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Introduction Gantner

instruments

“Typical” questions about PV Monitoring for Utility scale PV Plants

* Why is it needed?
i » Who needs it?

: « Who pays for it?

* |Is it beneficial?
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Gantner Instruments Environmental Solutions Gantner

Business Unit for PV Monitoring and Logging Applications

Product and services
reaching from

String current monitoring,
Plant control,

Data collection

to

O&M optimization and

automated Investor
feedback.

Solutions on 3 levels

STRING level

DATA level

Portal/SCADA level
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Introduction

Monitoring and Control of Utility Scale Photovoltaic Systems
Germany | Austria | China | France | India | Singapore | Sweden | USA

www.gantner-environment.com
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1 Introduction: Do we need PV Power Plant Monitoring on a MW scale ?
PV Performance understanding
Data Acquisition & handling

Data Analysis

o ~ W DN

Performance prediction & Optimization

6 Investment vs. Benefit of Monitoring:
Impact on System cost (CAPEX), O&M (OPEX) and LCoE

4% PYPMMW, Cologne
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. PV Performance understanding
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Gantner Instruments Test Site, AZ/USA

OUTDOOR TEST FACILITY USA
111°54'W
33°25'N

.
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Performance understanding
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Gantner Instruments Test Site, AZ//USA

Benefits

* Unique PV Module performance track record since
2010

» Baseline for next generation of PV Modeling and
prediction of PV Plant performance and monitoring

» Technology benchmark

» Bankability support for EPCs, Investors, Insurance

» Key for improved Utility PV Monitoring concepts

USP:

High performance data acquisition, 3 party technology
benchmark, advanced characterization and Analysis
methods

Tested PV Module references :

First Solar, Trina, Yingli, Sunpower, Manz, SolarWorld,
Solar Frontier, Kaneka, Hanergy, MiaSole, Q-Cells,
Bosch Solar, Panasonic

Cooperations with leading Institutions, experts, EPCs
and IPPs.

Description Units
Global Horizontal Irradiance kW/m?
Diffuse Horizontal Irradiance kw/m?
Beam Normal Irradiance kW/m?
Global Inclined Irradiance R
(Pyranometers and c-Si ref cells) kw/m
Ambient Temperature C
Back of Module Temperatures C
Wind Speed mst
Wind Direction °
Relative Humidity %
Spectral Irradiance G(350- 1050nm) W/m¥nm

IV curves and weather data are measured every minute
for 24 fixed modules and 6 on a 2D tracker
Running since July 2010 with a 98.9.% uptime.

Performance understanding
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Loss Factor Model (LFM) — SRCL / Gantner Instr. Gantner

Use to characterise PV Modules based on IV measurements

LFM

* 6 normalised orthogonal parameters associated

6 LOSS FACTORS MODEL + 2 CHECKS

Icurvature

MEASURED IV
mVmp*mimp
=Pmax.meas

Use Normalised
orthogonal factors

instruments

REFERENCE STC IV
rVmp * rimp
=Pmax.nom
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nVoc &

nVmp

nRoc

Module Mismatch factor — Spectral

Loss 0 Iscmeasuren/Iscexpecten

Corrections:

Loss due to Rec (“Rgyunt)

(U)ncorrected
(T)emperature

Loss near Py to 1y,

(S)pectral
p correction

Loss near Py to Ve

(D)irt

with MMF
Iscs Rscs Imps Vives Roc and Ve nise
* Multiply all 6 together to give the PRy or MPR
nRsc
nimp
» Easy sanity check for bad data if not ~1
» Easy to see good from bad values e.g. 98% or 90%
» Differentiates PV technologies -
e.g. Thin Film usually has a higher loss due to Rq¢
(from TCO resistivity)
Plot LFM To show
values vs
NRsc
Time Degradation or annealing Nlyp
nV,
Irradiance Low light performance nR:’;
Mlees Thermal coefficients
Temperature
Page 8

Loss to Roc (~Rsenics)

Loss to Ve measuren/Voc expecten
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| FM measurements |

Curve fit vs. Irradiance

Page 9

Easy to do sanity check (raw data shown)
Typical pattern per technology

Shows low light and I2.Rs loss

nVoc_T: temp corrected for clarity

nisc_DS diffuse, spectral corrected for clarity

nlmp

nVmp

nVoc

nlsc

125%
120%
115%
110%
105%
100%
95%
a0
85%
80%

75%

. nls_c_DS * nlmp - ®

Gantner

iInstruments
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Performance understanding

0.2 0.4 0.6 0.8 1 1.2
Irradiance (kW/m?)
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| FM measurements ||

Compare Measured vs. Predicted

4% PYPMMW, Cologne
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Prediction over time

Data every quarter to show degradation
or seasonal

Residual analysis

nimp

nVmp

nVoc

nlsc

115%

110%

105%

100%

95%

90%

85%

80%

Gantner
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nVmp
et et et

nilmp

b Vi bt

nlsc
b ' ‘nRsc :

'\—/ Q&( nVoc

Performance understanding

nRoc
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Data Acquisition & handling
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Data Acquisition & handling
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Monitoring of large arrays Gantner
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Market expectations:
Monitoring and control concept for cost effective PV Energy generation and risk reduction

» Transparency of PV Plant production
(fast & reliable)

2000

* Vendor-independent PV Plant monitoring .
=" A
« Unified platform for all PV assets . ﬁf"'%”ﬁ%f—iﬂ ﬁﬁ%

(i nformation, data) 0&:00 15:00 21.58p 08:00 22.5ap 0800 16:00 23.58 03:00

— irradiation [W/m?] — average mo

jo))
» Combines all available information ‘ 5
. : AN 8 2
(Inverter, DC & AC side, grid, DSO) £
c
= ke
* Effective and automated PV plant = E
management, Inventory information M <
©
o
* Reporting, Alarms L T
«  0&M logging A e CANLS ket ) o CRAN Do vkagt M — CLALAY v B0 CEALIC v DO | CRAT B2

September 2015

* Access form anywhere (HTML5, W3C) w

+ Provide baseline for O&M activities, ) R
LR TSR
energy prediction (day ahead), o I I I o

energy trading, etc.

[k fkWp]
o

°

10/28/20154 WWW. gamtnel‘fem\/ironmemt .com
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Data Acquisition & handling

Castle Combe

Hampshire, UK

Gantner

instruments

Data Acquisition & handling

Crundale

www.gantner-environment.com
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Data processing — real time
E.g: 5000 channels per 10 MW to import and process

Fast check to validate all
measurements sensors,
inverters, strings etc. — first
as sensible, then good.

Hiz-Proszssilg Calcuiation Soraue
DATA STREAM FROM

DATA LOGGER
DATA LOSS: VISUALIZATION &

Parameters:

- String level Idc, Vdc o N Analytical - charts

- Inverter chieck :Vl:iflioarl;?eatlon . Output as charts, tables
- Grid measurements Export funtions

- Weather stations

sy Dynamic filters
TRANSFER: Pre-defined
Formulas
i.e. Sum of Yields,
Normalizations,
Availability,

Data consistency

SUPERVISION SYSTEM check

Save to

- Weather-Data
+ Production forecast

Sanity checks for data analy-

[} - Webcams g
s - Security inputs Weather types Realtime-Stora- = °
k<] - Conditions ge Database ANALYSIS ¢ S
3 DATA VALIDATION: CLUSTER =
§ « Energy Yield =
« Availabili o

s SERVICE APIs Check}for correct - Actual Perfontnyance =
E physical limits - Loss stages g
o]

z <
o]

5 z
©

= a

Performance: ACTUAL

WATCHDOG-SYSTEM N _ Create Check for
Alar_n{ls. ) Alerts, BACKUP "
Notifications, Notifications,

| Tickets,

Warnings Tisket

Incremental DB’

Multiple import
data streams, INVENTORY / DOCUMENTATION r F"Esff:n
standardized ‘

sanity
checks

PV plant schematic, configuration, layout; ¢
Nominal values (PV Module, inverter, fueses

Automated checks
(real time), constant
performance




PV Plant Structure Gantner

PV Plant structure incl. warnings and linked information instruments

Gantner.webportal

Franifurc Site

@ overen I

Analysis Station

[l Charts T |

L\ Alerts Wendar: Schneider Elestric

Inverter

B Repors datashest. pdf
Installed power: 798 k1D AI
Tick m
) M Actusl py pawer: 6531 kW

more

2= Channels

. o)
® ® Avlabiny CombinerBox | = e @ £
s ks
I c
3 @ Installation Info ‘ ‘ ] ‘ | g
o. [ Inventary . . L N e T S ST S S SN S SN S S S S SN Y °g
z String Monitoring 5
= & Structure 7]
s ! T 2
o o3
z Vendar: Trinaalar vendor: Trinaalar Vendor: Trinasolar Vendor: Trinasolar 2
< Installed power: 12 Kifp " Installed pawer: 12 kifrp Instaled power: 12 kg Instaled power: 12 kWp S
< Stri ng Actual eurrent: 14,56 4 Actual eurrent: 14,32 4 hctusl current: 14.44 & hctusl current: 14.5 4 (D“

more more more more

I T G

Wendor: TrinaSolar Wendor: TrinaSolar Vendor: TrinaSolar Vendor: TrinaSolar

T Installed power: 12 kifp  Installed poner: 12 kWp Instaled power: 12 ki Instaled power: 12 kWp
Actual current: 14.214 Actual current: 14,544 Actual current: 14,45 & Actual current: 14,52 &
mare: mare: mare mare

<

o effo __________ofi o

* Plant structure (generated during data import) allows design & sanity checks
* Fast validation check of all measurements (sensors, inverters, strings)
» Compare performance of peers , localize issues.

10/28/2015 WWW. QHVWTF]GI‘*GH\/i ronment.com
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Normalization / Deviation of Strings, SCB, Inv.

Absolute Values: | yeasurep differs for larger and smaller arrays

Fareham
@ Overview
i - CB @ sho
P Variance - CB-Compare
@ Chans = < 0708082015 > *  August2015 = 2015w Reso
Charts v2 i
m Saturday, Aug 8, 23:55 Environment
« irradiation [W/m3]: 0
+ Installation 2000  ambient temperature Meteot [Cl: 12.6
‘Combiner Boxes -
£ 1000
Maintenance GI £
sensors T T T T =
g 03:00 06:00 05:00 12:00 15:00 18:00 21:00 5. Aug 03:00 06:00 05:00 12:00 15:00 18:00 21:00 5. Aug £
S Others el
kel — irradiation [W/m3] — average module €l — ambient ra IS
Q 01_UPS_state <
S =
=z 02 measure time Saturday, Aug 8, 14:20 g
2 CE.A1.01 tetal current [Al: 107.55 =
Variance - CB-Compare 200 & CB.A1.02 toral current [A]: 116.33 @
3 « CB.A1.03 total current [A]: 219 88 ]
a Variance - CB-Compare ® CB.A1.04 total current [A]: 198.44 g
> ® CB.A1.06 voltage [V]: 629.44 £
o = 200 © CB.A1.05 variance [%]: 1.029
< - Inverter = il
= ©
User defined oo S]
i Configuration
Alert: ¢ T T T T T T T T
L Aerts 0300 o500 osi00 1200 1500 1800 2100 5. Aug ozi00 os:00 os:00 1200 15500 1500 2100 5. Aug
@ Reports ~ CE.A1.01 total current [A] — CB.A1.02 total current [A] —— CB.A1.03 total current [A] -~ CB.A1.04 total current [A]  — ©0 70 08 fomal comment (A1 G 00 toial comment IAL o CEAT 0T valiaae [V e R vt |
— CBAI 04 voltage [V] — CBAI 05 voltage [V] — CEAI 06 wvoltage [V] — CEA1.01 variance 6] — CB.AI.02 variance ] — CBAI.03 variance ] — CB.A] 04 variance [%] — CBAI Q5 variance [§] — CBA1.06 varianc
& Tickets — CBAI power (norm.) average [KW/kWp]
EE Channels
= August 2015 2015
& Export 150 750 3 02 75
@ 4
100 s00 02— s0
. . E L
@ Insllation Info z E 2% R
so i | 250 01 2 25
Iy - “I“HH‘MMIM‘J‘J‘HHIHMI‘I“H‘ . H || ” || ||| ” H
& s N ‘ ‘| | \I‘ \[ “ H “ | il \I o ‘ [l | (bl o o ol |Il| || || | I
3. Aug 10. Aug 17. Aug 24. Aug 21. Aug l.Jan 1.Feb 1. Apr 1. Jun 1. Aug 1. Oct 1. Dec




Normalization / Deviation of Strings, SCB, Inv.

Normalized values: lyeasuren’/Prnominal Show similar values

Gantner

instruments

4% PYPMMW, Cologne

Fareham

@ Overview

@ Analysis

[ Chares

[ Chartsvz

- Installation

- Combiner Boxes

~~ Maintenance GI

- Sensors
Others
01_UPS_state
02_measure time
Variance - CB-Compare
Variance - CB-Compare

- Inverter

- [l User defined

- i Configuration
A Ners

B FRepors

& Tiders

$= Channels

& Export

@ Avallability

© Inswliation Info
[ Inventory

& Strucure

Chosen langud)

Variance - CB-Compare @ Show

07.082015 | »  August2015 v 2015 Resoli

= < 0708082015 >

Environment

03:00 06:00 09:00 12:00 1500 18:00 21:00 & Aug 03:00

15.00 1800 2100 9. Aug
— CBA1.01 power (norm ) [KW/kWp] — CB.A1.02 po T (norm ) [KW/KWp] — CB.A1.06 power (norm.) [liN/kWp]
— CBAI.02voltage[V] — CB.A1.03 voltage [V] iance [§] — CBAI.03 variance [§] — CBA1.04 variance [¥

— CBAl.06variance [X] — CE.Al power (norm.) aw

2015

AGTH

Good sanity check of all components (easier with normalised data,
redundancy e.g. with NOCT, weather (KT, BF, ..), DC, AC, solar position, AOI, ..

10/23/2015

WWW, gaﬂtner‘femvi ronment.c

Data Acquisition & handling




Availability Monitoring Gantner

Availability calculation for PPA / IPP contracts instruments

Avallability

Layout per 12 month, custom start date

* Resolution: h, day, month, year, 12month

U P—— H_PER | SYS_AIV INcount | AMA | S5YS_AIV_AMA ﬂoatmg
[h1 [%] ] [hAN] | [%]
Oxford | 201301201312 2932 | 9891 7 10 99.25 * For each Component (Inverter, SyStem,
2 Oxford | 2014/01-2014/12 | 2087 | 9947 7 10 9.8 SUb_SyStem’ Production batCh, ) g
[o))
S 3
8 Cxford | 2015/071-2015412  &17 100 7 10 100 9 Supports preventive maintenance g
z : 5
s strategies i
3 i 3
z Layout per 12 month, custom start date detailed g
g g
SN Pe—— H_PER | WR.I_AIV | WR.2_AIY  WR.3_AIV WR.4_AIV | WR.S_AIY  WR.G_AIV WRZ_AIV | SYS_AIV INcount | AMA | SYS_AIV_AMA =]
[h1 [%] [®] [%] [%] [%a] [®] [%] [%] o [h/IN] | [%]
Oxford | 2013/01-201312 | 2932 | 99.86 96.73 99.73 96,73 92.86 9966 9.8 98.91 7 10 99.25
Oxford | 2014/01-2014/12 | 2987 | 9913 992 99,67 991 100 100 99,2 9947 7 10 LY
Oxford | 2015/01-2015/12 817 100 100 100 100 100 100 100 100 7 10 100

Layout per Year

10/23/2015| \WwWw.gantner-environment.com
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Data Analysis

Data Analysis

4% PYPMMW, Cologne
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Data Analysis for Utility Scale Projects Gantner

instruments

Features (selected):

« Heat maps for quick detection of I Heatmaps I I Irradiance binning '
outages or drifts: should be .
N e i "‘ - LT T

smooth, sinusoidal, repeatable

yearly, .. -
* |rradiation binning o e
« Temperature trends e -
(min, max, avg.) L L L
-

» Asset — performance: Comparison
of different installations,
normalized

» Temperature behavior ﬁ
- Low- & Mid-light behavior I Meteo trends I PR benchmark

+ Maps g

+ Sensor-cross-checks

 Availability analysis for IPP . SRk
contracts ——

Data Analysis

4% PYPMMW, Cologne
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Actual Performance | Gantner

Loss Stages - Identify the losses real time instruments

Can check losses at each measurement to show if anything is too large like shading or thermal

E| Performance Ratio loss stages

Frankfurt

0 100
AT
Analysis 1

& Al ) Degrachation
10_Sensor cross check - A ) Tibed plane
Irradiation

A ] Shading
{0 S=retty ierss Siel = O ) smom covr
Temperature

0L ] Soiling
A i Angle of incidence
T Spectral response
30_Parameter X vs.

o A ] Seasonal annealing

Irradiation

T 0 PY thermal loss
31_Parameter ¥ vs.
Parameter X L ] C comstant loss
L ] P lowe light
0 ) Module mismatch
1R irradiation R ] B wiring
45_Loss stages e Inverter makeup
50_Temperature (Min Max) PP i MeP tracking

LIEFF I nverter efficiency
51_Temperature [Min Max
Avg) LAGG i Constant AG loss
LEUP ] Inverter clipping
LTERF s Transformer efficiency
LTLOSS [ ] Transformer tare
L =L LAtz ] AC wiring

string.bloxx

@ Ubersicht

20_Heatmap - Parameter vs.
time

4% PYPMMW, Cologne
Data Analysis

40_Irradiation binning

52_Temperature Range

60_Compare all installations

74 76 78 80 82 84 86 88 50 az 34 96 a8 100 102
@ Diagramme




Actual Performance Il - Zoom Gantner

Loss Stages - Identify the losses real time instruments

+ Start at Nominal Py;ax = 100%
* Module Tolerance Pcrya/Pnominal

Lotc | » Degradation vs. time

Lror I Tilted plane * Plane Of Array Insolation

LSHAD I Shading » Shadow (VS. solar position)

LSNOW [ Snow cover o SO|I|ng vs. time and precipitation

Lol Y Soiling o Angle of incidence includes refleCtiVity

LAO I Angle of incidence * If possible Spectrum from EQE, multi junction

LspecT | T —————— Spectal respunse » Seasonal, anneal for some TF
L e ] Seasonal ancaling » Thermal loss Ty,op from Tyyg, NOCT/NMOT,
g} L S PV thermal loss gamma, wind speed )
° LocC I OC constant oss * DC constant loss if needed Z
S LU D PV low ligh * Low Light efficiency change @ ~0.2 suns P
g | oo [ oo mismch * Mismatch from series strings -
¥ | vocr 0o + DC I2.Rs wiring loss

LWAKE [ inverter wakeup ° |nverter Wakeup

LMPPT [ MPP tracking  MIPPT

coerr: N e eveofficincy * Inverter efficiency

Lace N Constant AC loss « AC constant

LCUP I Inverter clipping ° C“pplng

et R ronsformsr efficiency « Transformer efficiency

brioss N rssstormy tare  Transformer loss

LACI2R R AC wiring O AC erlng

75 80 85 90 95 100 105

10/28/20154 WWW. gamtnerfemvironmemt .com
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Performance
prediction &
Optimization

I .. by using hourly simulation programs l

RUAMIAR ]

wyzda

WA e WA

wudnom W)y m wig43]
wsyiIs WM wipd)idsm

ULEEETR ]

wyzy W wssoiLm

wyime

unios W WARONS wgyHs | WNNS

wiov

Wy | WwAYIHLE

Gantner

instruments

<-- Loss per stage per month

SUNm
SHADm
SNOWm
SOILm
AOIm
SPECTm
SEASm
THERMm
DCCm
LLECm
/ MISMm
DCI2Rm
WAKEmM

Prediction & Optimization

TEFFm
TLOSSm
ACI2Rm

www.gantner-environment.com



Loss Stages: Actual vs. Target performance

Compare w/ assumptions, use actual weather data and simulations, real time

Gantner

instruments

I Run this for Target and Actual performance '

Performance Ratio loss stages

M 100%

Module riﬂu
5% = 675000 kWh = 54000 €
Degradarion
~1A% = -3 76000 KWh =-30240 €

Tilted plane
0% = D Wh = 0 €

Shading
-0.4% = - 10EGOD kiWh = -8640 €

Snow cover
5% = 135000 kwh = 10400 €

Saili
Lol T3 5 175000 kivh = 10800 €

Module ratin

radati

Tllled IalI':e

4% PYPMMW, Cologne

0.0
Shadin
oyt

108000 kwh = -8640 €

Snow cover
0.5% = 135000 kWh = 10800 €

Soiling
0.5% = 135000 kWh = 10800 €

Angle of incidence
-0.1% = -27000 kWh = -2160 €

% = 675000 kWh = 54000 €

on
—14 == -378000 kWh = -30240 €

I - Difference shows your actual gain/loss l

Performance Loss Stages: Differences

ou GAIN — —s——gp oSS

L.DEG -oo KWh = ~30240 €

LPOA 0.0%=0kWh=0E€
LSHAD -0.4% = -108000 kWh = -8640 i.
LSNOW [T o:5% = 135000 kwh = 10800 €
LsolL - 0.5% = 135000 kWh = 10800 €

-0.1% = -27000 kWh = -2160 EI
00%=0kWh=0€
0.0% =0 kWh=0€
[ 1% = 270000 kwh = 21600 €
I 0.2% = 54000 kWh = 4320 €
|17 0% = 135000 kwh = 10800 €
- 1.0% = 270000 kWh = 21600 €
0.0% =0kWh=0€
-n_sx-usmokwh:mm:
0.0%=0kWh=0€
|7 0% = 135000 kwh = 10800 €
00%=0kWh=0€
00%=0kWh=0€

9 1 Difference: Target - Actual

0.0%=0kWh=0€

AC wirin
Lacizr TS50 kih = ~4320 €

7 a0 s EL] EH 100 s 110 115

-0.2% = -54000 kWh = -4320 €I

-4 -3 -2 -1 o 1 2 3

4
o
Total annual loss: 110 160 €
Assumptions: YF (per year) 1350 kWh/kWp; Pnom_site 20 MWp; Energy value 0.08€/kWh (assumed); LCoE background model possible.

10/28/2015 \Www.gantner-environment.c

Prediction & Optimization



Performance Prediction

4% PYPMMW, Cologne
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» Setup algorithms to predict instantaneous PV and BoS performance for measurement
validity and energy yield predictions

+ Basic version (shown) gives already very useful results for system cross-check and trend
detection (soiling alerts, shading, ..)

1.0
o
@
|-
[«
(=)
e
o 0.5
105%
i -
100% * PRat__STID__ID |
Lt Eff_Loss Analysed in Sept. Predicted in Oct. § » 0.0
e ; -t = 15, o~
o5y - ’- —Gi_1__Pyr ."Q . I .~ L LY =
1. }’5.' L Y- 2 L : . [ i 0}'1}" o
1 .f:‘ " = ‘;0 ’.:r' _}- .9 e ‘:‘:.:.- ;
14 : A Pt e a0 4. &+ , “hn RBERLE i LAY =2
S B L B AR & - g SAS A T IR Ty
y . L) i 0 J :%}, 4 i ‘{ 'a;" \t v «ft 1 E g
AR " v x.'"'-" ;" - ©
v . ' S . __x —
1 . P o
; i : ; o

1004, ,

BONNIENNOO A A NN T TRRINDO o oW~
PR =R e R J e
383838388388888 EEE888858E888888
o = o o o o o o

PR R R R R R R R AR A R A MMM i iginin A Qe
SoScocbcooboocobboobcoocBbEoSBEES

L I I I I I B O o I A IR IO o o A o I O R o I B o R o I o o o IR o o Y I I o

Prediction & Optimization

Location: Frankfurt site

Www.gantner-environment.com
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Investment vs. Benefit
of Monitoring:
Impact on System cost (CAPEX),
O&M (OPEX) and LCoE

CAPEX (t)

I OPEX (t;-t,) I Iﬁ
LCoE

Energy Production (t4-t,) I

inancin ing (Equity / Debt)




Monitoring Investment & Benefit
Impact of Monitoring on System cost (CAPEX), O&M (OPEX) and LCoE instruments

System Cost (CAPE

[system cost capeg__|

12

1,0

o
@

System price in [€/Wp]
2o
[}

1,010

° 04
c

[o))

o

8

- 0,2 -

s

=

=

o

g 00 -
g 2015

Margins
B PV Modules

B Miscellaneous

¥ Environmental Monitoring & Commu

M Electrical Conncetion - Plant Monitori
Electrical Conncetion (HW)

0,969

2016 E

0,936

2017 E

0,905
0,876 0,848

L . |

2018 E 2019E 2020E
Project Development
EPC

Power conversation
B —

B Substructure

Gantner

LCoE (split by component) (t;-t,)

Financing (Equity /Debt)

Capital PV Module
29 2% 19.2%

Balance of Systems
13.3%

Other (fees,
permitting,
asurances, etc.)
5.0% Engineering
Procurement &
Construction
11.7%

OPEX (t,-t,)

Investment vs. Benefit

Electrical Conncetion Installation - Plant

Mechanical Installation
Total System price

LCoE for Utility scale, 5% ROI; Source: JRC, 2014; Gantner Instruments System cost model, Europe

Page 27

* Installed Monitoring gives direct control of

» Control performance of Inverter, cables &

* Monitoring cost share of system price:
~ 1.4% (0.013€/Wp, EUV)

17% of the LCoE Cost (O&M cost)

connections, ..

www.gantner-environment.com



Monitoring Investment & Benefit |l Gantner

Impact of O&M strategy on Yield, LCoE and Profits, 10MWac instruments
I e s i T
Downtime Maintenance 0.5 % 0.5 %
Malfunction Modules, combiner boxes, fuses 0.5% 1%
Soiling losses Cleaning events 2.9% (4 x) 8.5% (2 x)
O&M cost (€, per yr) 166 577 154 577
Energy yield (kWh/kWp) 1546 1442

PV power plant area: 138 219m?; GCR: 0.5; 77 Combiner boxes (CB); 24 Strings per CB; Annual numbers: YF=1608 kWh/kWp; Yearly operation costs w/ labor € 45 950;

@ Power plant care cost € 26 790 (18 469); Project lifetime 25 yr; Labor cost 25€/h; Inflation rate 2.5%; Water 0.0025 €/1; Fuel cost: 1.5 €/I; Cost for components exchange and stock »
2 -
° jog
o 300000 o
§ 0.093 650 2
2 o092 250 000 2
g 1 600 @
g 0.091 200000 . <
< T 1550 Difference: 64%
]
0.090 =S 500 150 000 E (: 70 000€)
0.089 3 o
hat 450 100000 § QO
0.088 8
0.087 L 400 50000
0.086 350 o]
alfunction, 0,5% downtime, 1,0% malfunction, 0,5% down malfunction, 0,5%  1,0% malfunction, 0,5%
2,9% soiling 8.5% soiling time, 2,9% soiling  downtime, 8.5% soiling
I PV power plants with monitoring can deliver 7.3% better Energy yield, results in 4.5% better LCoE I
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Summary Gantner

instruments

Cost effective Monitoring Solutions can :

Reflect Financial KPIs (Performance guarantees, allowed maintenance,

integrate simulations)

» Allow “real time” data processing for availability, alarms, warnings
« Automated Performance Analysis and characterization in terms of kWh and $

4% PYPMMW, Cologne
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Advanced Monitoring Algorithms leads to:

(loss separation, sensitivity to irradiation, weather, cleaning, ..)

Implement preventive maintenance strategies

Summary

Providing Investors with reliable information about O&M, track record & plant
performance, control

Separating and identifying losses where “actual vs. target” differs
Optimizing Plant Performance during lifetime

Reducing LCoE based on advanced Monitoring design (characteristic trends,
Loss Factor Model)

Reducing risk for Investors & Independent Power Producers (IPPs)

www.gantner-environment.com



4% PYPMMW, Cologne

Thank you very much for your attention!

We would like to thank our colleagues Jorg, Andre, Daniel, Stefan, Holger, Stefan, Samuel and
Vasu for their indefatigable effort in realizing successful customer projects worldwide.

demo.gantner-webportal.com j.sutterlueti@gantner-instruments.com

Summary



