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Presentation Outline

. Lifecycle costs and related risks in PV investment financial model
. Gaps in EPC and O&M technical aspects
lll. Best-practice guidelines for EPC and O&M contracting
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SOLAR

Lifecycle Costs in PV Investment Financial Model
EPC and O&M are Influential to CAPEX and OPEX

» CAPEX is dominant in » Majority of CAPEX is

» Wide O&M range in

lifecycle costs EPC OPEX
(75-90%) (70-90%) (30-70%)
Lifecycle cost of surveyed PV financial models % EPC costs in CAPEX of 9 surveyed PV projects in UK and FR % O&M costs in OPEX of surveyed PV financial models
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Data from surveys of

A 18 PV financial models (ground-mounted plants, FR-UK-DE-IT, 2011-2015)

A 8 EPC and O&M contracts (ground-mounted and rooftop plants, FR-UK-IT-NL, 2014-2016)
A 7 yield reports and scientific literature
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SOLAR

Technical Inputs in EPC, O&M and Yield Estimation < Sesem

Gaps Analysis in Technical Assumptions

Risk Phase/field Identified criticaltechnicalgaps
YearO Procurement 1. Insufficient EPC technical specifications to ensure that selected compor]
product selection are suitable for use in the specific PV plant environment of application.
and testing 2. Inadequate component testing to check for product mémaiuring
deviations.

3. Absence of adequate independent product delivery acceptance test and
criteria.

Planning/ 4. The effect of longerm trends in the solar resourdenot fully accounted

lifetime energy for.

yield estimation 5. Exceedance probabilitig€s.g. P90) are often calculated for risk assessme
assuming a normal distribution for all elements contributing to the overa
uncertainty.

6. Incorrect degradation rate and behavior over time assumed in the yield
estimation.

7. Incorrect availability assumptioto calculate the initial yield for project
investment financial model (vs O&M plant availability guarantee).

Transportation 8. Absence of standardized transportation and handling protocol.
Installation/ 9. Inadequate quality procedures oomponent unpackaging and handling
construction during construction by workers.

10. Missing intermediate construction monitoring.

Installation/ 11. Inadequate protocol or equipment for plant acceptance visual inspectior
provisional and 12. Missing shorterm performance (e.g. PR) check at provisional acceptanc
final acceptance test, including proper correction for temperature and other losses.

13. Missing final performance check and guaranteed performance.

14. Incorrect or missing specification for collecting data for PR or avityabil
evaluationsincorrect neasurement sensor specificationcorrect
irradiancethreshold to define time window of PV operation for
PR/availability calculation.

Risks Operation 15. Selected monitoring system is not capable of advanced &miétction and

during identification.

operation 16. Inadequate or absence of devices for visual inspection to catch invisible
defects/faults.

17. Missing guaranteed key performance indicators (PR, availability or ener|
yield).

18. Incorrect or missing specification for collecting data for PR or availability
evaluationsincorrect neasurement sensor specificationcorrect
irradiance threshold to define time window of PV operation for
PR/availability calculation.

Maintenance 19. Misshg or inadequate maintenance of the monitoring system.

20. Module cleaning missing or frequency too low.

» Gaps exist across all

project phases

Data from surveys of

A 18 PV financial models (ground-mounted plants,
FR-UK-DE-IT, 2011-2015)

A 8 EPC and O&M contracts (ground-mounted and
rooftop plants, FR-UK-IT-NL, 2014-2016)

A 7 yield reports and scientific literature
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SOLAR

Gaps in EPC Contracting
Year-0 Risks

A Insufficient EPC technical specifications for major plant components
A Inadequate component testing
A Absence of product acceptance

A Absent standard protocol for transport and handling

A Inadequate protocol for component handling by workers
A Missing construction monitoring

y
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SOLAR

Gaps in EPC Contracting
Year-0 Risks

A Inadequate visual inspection protocol
A Missing/incorrect short-term performance check at provisional acceptance
A Missing/incorrect final performance check
A Absence of guaranteed performance
A Missing/incorrect:
T Assumptions in performance calculation

T Measurement sensor specification
T Irradiance threshold

4
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SOLAR

Gaps in O&M Contracting
Risks During Operation

A Inadequate monitoring system for advanced fault detection and
identification
A Inadequate visual inspection protocol
A Absence of guaranteed performance
A Missing/incorrect:
T Assumptions in performance calculation
T Measurement sensor specification
T Irradiance threshold

A Missing/inadequate monitoring system maintenance
A Module cleaning missing or frequency too low

y
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SOLAR

PV Financial Model T Technical Risks :

Gaps in Technical Assumptions Leading to Technical Risks Impacting PV

Investment Costs

Alncorrect set-ups of
EPC and O&M

Alncorrect yield
estimation

PN,

BANKABILITY

RISKS

4
\v‘f

Alncrease costs
(CAPEX or OPEX)

AOver- or under-
estimation of yield

AType 1 risks
influence plant
performance and
yield

AType 2 risks cause
partial or overall
plant outage A
lowering plant
availability and yield

4
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Managing PV Technical Risks

Technical Aspects in EPC and O&M Contracts

» Are important since they affect CAPEX, OPEX or yield.

» Need to be set up properly to minimize technical risks.

SOLAR

L]
BANKABILITY

Technical
Scope of works specifications
[ Engineering & design
[ Component procurement | Design & technology

rConstruction & installation |

Test & commissioning |

Decommissioning
Site/structural study
Weather station

Site preparation

Access roads/paths

O&M manual provision

I
[
|
|
[ Surveillance/security
|
|
[
[

Initial spare parts

Component brand &
quality

Component warranties

Testing & Performance &

acceptance guarantees
i Performance

C;r;?‘ti::;?‘on measurement &
g calculation

k vy

Completion test Guaranteed
performance

Provisional
commissioning

.

Guaranteed availability

J

)

Final commissioning

Defect liability period /
EPC warranty

Scope of works

Monitoring

Preventive maintenance

Predictive maintenance

Corrective maintenance

Reporting

Spare part management

Warranty claim management

Site security & maintenance

Cleaning of PV modules

. — i — i —

J
l
}
)
J
J
}
l

Performance &
guarantees

Test protocol

Performance measurement &
calculation

)

Guaranteed performance

Guaranteed availability

Yy Y =
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SOLAR
.

Best Practice Checklists
Tools to Minimize Technical Risks by Proper EPC and O&M Contracting afe

Yield Estimation

Three main checklists are:

1. Best Practice Checklist for EPC Technical Aspects
2. Best Practice Checklist for O&M Technical Aspects
3. Best Practice Checklist for Long-Term Yield Assessment

Three supplementary checklists are:

4.  Checklist for As-Build Documents i Type and Detalls
5. Checklist for Record Control
6. Checklist for Reporting Indicators

y
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SOLAR

Best-Practice for EPC and O&M Contracting :

Technical Aspects & What to Look for in The Contracts

EPC contract
Definitions, interpretation
Contractual commitments
Scope of works i engineering
Scope of works i procurement
Scope of works T construction
Scope of works i administrative and others
Manufacturer warranties
EPC warranty and Defect Liability Period (DLP)
Key performance indicators (KPIs) and guarantees
Commissioning and acceptance

C—TOTMMOOT®>

O&M contract
Definitions, interpretation
Purpose and responsibilities
Scope of works i environmental, health and safety
Scope of works i operations
Scope of works T maintenance
Scope of works i data and monitoring
Scope of works T spare parts management @
Scope of works T plant security BestPracticeChec
Key performance indicators (KPIs) klists PDF
Contractual commitments

—TOTMMUOUO >
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SOLAR

Best Practice Checklists
Online at www.solarbankability.eu

Annex C — Best Practice Checklists ©2. Best Practice Checkiist for O&M Technical Aspects 3. Best Practice Checklis! for Long-Term Yield Assessment
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TeChnlcal RlSk FIaSh CardS Best Practice Guidelines for

. o Cost Calculation
On | | ne at WWWSO|aI'ban kabllltv eU Accounting for Technical Risks and Assumptions in

PV LCOE

BANKABILITY

Deliverable D3.2
13/12/2016

Categorization based on:

A Risk impacts CAPEX/OPEXl/yield
A Risk mitigation impacts on CAPEX/OPEX/yield

1. Insufficient EPC technical specifications to ensu‘ Phase of risk occurrence
Risk 1. Insufficient EPC technical specifications to ensuil  =ie i eee igie
Risk 1. Insufficient EPC technical specifications to ensuil  =ic o e ioge

that selected components are suitable for use in th
specific PV plant environment of application

Procurement  Planning
A\

g

o&M Construction

Key takeaway PV plant component specification and requirement in the EPC contract should be as detai

Risk flash cards with following info:

Img possible to ensure that the components procured are suited for the intended PV ir
T Img specific application, site and environment
A
A Descrl ptl O n Of th e rIS k! y Ei Impact of risk LCOE variables impacted by this risk: CAPEX OPEX Ysld
A 1 1 Mitigations A Componentesting When specifying the technical requirements for PV
P hase at Wh I Ch th e rISk OCCU rSl A Design review + plant components in the EPC contract, in addition to

construction monitoring the component type and quantity, the specifications

A Key takeaway of the risk, A Eraualicaton | Should aiso include:

A
A Advanced monitoring 1 All applicable certifications and conformances (e.
e - " . - IEC61215, IEC61730CHL701, IEC62804, IEC617
A M |t| gatlons '? Basic monitoring for modules; IEC62109, IEC61000 for inverters;
! A Advanced inspection mark of compliance for all electrical components)
A RISk and m Itl a.tl O n Im a.CtS On LCO E ’f‘_\ Visual inspection 1 The environmental condition the components will
g p A Yield/performanceest be installed in (temperature, humidity, wind and
snow load, any special chemiexdposure,
corrosion risk etc.)
Img 1 For PV modules, module component bill of
mit materials and the proof of IEC certification
Img documents for these materials
miti
Impact of LCOE variables impacted by the risk CAPEX OPEX Yield
mitigation mitigations: v
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SOLAR

Reports BANKA.BILITY
Online at www.solarbankability.eu
2
Review and Gap Analyses of Technical
Assumptions in PV Electricity Cost

Report on Current Practices in How Technical
A re A in PV Cost

Calculation

ms Deliverable D3.1 report

B
[

AiReview and Gap Analyses of Tech
Electricity Cost i Report on Current Practices in How Technical
Assumptions are Accounted in PV

=
Best Practice Guidelines for PV
Cost Calculation

——————— . ) 121 I\V/=Y - 1 0] [ D S IV report

AfiBest Practice Gui del i iiAcsourtigr PV
for Technical Ri sks and Assumpt.
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