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AEG and SunSniffer WSniffer

SunSniffer

Is the technical branch of a Family Office which has an own
photovoltaic portfolio. Managing this portfolio, SunSniffer faced
typical O&M issues and decided to solve these. Result is the
SunSniffer® Digital Twin technology with artificial intelligence.

AEG Solar Solutions
provides solar equipment from modules over

Inverters to storage. One product section is
the “I MM Technol ogy?”, C S an

OEM version of the SunSniffer Technology.
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PV Market Worldwide

ﬂS.O%

50,6

301 30,0 38,4 40.1

2010 2011 2012 2013 2014 2016 2017 2018 2019 2023

Source: Bloomberg; UNEP; FS-UNEP Collaborating Centre
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How does PV work: "Sniffer’

Structure of a PV plant:

Modules Strings  Inverter Grid
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How does PV workz Sniffer’

Usual monitoring level: inverter (90% of all plants)
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How does PV workz Sniffer’

Better monitoring level: string (10% of all plants)
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Malin risk factors: solar modules

What are the issues in PVe

Other
failures

Module failures
> 60%*

* https://www.sunsniffer.de/images/imge_slide/Bankability-Solar_Technical-failures-in-PV-projects_September-2016.pdf
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What are the issues in PVe B
unSniffer

Module are the most error-prone part in a PV plant.
There are 2 kinds of issues:

1. Internal issues

,Snail trails” Delamination

T qﬁ

B = -38°C
©https://photovoltaikbuero.de/pv-know-how-blog/sich-abloesende-frontkontakte-an-solarzellen/

©https://photovoltaikbuero.de/pv-know-how-blog/schneckenspuren- ©https://www.energynet.de/wp-content/
photovoltaik-snailtrails/ uploads/2013/01/delamination.jpeg
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What are the typical issues in PV's WSniffer

2. External issues

Shadlng Soiling

<]
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s PV without |oT
sufficient enoughe
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Biggest challenge: Error FINDING T

Step 1: Gathering information

Error! »

¥3 2.745 strings are underperforming with a
®’ power loss of more than 8%.

OK
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Biggest challenge: Error FINDING SunSniffer

Step 2: Inspecting the plant

On-site inspection necessary

———
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Biggest challenge: Error FINDING "Sniffer’

Error finding without digitalized modules:

Repair costs unpredictable:

Time-consuming

Personnel not sufficient for detailed analysis of all
strings

Due to cost and time reasons, smaller power losses in
the plant possibly are not being addressed

Missing actionability?
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Photovoltaics and
Digitalization
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Digitalization

Those renewable energy players will win, which

understand to cut cost through their digital tools.

Predictive maintenance and revenue analytics

are the keys for competitiveness.*

*https://www.sunsniffer.de/images/downloads/2019_McKinsey_Rethinking_the_renewable_strategy for_an_age_of_global_competition. pdf
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Digitalization N
J Sniffer

Malin goal of digitalization: Cost reduction

Crucial factor in PV: Cost prediction in O&M

But:
Most granular monitoring of PV plants today Is
Strlng Ievel Module level String level werter level Grid
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Hardware I e
SunSni ﬁ er

Super low-cost
SunSniffer® sensor
in every PV module

Sﬁ,ﬁ ; SunSniffer®
ks X - String Reader
for every string

SunSniffer® Gateway
for connection and

g transmission of data to
; . the WebPortal

P A T e Py
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Technology
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Data fransfer

Data transfer via PLC (DC powerline communication) S

e e [ e e (D

Data transfer

l Data transfer via internet

l via RS485
Data transfer via PLC (DC powerline communication)

1 Data 4
I | transfer y Data
I RS485 1 via | transfer
Data transfer via PLC (DC powerline communication) I I Rsags 1 via
- I Rsass
- L] L] LJ LA R R R AR J a— b -' I
Inverter ™

* Gateway reads out
inverter data
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Use case 1I:
Underperforming
modules in a pv plant
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Use case |

2 Potentlal iImprovernents Until PPA Ends

_ (next12years)
BOoO € -
0000 € 9210 €
6582 €
2% €
o < l o 21202 €
Injocted Into Grid ‘ . Underperforming modules 10 Soiling I8 Shading 0 €
- - Underpedonming Soang Shadew
STC Power Classification of Modules Module Degradation
™ us
[
- 2 e
g c 15
e e ——
3 5 I SR
z ¢ -
3 [
= 1 §
l 2s
Q — — - X "
A0 2-A0% 14 22% BRPN 830K 5-gn s 2-4% a8 Sep 18 ot e Nov 18 Dec '8 ne Fen 13
w— Warranty $ne [l Above user defned threshold — Warranty kne & Degradation
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Use case |

T s—p——
: 1 et 12 monthwlf€) '
2% " 2704«
24% = 8650 €
o O 67 o€
o o 22500 €
BI0% s 158004
10-36% 5 o€
2% 2 BE0 €
2-50% ) ne
wax 0 oo
TOTAL 29 oo €

(Pt sragurmvern ) (s atsont ) (Pt vew ) (ectrcsl view ) (et tracker )

Plant view - underperforming modules
3T 3 1 34 1 1 11 1

&
SunSniffer
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Use case 1: What fo dos SunSniffer

Power Analysis

STC Power Classification of Modules
Power Deviation Module Count p?m nzm| hs)(€) | w
n 0-2 34 2a70€ 2
2-49% 53 86,50 €
4-6% 67 170,00 €
6-8% 62 22300 €
8-10% 35 158,00 €
VI 10-14% s 27)0€
VR 14-22% 2 16,60 €
VY 22-40% 1 1770 €
] 40100% 0 000€
~ TOTAL 259 7200€
t VleW) (Electrical \ﬁew) (Incjdent Tracker)
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Use case 1:, Ask Albert" to find out..

Incxaent Trackar
0]
MOOULE LisT EXPECTED LOSSES
| Module Name Fault Powwert loss. | Feed-n Tanf¥ ozge
Module 2.3 10 Underperforming Module "3 Expected iosses in the next 12 month o3€
Module 19.8 Underpartarming Modsie " Expoctsd lossas until PPA ends (12 years 3 monthes| 21D €
Module 11211 Undacpeitorming Modile 6% Maritenance costy saoe€
Module V0I5 Underparforming Module " Braak-even n 3 yearfs) & monthis)
Module 10,2 Underperforming Module e
’ Costs and Reve —
Madule 1108 Undeepartarming Module o% Revenue =
Module 11012 Underporforming Module 0% o
Module 1317 Underparfarming Module o o
oo
E ek even 3
a0 /
200
Wﬂmc
300
o 1 2 3 1 . s & ?
Yuoris|
e e Ihremartazam
o Module faults iInclude broken glacs, burmt dodss, hotspots, PIDL LD, o any cchar type of module ineffioences. Thase can be dealt weh by o It will CoRt 250 #Uros 10 T selected B
feplacing the faulty unit. 3 s Somoy i « The payback penod s 3 years and B months £ you invest aexd replacs the modules now.
+ Shading losses can be avoided by efther romaving the cbject casting the shadow {f p o g the 108 better » The losses are aiso axpected to be shightly higher, as thess sues will influence the performance of the plark 25 3 whole.

* Total porwer k085 & equvalent 1o mare than 1 modie(s)

( Com Sarsngs ) (l‘wm Marinancs fn )
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Use case 1:, Ask Albert" to find out..

@G&nerﬁt& Maintenance Pl.an)
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SunSniffer

Use case 1:, Ask Albert" to find out..

(Cc:at Settings Maintena
/

e
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These modules need fo be changeds

Siidstadt-Forum
Siebenkeesstr 4. 90459 Numbsrg. Garmany
07.05 2019
Device Fault Current Serial Humber Reader ID Inwerter Serial Number Action Hew 5/N
Module Underperforming
133 10 Priia SL1E0M1104K1729s7 €050 LBB2022610
Module Underperforming SL180M1104K 0954
2413 11 Priia s G283 LBB2022610
oo 2 '1“"?3”'; m‘;flzm‘"m'"g SL1B0M1104K1552xg 7107 LEASD22810
|+ .} —=
m 4 Module 1.9_8 :1"{':;?&”“'“'"9 SL1B0M1104K1740 Jg 7284 LBAS022810
Module Underperforming
E 5 110 12 M SL180M1104K1542 Ig 7107 LBABD22610
Meodule Underperforming SL180M1104K1275
E € 110 18 P o 7107 LBAS022610

Meodule Underperforming .
m EBEB 1.10_18 Module SL1BIM1104K1850 jA - 7107 LBAS022810
m EBEB g Moduls Underperfarming SL180M1104K1881 kw6205 210107128110DA000920
1.3 17 Module

' Download as PDF | Print |

-
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Use case 2:
Solled modules
when 1o clean@
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Use case 2
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SunSniffer

Potental
{next 2 monthsiie)

§oocooo$§a

op0€
25100 €
X900€
o00€
op0C
000 €
000 €
000 €
000 €
51900 €

Britordi Irrgrover ety .

0=
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Improvements and Cleaning Qualifysun

50000 §
000S$
Jun 18 Aug 18 Oct 18 Dec 18 Fe Apr 9
- Potential iImprovements  — Cleaning Cost
Potential Improvements . Cleaning Quality
%
100

o]
M. Feb 17. Feb 24 Feb

[ Cleaning Quality | Unknown Cleaning Quality
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Use case 2: What fo dos SunSniffer

Power Analysis

Soiling Classification of Modules
1 02% o} 0,00€
3 2_5% 109 25I,00€
b 56% 95 268,00 €
V1 6-8% 0 0,00€
A s10% (o] 000€
A 1014% o 0,00€ '
A 1522% 0 0,00€ '
i 22-40% o] o.boe
V1 40-100% 0 0,00€
TOTAL 204 mé.obé |
(Fauit Managerent ) B (Piahtview ) (Etectrical view ) (incident Tracker )
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Use case 2:, Ask Albert" to find out..
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Faull Managament - Incicient Tracker

- Modube Narrwe
Module LI
Modula 16_7
Module 190
Modle 17_3
Mocule 1218
Module 1535
Module \7_8
Module 1213
Module 19_12
Module 13_1%
Module 10,6
Module L5 13
Module LB_7
Module 1236
Module 17_13
Modute 15_17
Module 16,17
Module 16,12

-

- .

88899883229 83833339 o7

v

* Module faults include broken glass, burme diodes, hotspots, P10, LID, or any other type of module ineffioences These can be dealt with by
replacing the fsulty unit.

* Shading losses can be svoided by esther removing the object casting the shadow (if ible] or rel
location.

3 the modules to 3 better

* Total powes loss is equivalent to more than K modulels).

T D

Q
EXPECTED LOSSES
Feed-m Tanf ozec
Expected losses n the next 12 month o3¢
Expectad lostes until PPA ends (12 years 3 emonths) 63600 €
Marntanance costs 2520 €
Braak-even iIn 5 morhis)
Costs and Revenue =
%00
e
> R
200 /_»r/
_—‘_.' =
_—"t’-‘
g Ureak and S mBAthe
g ° P o
,-".—_
___/-r—‘
,/"_
200 wptwcarrnt Cont 242 00 €
e
400
14 a () o o a ' | | \ 1 '
Year{y
+ Revenoe line e i

o It wil cost 252 eurcs to fix saiected issues.
* The payback paried i S months  you mvest and replace the modules now.
* The losses are also expectad to be shightly higher, 2z these issues will influence the performance of the plant as 2 whole.

NS
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How is this possiblee

Actual cleaning
7 Jan

250

Here module was cleaned!

I _

200

—
Module power
150 / I

0 1

Time line

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
uuuuuuuuuuuuuuuuuuuuuuuu
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Exact soiling and cleaning quality NanSniffer

Actual cleaning

This is the
Improvement

Now we can
calculate cleaning intervals and
propose cleaning schedules
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Result Sniffer’

With loT modules are classified in loss classes:
Service decision proposals base on automated ROI
calculations

Defect modules are bundled and services can be more
efficient

Initiating services can be automated

O&M is completely different
and highly improved

Module Digitalization! @



The SunSniffer®
Digital Twin
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Why a Digital Twin ¢
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Complexity is massive:

SunSniffer® Digital Twin Analytics

©https://agil 1ouse.com/er ity-the-human-condition.html

All factors are interlinked and correlating

Module Digitalization! @
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SunSniffer® Digital Twin Analyfics Sniffer”

We need to analyze and link those factors to performance.
With maths.

©Argonne National Laboratory, https://www.flickr.com/photos/35734278 @N05/3323018571

Aim: Reduction of complexity
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SunSniffer® Digital Twin Analytics unSniffer

Result:
Digital presentation of a module - 16-dimensional matrix

+ SunSniffer® Digital Twin, working with artificial intelligence
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SunSniffer® Digital Twin Analytics Sniffer’

Output: Quality factors of each module

STC values of each module

Parallel and serial resistor information
Diode quality information

Etc.
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SunSniffer® Digital Twin Analyfics Sniffer”

Results:

Objective quality assessment of each module,
STC values in operation

Easy quality comparison, easy prediction

Decisions based on ROI calculations

Module Digitalization! @



Thank you very much
for your attention!

ANy gquestions:
ingmar.kruse@sunsniffer.de

SunSniffer GmbH & Co. KG Tel.: +49 911 - 993992 0
Ludwig-Feuerbach-Str. 69 Fax: +49 911 - 993 992 33
90489 Nurnberg info@sunsniffer.de
Germany www.sunsniffer.de
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