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200,000+ MW

Total renewable energy megawatts (MW) assessed

FORECAST PROVIDER for

72+ GW

of installed renewable energy projects



UL DRIVES TRUST IN RENEWABLES



ULPROVIDESTHE FOLLOWING SOLUTIONSTO SUPPORT
RENEWABLE ENERGY TECHNOLOGIES.
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Project Asset Due Diligence Grid Cybersecurity
Development Management & Bankability Solutions
Support
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Certification Testing & Energy Software & Research&
Inspection Storage Data Advanced

Solutions Studies
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GLOBAL CONTEXT SOLAR PV
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REGIONAL CONTEXT SOLAR PV

Latin American Market Project Pipeline (MWdc)
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REGIONAL CONTEXT SOLAR PV
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UL SERVICES SOLAR PV

Anticipate Risks from early
stage development

Propose the needed
mitigations

Make sure these are taking
place
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UL SERVICES SOLAR PV

DEVELOPER / EPC / FINANCIER / INSURER

-24 months
PLANNING, DESIGN OPERATIONS &
& ENGINEERING MAINTENANCE
UL SERVICE ENGAGEMENT
UL SERVICE ALIGNMENT
ONSITE VERIFICATION

YIELD ASSESSMENT/ANALYSIS
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KNOWLEDGE ACCESS THROUGH UL
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STAKEHOLDER RISK

Distribution of Risk accross Project lifetime

Stakeholder Risk

Developer/Owner/ A Meeting investor expectation
Operator A Rising operating costs

A Inaccurate risk assessment
Investor/Lenders .

A Declining Cash Flow

A Rising costs
EPC/Contractors A Project delays

A Quality of work

A Performance uncertainty
Insurer . . .

A Equipment failures and lost production
Manufacturer A Warranty
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TECHNICAL RISK
ASSESSMENT




RESOURCE BEST PRACTICES

U On-Site Monitoring Recommendations

U Solar Data Assessment Dashboard

U Long-Term Resource Assessment Approaches
U Modeled Solar Data

U TMYs - Scaling and Rebalancing
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ON-SITE MONITORING EQUIPMENT

Typical Monitoring equipment ‘_
A Two secondary-standard pyranometers (Kipp |
& Zonen, Hukseflux)

A Supporting met measurements (temp, wind
speed, etc.)

A Reference cells for soiling
A Albedometers for bifacial applications
A Heating and ventilation in cold climates

System providers
A Campbell Scientific
) A NRG Systems (2016)
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WHEN TO USE ON-SITE MONITORING

Recommended when

1.
2.

Minimal regional data is available (certain areas in Latin America)

Satellite models tend to have higher uncertainty (dynamic weather
variability, snow cover, areas with microclimates due to topography)

Low resource locations (financial margins are narrower)
Local off-taker requirements

Larger projects (50-500 MW) when financers may be more
conservative with larger investment capital.
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MODELED SOLAR DATA

Modeled Solar Data
A Bankable from high-quality data providers
A Regional and seasonal biases still exist

Resource Uncertainty

A Uncertainty should include validation
reference uncertainty

A Monte Carlo sampling approach under
predicts inter-annual variability

A CPR TGYs are raw (scaling and rebalancing
needed)
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VALUE OF ON-SITE MEASUREMENTS
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Typical Solar - With On-Site Data - 6.0% Uncertainty
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EQUIPMENT

U PV Modules
U Inverters

U Racking and Trackers
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TECHNICAL RISK ASSESSMENT FOR MODULES

Long term durability
A Laboratory Tests, IEC and UL tests

A Fieldtests

A Componentlifespan (backsheets, connectors, wires
etc.)

Longterm performance

A Longterm degradation rates

A System performance monitoring
Warranties and replacement

A Warranty claims, testing, availability of replacement
modules, MLPE
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UL TEST STANDARDS
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TECHNOLOGY REVIEW - MODULES
A Certifications
A IEC 61215A Field performance of modules
IEC 61730A Safety agains electrical shock, fire and other hazards
IEC 61701A Resistance from salt corrosion
IEC 62716A Resistance from ammonia corrosion
IEC 60068A Resistance to sand storms required for desertic areas
IEC 62804APot ent i al | nduced) Degradati ol
A UL1703 A Standard for Flat-Plate Photovoltaic Modules and Panels

o o Io Do Do

A Module tests
@ . A Light Induced Degradation (LID), flash tests, reliability tests
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TECHNOLOGY REVIEW T PV MODULES

Is IEC 61646 & 61215 enough?

AcCertification results based on a small population. Not Representative of
the manufacturing capacity.

ADo the tests replicate properly conditions that the modules will
withstand on real conditions?

ADo the test replicate extreme conditions that the modules could have
under normal operating conditions?
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TECHNOLOGY REVIEW T PV MODULES

Is IEC 61646 & 61215 enough?

AAccelerated life tests for IEC standards have been shown to
underestimate some issues arising in outdoor exposure.

Track record of the manufacturer and its internal quality processes are
iImportant to have confidence in the durability of the module.

Factory Acceptance Tests, witnessing manufacturing and QA for the
modules to be supplied to the Project should be pursued.

@ UL and the UL logo are trademarks of UL LLC © 2017. Proprietary & Confidential.
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EVALUATION AND TESTING OF PV MODULES

PV stakeholder testing needs and UL
services to meet them.

Performance
) AAchieve
Quiality standard test
AConsistenc conditions
Safety in productign )
ADeclare non- Compliance to
hazardous _ Standards
failure Compliance A [EC 61215*
conditions to Standards A LD
Compliance to A Factory A PID
Standards Surveillance A PANFile
A UL1703 A IECRE OD- A 1AM
A IEC 61730 405 A Sand blast
A Other market access A Corrosion
A Others
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Durability

APerforms at
extreme
conditions

UL Best

Practice

A Statistical
sampling

A Accelerated
lifetime testing
(TC, HF, DH,
DML, UV)

Reliability

Alifetime
performance
as expected

UL Best

Practice

A Degradation
modeling (site
specific)

A Pre-ship
evaluations

A On-site As-
received
evaluations

A Specialized
Audits

A In-process batch
testing
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UNDERSTANDING FAILURE RATES

A Infant mortality is usually identified

within ~2-3 months
A Resolution can take
significantly longer

A No easy prediction for when or
where component failures will
occur

A Costs of failures in part defines the
useful life of the plant
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TYPICAL MODULE FAILURES

Figure 5 Failure rates according to customer complaints
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TECHNOLOGY REVIEW T PV MODULES

Cell/string
soldering

2009/12/12 20 23

Layup
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TECHNOLOGY REVIEW T PV MODULES

Cell/string
soldering

Layup
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TECHNOLOGY REVIEW
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