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3E timeline ,(;‘-‘

1999 2010 ' 2014 plope] 2021
3E foundation Launch of our # Launch of Surpassing Launch of
as a spin-off digital journey Solar Data 10 GW of Wind Analytics
of IMEC 118 Services connected LivLiner
assets Inside
O O O O O O O O O

1999 - 2007 2012 2017 2021

Organic Launch of our Launch of - Launch of-
growth, digital twin Solar Analytics “3E’s digital -
international performance & Sensor Platdra

presence model \ Check SynaptiQ
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3E digital solutions
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pigital Solutiong

Analytics Analytics

) "'echnology

Digital . Cyber
Twin @ Modelling Security

Asset
Flexibility

Operations

‘, Forecasting

Analysis

Developers

Analysis /' Assessment
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From meteorological data to recommended actions :(;‘-‘

Meqsure.d .Me'reo Nominal Yield
Conditions

Expected Yield
(Actual
conditions)

: Observed System Losses
——————— Observed Yield
Recoverable
Yield

Expected System Losses
SynaptiQ

Digital Twin

Recommended Actions
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Expected System Losses
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SynaptiQ Simulation Model 2.0. :(;‘I‘

P=ILM+« E Trpp ® Vinpp * number — of — strings « modules — per — string

inperier —inpuda
where:

o TLM is the lnverter loss maodifier
* fpp is the Module MPP curment
s 1 is the Module MPP valtage

The module MPP current is simulated using following formula:

Lgw = Toppres * Gron/Gsge + SHAL + SLA + TAM + SMM + MQM « DLM

where:

- .F,,,m,.,,‘f is the reference MPP current at Standard Test Conditions

(‘3-'1,.”.ﬂ is the irradiance in the plane-of-array

(7 s is the reference iradiance at Standard Test Conditions { = 1000 W/m?)
S H M is the shading |oss modifier

SLM is the soiling lass moedifier

TAM is the incidence angle modifier

SMM is the spectral mismatch modifier

MQM is the module guality modifier

D LM is the degradation loss modifier

The madule MPP voltage is simulated using following formula:
Vingp = Vingpres * TMM « IMM « DCM
where:

® Viupares 15 the reference MPP valtage at Standard Test Conditions
s T'LM is the temperature model modifier

o JLM is the iradiance model modifier
o (CLM is the de cable loss modifier

oo
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Simulation Model Validation (1) :(;‘I‘

» Validation against operational plants

» 11 selected well-operating plants

B nMBE  ——nMBE(avg) —— nMBE(RMS)

=
o

 15-min granularity

* Dependent on

NMBE(RMS) = 3.05

nMBE(avg) = 0.67

* Measurement accuracy

nMBE (%)
& & ES o o ~ IS @ ®

» Operational issues

» White paper upcoming

N
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Simulation Model Validation (2)

« Validation against PVSyst

* Various projects

* rooftop s000%

80.00%

 ground-based

70.00%

* Single-axis tracker so0%

50.00%

» Each loss component a000%

30.00%

» Dependent on assumptions e

10.00%

0.00%

PVPS
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Comparison 3E - PVSyst

M increase M Decrease M Total

3.61% 0.00%

79.47% 0.01% =
0.00% -0.04% -0.42% - -
— 0.42% 0.53% -0.01% -0.12% 0.15% _; 50% -0.09% -0.01%
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Observed System Losses
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Detailled loss

analysis

Shading
= From data
= Skyline

= Solar access

Soiling

= Soiling rate

= (Cleaning event
= Residual

Performance Ratio [%]

50

Yo
L

Degradation
= Statistical
approaches

= Degr. rates
= Warranties

Ratic Energy div Iradiance
o & R
3 3

String Failure
= Daily calc.

= Failure duration i

= Fast detection
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Automated performance loss identification :(;‘-‘
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1
Example (gm
p (ug
« Large rooftop installation

* 1,39 MWp

» Rapidly declining PR
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Yearly loss breakdown

PVPS

Energy [kWh]
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|
Loss breakdown — inverter level (gm

. cl9o
* Observations

- Area A performs best " T m '
« Higher current degradation in %o I
area C s e
» 16 string faults, mostly in area B ;
and C N

NEN g :ﬂﬂﬁl Eg
s L
i iy _§ 55335 ig
L e AgeBss

5UB00

3 gasﬁisﬁsﬁéiagiiz i
2 2irzzial ¥ 2

Mostly Strlng
Mostly A C Faults

7 4J3E
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Validation: drone inspection (1) (gm

» String faults confirmed

» High degradation in area C due to
bird droppings

* One string fault missed by drone

* One inverter (C19) with three
additional open modules

9
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Validation: drone inspection (2) :(;‘I‘

 High correlation between
current degradation

deviation and hotspots Dropping Line Fit Plot
* In average one bhird - .

dropping causes loss of ;%m . e

27 kWhlyear P . ’ ..t
% 2 ¢ * * ™ ! = # Current Degradation Deviation (kWh/year]
'2 - ) b 4 L] - W Predicted Current Degradation Deviation (kWh/year)
.E ° : ‘ - ! + 1‘0 1‘5 2‘0 2‘5
I
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Future work
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From hindsight to foresight (;‘I‘

Optimization

Value

Fault
diagnosis

Faul!:
detection

Analysis

Complexitil
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