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TASK 13: PERFORMANCE AND RELIABILITY OF PV SYSTEMS

Improving Efficiency of PV Systems Using
Statistical Performance Monitoring
IEA PVPS TAsk 13 WorksHOP AT EU PVSEC 2017; AMSTERDAM, THE NETHERLANDS

Mike Green (M.G.Lightning Ltd. (ISR))
Eyal Brill (Decision Makers Ltd. (ISR))
Birk Jones (Sandia National Laboratories (USA))
Jonathon Dore (Solar Analytics Pty Ltd (AUS))

al Ministry of Energy & Water Resources
D’Dl 2’AN1IXN TYUWD

M.G.LIGHTNING &
ELECTRICAL ENGINEERING



IEA INTERNATIONAL ENERGY AGENCY
PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

E{ali'_.l :

IEA INTERMATIONAL ENERGY AGENCY

e

Improving Efficiency of PV Systems
Using Statistical Performance
Monitoring

Report [EA-PVPS T13-07:2017 WWW.pr re dict. com

é%} Ministry of Energy & Water Resources
&  D'Dal 0’ANIXN TYWD

LIGHTNING (/
ELECTRICAL ENGINEERING g



IEA INTERNATIONAL ENERGY AGENCY
PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

e

Sl

Sydney

09:00 AM 18:00 PM 01:00 AM

Ministry of Energy & Water Resources

iizj D’DAl A’ANIXN TYWD M.G.LIGHTNING

.
ELECTRICAL ENGINEERING 89"




PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

'200;79N NV )

L

NN = NIy

n=P,/P,

TVAIN 0'1o
il 0"710
NO1DIN 27T NIND

NNIN
P1 n'mwn
A T OAT

TN

wnw

N'ANIRT

n'men

W 0T

ig} Ministry of Energy & Water Resources
D’DAl 2’AN1IXN TN

n

=7
AN nw
(q2nn) .| Tnwnin
AN
n'nwn P
nnn 'ein onr 2
TAUR ANNID TNUND NIND
n'mmwn
T OAr
oty
I'a17'n

M.G.LIGHTNING #F

ELECTRICAL ENGINEER



IEA INTERNATIONAL ENERGY AGENCY

PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

2124 kWh/m?®

+8.3%
-0.3%

-2.9%

&} -2 6%

2227 KWhim?* * 728 m* coll.

efficiency at STC =13.7%
221258 KWh

Pérformance Ratio = “PR”

(NI'7°X3) yix'an on' - PR

Horizontal global irradiation
Global incident in coll. plane
Horizon shading Factor on global
IAM factor on giohal &=
Effective irradiance on collectors
PV conversion

efficiency at STC = 13.7%

PV loss due to irradiance level €=

yan XY nang apy
ATNN — D'RNN X
"2 7912 IX DD
D'NN

R

31 7190 ni'rya apy
—= STC2 2nXINnNnN
71N AAXN NN

171373 /221258 = 0.77

i

PV loss due to temperature

-11.3%

-3.2%

-2.1%
-0.9%

"Dwixaan ont™
[ 1] [ 1]
n'on' N7y IN
179317 KWh

-4 4%
0.0%

-0.0%
0.0%

-0.0%

171373 KWh

Ministry of Energy & Water Resources
D’Dal 2’a71Ixn TWUD

24

79002 NI'VO A7V
7290 ¥ 2nXInn

Module quality loss <

Module array mismatch 1055 G
Ohmic wiring loss
Array virtual energy at MPP

Vx| n'wion
TVna 07190 v

2un ni2'yo 2y
I'nn 190N

Inverter Loss during operation (efficie

Inverter Loss over nominal inv. power
m7nnn DOt Annn DOt

Inverter Loss due to power threshold
ann v

Inverter Loss over nominal inv. voltage
NN 7yn NNn Ay

Inverter Loss due to voltage threshold

Available Energy at Inverter Output NNNN NN 2y

DN 1'nY

VI.G.LIGHTNING

ELECTRICAL ENGINEERING NP




IEA INTERNATIONAL ENERGY AGENCY

PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

» Performance Ratio
» Temperature Corrected PR

1oy

28/03/2014 16:48

Stanesti Park

12?4"{: 0
_ @

[189.10 VWim*2 |
113.88 KW

i 196.62 WimA2

115.67 KW

_"- ! |u.g_5

@ 198.18 Wim*2

18 72 KWW

B [ (o]

o m 3

Stanesti-MWSE

| 246.10 Kw |

Eiﬂ Ministry of Energy & Water Resources
2 DDAl 0’ANIXN TYWD

f_@wg 10 VWim#2

[119.82 KW |
201.86 Wim»2
120.05 KW

E_: 202.20 Wim*2

118.92 KW

188.98 Wim~™2
118.75 KW

195.08 Wim*2 |

[0.95 @ 201.25 WimA2
[125.55 KW |

[0.96]  [agm[200.39 Wim~2 |
126.92 KW

0.97 . 197.44 Wim"2

125,73 KW

YEe 202,34 WimA2 |

127.18 KW

G.LIGHTNING (
ELECTRICAL ENGINEERING { y



IEA INTERNATIONAL ENERGY AGENCY
PHOTOVOLTAIC POWER SYSTEMS PROGRAMME

> String Monitoring
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The Motivation

Utility Grade PV:
* High level of predictability
* High level of availability
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The Motivation

Across Europe by
Capacity:

...but the story is residential

Residential
Commercial

16

Industrial

® Ground Mounted

19% 32%/ Australia: 1.6M systems
under 10kWp

California: >200,000 systems
under 10kWp
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The Motivation
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The Motivation
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 Smart Monitoring for Residential Solar
 Machine Learning for Fast Fault Recognition

* Fault Prediction Using Clusterlng/AHgorlthms

Msairnal
Distribution

+ Fault Detection Using Artificial Neural \
Networks e e e
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* Monitor mounted in the household electrical
panel

 Australian NWS =>Meteo data and satellite
maps

Power Statistical Weather Client
Meter Algorithms Data Interface
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Smart Monitoring for Residential Solar

System parameters:
— Location
— PV module type
— Inverter type
— PV module orientation
— PV module tilt
— String configuration
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« Generation Estimation

* Real-time monitoring - day end evaluation

 Performance losses:
— Shading
— Inverter clipping

10000

— Power Factor correction o

— Degradation -
— String/Module faults £ wo
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Smart Monitoring for Residential Solar

Finding faults in strings without string monitoring

Solar Performance Assessment f + 3 Solar Performance Assessment E » ]
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Smart Monitoring for Residential Solar

Average Power (1 hour resolution)
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Smart Monitoring for Residential Solar
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* Prediction software
* No sensors
 No irradiation maps

* No system configuration
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Machine Learning for Fast Fault Recognition

 Temperature
 Humidity
 Barometric pressure + Hourly generated
+  Wind speed power

 Dew point
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Daily State of Health

Score
Kol Tweites Health|Relative|Production [Prediction/[ Self Relatives Revenue |Normalized |Installed| Health

Index | Index | (kWh) (kWh) ||[Health | (NIS) | (kKWh) | (KWp) | History |

1 [|2001451939|] A ' A 59.02 59.37 099 || 098 || 384 | 5.02 11.76 ||AAAAAAC|
2 |[2001452028)] A | A 60.05 60.74 0.99 1.00 || 390 || 5.11 11.76 ||ABABBAC|
3 20014521621 A C 55.43 5599 099 | 092 360 || 471 11.76 ||ABAABAC|
4 2110317438 A B 9275 91.14 1.02 | 0.95 60.3 4.87 19.04 [AAAAAAA
]_“ Total | 267.24 267.25 |173.71 | 19.71 54.32

A=100to 97 %
B =97 to 95 %

Ratio between Previous week in
C=951t090 % PREDICTED energy  daily SoH
D =90 to 85 % and PRODUCED
E =85 to 80 % energy

F = less than 80 %
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Regression Tree:

Dependent Variable

Independent Variable
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Fault Prediction Using Clustering Algorithms

Clustering:

 Dependent Variable "=
— AC Power |

* Independent Variable -
— Weather parameters “|

— All available inverter " |
parameters ‘

— Yesterdays generation
— Last hours generation
— Trigonometric transformation
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1. Generate a clear data set
2. Choose an output value (dependent variable)

3. Add the following to each record
1. Generation from previous hour
2. Generation from this hour yesterday
3. Day of the year expressed as:

dayoﬁzearx2><H) cos (dayoﬁ/earx2xl_[
365 ’ 365
4. Develop an equation for each cluster with Cl of 99%

sin(

5. Test with new data; output should match data by 0.001
6. All new data run through equation; should fall within CI
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Fault Prediction Using Clustering Algorithms
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Fault Prediction Using Clustering Algorithms

Detection of fault, using DBScan
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Neural Network Algorithms

Three algorithms:

— LAPART - Laterally Primed Adaptive Resonance
Theory

— SVM - Support Vector Machine

— GPR - Gaussian Process Regression

output layer
input layer
hidden layer
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Fault Detection Using Artificial Neural Networks
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Support Vector Machine (SVM):

. 0.6
Optimal Hyperplane\\) ‘ .
0.4 .
Maximum Margin—
0.2 .\.y.
U o

0 0.2 0.4 0.6 0.8

n . 4
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Fault Detection Using Artificial Neural Networks

Gaussian Process Regression (GPR):

20

e fix)=xsin(x)

— Prediction

15 1 mmm 95% confidence interval
¢ Observations
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Total Number Samples (43,200)

A

1 Test Train Train Train
(10,800) (10,800) (10,800) (10,800)
2 Train Test Train Train
3 Train Train Test Train
4 Train Train Train Test

30 Days 1-min. data including 10,000 faults
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PV array — 10.8kWp; 4x10 modules
SVM

e
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[Irrad.;, Module Temp.,

[Current;, Voltage; ]

POA Irrad.
Module Temp.

I[-V Curve Data
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Statistical Performance Monitoring

Fault Detecti‘on
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Improving Efficiency of PV Systems
Using Statistical Performance
Monitoring

www.pvpredict.com

Report IEA-PVPS T13-07:2017
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