Zero offset a (unventilated)

Wind speed range
Wind direction accuracy

Accuracy (temperature)

Accuracy (hygrometer)

Other

20 pV/W/m?
0 to 4 000 W/m2

< 7 W/m?2

0 to 50 m/s
3°

* 0,1°C @ 23°C £ 5°C
<3% RH (0-100% RH)

With radiation shield

18

© Fraunhofer ISE

\

~ Fraunhofer

ISE



\

36 9 E % — VDE NiEAR B Z Fraunhofer [Vy=
Fraunhofer - VDE Verification Standard ISE |cmigmens

Concept & Design
Safety

'erformance

ID. 49000000

- 56 08 B4 5 TR OB 4 T AR R AR T — B — L4 38
R - AARRIE FEE P, AR R R A SRR AR B 5 A R (o R

T2 E)-FHEA3I% A LR E

o RBIE KX "Zenit" R BARA g AE A & At 5 PRIUAEIRIE

# G RE IR
Performance Evaluation

ARFEIEC 61724 ++ H 2 A A% F 2 5RR
EAREERERA, LA HEZPRIATRTE 5E TZenitB A AN 6¢9PRIAAE £ 421 T3%
o BRI TR E %R £ 690 R S B N L AIRIE R S HAT B P e L

19

\

~ Fraunhofer

ISE



% 9)5] E X it & it A Fraunhofer Evaluation Concept

B 54 & Pros and Cons
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BRSS!

Thank you for your Attention!

Fraunhofer Institute for Solar Energy Systems ISE

SEEg Jefferson Bor

www.ise.fraunhofer.de

Jefferson.bor@ise.fraunhofer.de
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Vorführender
Präsentationsnotizen
Energy Dream Center, Seoul, Korea
Multicrystalline Silicium Solarzelle
Hail test stand (solar thermal evacuated tube collectors)
 >99% inverter
Concentrator Photovoltaics (CPV)
Solar hydrogen fueling station at Fraunhofer ISE, opened in 2012
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Vorführender
Präsentationsnotizen
Visual inspection for that plant means …
That makes clear, Today, quality of large scale PV plants is also differentiated by design and manufacturing. State of the art system engineering requires standardized plant units with sophisticated design for efficient and flawless construction.
100% testing is possible neither on component nor on system level. 
If absolut certainty is unfeasible, the question is “how much testing is enough”, what are the most important quality measures and finally the key figures to access a PV plant?
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Vorführender
Präsentationsnotizen
Visual inspection for that plant means …
That makes clear, Today, quality of large scale PV plants is also differentiated by design and manufacturing. State of the art system engineering requires standardized plant units with sophisticated design for efficient and flawless construction.
100% testing is possible neither on component nor on system level. 
If absolut certainty is unfeasible, the question is “how much testing is enough”, what are the most important quality measures and finally the key figures to access a PV plant?
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Vorführender
Präsentationsnotizen
Visual inspection for that plant means …
That makes clear, Today, quality of large scale PV plants is also differentiated by design and manufacturing. State of the art system engineering requires standardized plant units with sophisticated design for efficient and flawless construction.
100% testing is possible neither on component nor on system level. 
If absolut certainty is unfeasible, the question is “how much testing is enough”, what are the most important quality measures and finally the key figures to access a PV plant?
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Vorführender
Präsentationsnotizen
Visual inspection for that plant means …
That makes clear, Today, quality of large scale PV plants is also differentiated by design and manufacturing. State of the art system engineering requires standardized plant units with sophisticated design for efficient and flawless construction.
100% testing is possible neither on component nor on system level. 
If absolut certainty is unfeasible, the question is “how much testing is enough”, what are the most important quality measures and finally the key figures to access a PV plant?
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Vorführender
Präsentationsnotizen
Visual inspection for that plant means …
That makes clear, Today, quality of large scale PV plants is also differentiated by design and manufacturing. State of the art system engineering requires standardized plant units with sophisticated design for efficient and flawless construction.
100% testing is possible neither on component nor on system level. 
If absolut certainty is unfeasible, the question is “how much testing is enough”, what are the most important quality measures and finally the key figures to access a PV plant?



Testing during Final Acceptance Test
Short-term Performance Check of the PV Plant

Independent performance verification in 3 steps:

1: Model of the plant as built

module and inverter characteristics plant construction
e.g. temperature and irradiance dependence, efficiency e.g. orientation, tilt, shading and wiring losses

2: Validation of PV plant monitoring sensors (Irradiance and temperature)

1200
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Fig. 1: Measured irradiance of ISE (red) and client (blue) sensor Fig. 2: Comparison of ISE and client pyranometer values
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Testing during Final Acceptance Test
Short-term Performance Check

3: Plant performance: modelled vs. measured data

on-site measured irradiance and
temperature data

PV plant
model

comparison and results

v
modelled PR

PR

140 Performance!Ratio [%] . ! ! Irradi!ation [kl-‘L"a‘a,;'mz! day] 1
2oL ] =& PR actual: 82.4% e—e PRexpected:84.1% -
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Day

B Comparison of actual (measured) and
expected (modelled) PR
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Levelized costs of energy and quality (1

.

| @ +1
cost of produced electricenergy ~ ° “AF (1+r)

LCOE = ,
produced electric energy (1£ d ) )
1+ r
LCOE  HfiZHEA Levelized cost of energy quallty sensmve
ly WIHETE % initial investment for power plant MR EFZEVIERSE
Co IR AR AN annual operation & maintenance cost
n A= A 5 HH service life
[ 1 R annual inflation rate
r G =22 annual discount rate
Rp #EPRE initial Performance Ratio of power plant
NsTc #EEH A3 (STC) initial module efficiency (STC)
E, H-PmFErEiEE  yearly sum of energy irradiated on module plane
d FEE R annual degradation rate
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Vorführender
Präsentationsnotizen
if you look to the LCOE equotion in general we find several parameters - especially with regard to the produced energy - are highly sensitive to the quality of components and the plant as a whole



.

75 B BB = R 1E Quality Assurance for utility scale PV plants
M2 HERI TN YT EE Measured compared to predicted PR and yield

GHI: +5.3 GPOA: +5.3 PR: -0.6 Yield: +4.5

NEEZGE AL Result

W FIPRES SR SEFR N S AE =
W&
On average very good

agreement of measured and
predicted PR

B RIREAT A R T PHE

Irradiation and yield
remarkably higher than
predicted

Ve EAH Basis
W 25k K SR SR = 5 e

25 PV Plants with 5 years highly
accurate data

L1 - - TR SR T | ST S S T S -
294940 .5 0 940499045940 5 O 94049904940 5 0 94049904940 5 O 9404570

Deviation [%] Deviation [%] Deviation [%-p.] Deviation [%]
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Vorführender
Präsentationsnotizen
Für unsere Kunden vergleichen wir regelmäßig die Vorhergesagten und tatsächlichen Ergebnisse


SRR (BB T E SR BTN ?

How to reduce uncertainty and financial risk?

B TR E S SR B A DL 77 70K Uncertainty and risk can be lowered by

SENE g e PV plant portfolio
R HARR Adjusted investment period

SIS 2 M S B A Laboratory and on-site testing

1 B.Mdiller et al. , Investment risks of utility-scale PV: Opportunities and limitations
of risk mitigation strategies toreduce uncertainties of energy yield predictions”,
42. |[EEE PV Specialists Conference, New Orleans (2015)

B FRIE 204 TN A By 2 FEE 28 B HEHE SR G 45 R
20-year prediction for individual plant Portfolio and adjusted investment period
= 120 +5.6% +8.1% +12.9% g 120 +1.0% +9.8% +5.3%
= o
= 9 %i 110
B I
< 100 ]...,“ < 100 R
% $oe ® o0, e o ke - + Cee, °
S 90 — 290
S [
2 80 g 80
<L <
70 70
0 5 10 15 20 0 5 10 15 20
Years of operation Years of operation
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25 R 5K Modelling and Testing on System Level
EE T HA /G HA M BERA = short-term performance check

FEEMERE: LT vs. Il E LR

Plant performance: modelled vs. measured data
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