O&M for PV Series:

Lowering OPEX
Costs for PV

Projects
Ruben Martin / Head of O&M UK
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ABOUT BELECTRIC O&M

* ~£18 bn market capitalisation

Global organisation

* ~23 m customers across Europe

* ~40,000 employees
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ABOUT BELECTRIC O&M

International network of companies
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ABOUT BELECTRIC O&M

PADCON Monitoring Services

PADCON GmbH is specialises in monitoring solutions and system
communication for PV power plants. The extensive product portfolio
includes solutions for solar power plants worldwide.

With more than 3,0 GW of monitored plant output in 21 countries
worldwide, PADCON consequently ranks among the largest and most
experienced suppliers of SCADA systems for PV power plants.

In addition, since 2013 PADCON has been offering intelligent solutions
with the Float Controller family in order to stop PID on PV systems
simply and effectively, and to recover the affected modules
successfully. Accordingly PADCON stands worldwide for “Made in
Germany”“, innovative solutions, and permanent, technological
progress.

MORE THAN

37.000

MORE THAN 350 MW MORE THAN

3;0 GW Currently the largest monitored 1 ,2 GW

Monitored PV Power Plant capacity PV Power Plant Installed PID Killer worldwide

Installed combiner boxes
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O&M trends & challenges

#1 #2 #3

Digital Larger Across sectors
technician portfolios

#5 #6 #7

Cyber Security Drone surveys Grid integration

#4

Oo&M
competitiveness

#8

3D printing
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ADVANCED TESTING AND INSPECTION

Drone surveys

Thermal inspections EL tests Topographic surveys

i
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PERFORMANCE IMPROVEMENT

PID Degradation resolution

If the modules have a negative potential to earth in operation, there is an equally

high negative voltage between the cells of the PV module and the aluminum
frame.

The effect is stronger the closer the module is to the negative pole of the PV array,

because the potential there can reach more than half the amount of the array
voltage.

As a result electrons follow this electric field and finally flow out the module via
the aluminum frame (leakage currents).

© CAUSES @ SOLUTION

* The system configuration (e.g. length of strings, inverter type). * Increasing the entire PV generator to a high positive

* High ambient temp, high irradiation, high humidity, .. potential relative to the earth potential by using PADCON
* The quality of your modules Float Controller.

© CONSEQUENCES
* Performance loss * Immediate PID protection
* Higher degradation rate for modules .

Regeneration on up to 100% of the nominal capacity
e Securing your returns

(@BELECTRIC 9
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PERFORMANCE IMPROVEMENT

PID Degradation resolution

DRIvE slehLLE STAKEHOLDER INTERESTS
BN INVESTOR: Protection of asset and expected revenves |
EXISTING Stop Loss Recovery FINANCING INSTITUTE: Protection of refinancing E
PV PLANTS (thin-film modules) (crystalline modules) @ TECHNICAL ADVISOR: Technical Due Dilligence 5
ASSET MANAGER/O&M: Bonus-malus system !

INVESTOR: Protection of asset and expected revenues
FINANCING INSTITUTE: Protection of refinancing
NEW PID Protection RBCOVEI’V of da||v loss @ EPC (+0&M): Bonus-malus system, guarantees

PV Plants (crystalline & thin-film modules) (crystalline modules) TECHNICAL ADVISOR: Yield reports incl. 5% PID free loss
ENGINEERING: Prevention as a part of system design
ASSET MANAGER/O&M: Bonus-malus system

L I e |
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BIG DATA BASED O&M

Scope of services

Preventive Warranty claim Performance
Predictive analysis maintenance management engineering

Cleaning Performance reviews Cyber Security

o gy
Technical Asset
Management

Reportings Coating

Forecasting

Al

Solar PV
Performance
Services

Q

Repower and
Upgrade

Inspection &
Maintenance

Monitoring Landscaping

Remote Control Corrective Spare part PID solutions
maintenance management
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BIG DATA BASED O&M

Data driven knowledge transfer

Engineering
Procurement —~~
Construction /

SOURCING & SUPPLY CHAIN

Spare parts

Global O&M teams

International
O&M meetings

Third party service contractor

Warranty management Knowledge

platform

Claim management

Framework agreements

BEST PRACTICE

Forecasting
Cleaning
Soiling
Coating

PID solutions

Workflow
management

Warranty
administration

Cyber Security

CCTV

Intrusion
detection
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BIG DATA BASED O&M

“Make your data work harder for you”

* Datais the most important part of our

business but why?
Diagnostic

e Data allows us to see where we are analytics

succeeding or failing

e Data allows us to look into the future and
predict failures

e Data allows us to learn from our mistakes and
make us better

Predictive Prescriptive
 Data allows us to suggest improvements to analytics

our clients

analytics

* Data allows us minimise a cost, maximise a
gain, mitigate a risk or realise an opportunity
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PROCESSING GLOBAL O&M BUSINESS

Data driven maintenance strategies

(@ + no analytics or sensors needed 1

Reactive Maintenance - spare parts are fully used up

Assets fail before being maintained.

f-” = high downtimes

- failures damage the assets llPrediCtive maintenance
increases equipment uptime
by 10 to 20% while reducing

<N -
e
<R &

Preventive Maintenance @ * no in-process sensors needed
Systemns are maintained at fixed + reduces unplanned downtimes

intervals to ensure continuous + waste in life cycles of spare parts

availability. ﬁ ﬁ ;’ ﬁ ég - excessive maintenance and downtime

overall maintenance costs by
5 to 10% and maintenance

Condition Based Maintenance @ good usage of equipment life cycle
Systems are maintained based - limits unplanned downtimes . . o/

T D | time by 20 to 50%
on simple rules using eguipment » limited failure forecasting accuracy p a n n I n g I e O Y
information. ﬁ éy éy ﬁ G} - mediumn risk of failures remains
Predictive Maintenance - optimal usage of equipment lifetime
Systermns are maintained before failure, @ « minimizes unplanned downtimes
but run as long as possible without — bt ——4—0 00> .
i ) - upfrontinvestment necessary
interruption. ﬁ ﬁ ﬁ ﬁ - expert knowledge required

—— production warning f} asset failure Source:
. ) . ; https://www?2.deloitte.com/content/dam/Deloitte/de/Documents/deloitte-
Figure 1. Maintenance strategies in an industrial context e downtime /% maintenance avoided asset failure ps:// / /dam/ /de/ /

analytics/Deloitte_Predictive-Maintenance_PositionPaper.pdf
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ASSET MANAGEMENT TOOL

Best practice: BELECTRIC AMT

Performance
Monitoring

ASSET -
MANAGEMENT infie
mobile app
~ TOOL
Instance- Warranty
S == based user AT e " Management
= - ‘::”:;-‘ administration f System /
i ““ 4 : = | Spare part
Calendar | . .g,f Tlctket : “aeasnc management
functionality i System S T i Ti




ASSET MANAGEMENT TOOL

One-for-all platform

Global O&M

Accounting Purchase Monitoring

Alarm

team

Failure

ASSET
MANAGEMENT

TOOL In-field
Mobile

App Field
Local O&M technician

End of — team
- Subcon- |
- tractor

Preventive

maintenance

Additional
services

warranty
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ASSET MANAGEMENT TOOL

Scope of an Asset Management Tool

MANAGEMENT DASHBOARDS

Jull FORECAST By COMMERCIAL  *A° SENSORS
> SCADASYSTEMS L REALTIME MONITORING

o — D MOBILE APP

ASSET MANAGEMENT TOOL

Qg INTERFACE T0 THIRD-PARTY PROVIDERS Lall | Anaymcs
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! CONDITION MONITORING SYSTEM
1
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© EASY TO ADD NEW DATA SOURCE
—_ -E FIELD SERVICE MANAGEMENT

S E— w TECHNICAL ASSET MANAGEMENT
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/ Thank you for
* vour attention!

Ruben Martin

Head of O&M UK

BELECTRIC Solar Ltd
ruben.martin@belectric.com
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