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ASubTaskbijective, background and context
AActivities of past 6 months

AWork plan for next 6 months

ADiscussion on risk mitigation strategies
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Objectivetocollect and analyse data on PV financial n
thatdescribeurrent practicasd taleveloguidelineand
scientifically based recommendations fousewetmhnical
assumptions and knowledge in PV investment financi
models, includingeans of possible risk manag&ment
technical viewpoint

Activity  Description

1.1 Overview of current practices in technical assumptions in F
investment financial models

1.2 Guidelines in accounting and managing technical risks in F
models by means of inputs from scientific inputs
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AFirst draft of two chapters in planned es{sorial
(next slide)

APresentation at EU PVSEC
I paper submitted to Progress in Photovoltaics (still under re
I manuscript (short version) delivered for proceedings
I PowerPoint for oral presentation developed
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First draft of two chapters in planned deliverable:

3. Overview of Current Practices
A 3.1 Financial Models fom®¥stment

A 3.2 Technical Assumptions Used in PV Financial Models

I 3.2.1 Capital Expenditures
I 3.2.2 Operating Expenditures
I 3.2.3 Energy Yield Estimates

4.Review and analysis of technical assumptions used in PV finan
models
A 4.1Technical assumptions and scientific data

A 4.2Reliability and failures of PV system components
A 4.3Experimental validation of expected yield
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TECHNICAL PARAMETERS USED IN PV FINANCIAL MODELS: REVIEW AND ANALYSIS

Jan Vedde!, Mauricio Richter’. Caroline Tj elldgdrawiraz, Bert Herteleer™®,
Magnus Herz*, U. Jahn*, B. Stridh’, Lyndon Frearson® and Mike Green’

'SiCon. J N Vinthersvej 5, DK-3460 Birkerod, Denmark, Jan. Vedde@mail dk.
’3E sa, Quai a la Chaux 6, 1000, Brussels, Belgium,
*KU Leuven, Oude Markt 13 - bus 5005, 3000 Leuven, Belgium
“TUV Rheinland Energie und Umwelt GmbH, D-51101 Cologne, Germany
°ABB Corporate Research, Sweden
CAT Projects, Alice Springs NT, Australia
'M.G. Lightning ltd, Israel

ABSTRACT: When photovoltaic (PV) projects are developed and constructed for investment purposes, financing from
professional investors and banks are required, and financial models are developed that describe the expected cash-flow
generated by the PV plant over the economic lifetime of the project. The calculation 1s based on models that require both
technical and financial inputs. In this paper we will review and analyse the technical assumptions in these models and
discuss how the techmical assumptions are typically used and to what extent the uncertainty related to the input
parameters are appropriately addressed. Finally, a calculation and visualisation method is presented that highlights the
nature and effect of this uncertainty.
Keywords: PV financial models, Risk assessment, Uncertainty,
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EU PVSEC presentation:

Technical Assumptions Used in PV Financial
Models: review and analysis: review and analysis
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ABackground & Motivation

AQuestionnaire and gatalysis

ATechnical parameters used in energy vyield calculatic
ATechnical parameters in relation to OPEX & CAPEX
AFinancial modelling & Input parameter distributions
AOutput variables

AConclusions



Background
A Task 13 is a PVPS working grou mmsmmmmss:

with experts in the fieldeladbility,
component failures and energy y
modelling

A Since 2014 also the impact of
technical parameters on the finai
modelling has been investigated

Report IEA-PVPS T13-01:2014

Experts in PV systems Quality & reliability contribution to PV ecor

Technical paramet er s-062816 d |emaill/-P\-(f i m-alnclimgl +mo5d e2|3§1@0n§,§g;§%9n§5 %Pagel0
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‘ Introduction/motivation
A Residential PV systeinsught bydividuals

A Utilityscale PVfinanced investment opportunities
A Profitability is imporiaahd so is uncertainty
A Technical parameters are inviolmachow?

Aenerii ii el d P50% val uce

Technical paramet er s-062816 d |emaill-P V- f i m-aln climyl +mdo5d ez'%ﬁé%?ﬁ%%% 9Pagell
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‘Questionnaire: Technical parameters in financial

A Screening of 84 project
presentatio

A Information extractéocus
on uncertainty

A Data analysisrevel bias
towards

Topics:

Exampl e questi C

3.2 Has sources of soiling been identified, registered/measured and asse

pon 022,10 %:1.0%:-1.0%:-1,5%:2,49%:3.0 %:1.0% :1.0% :0,014;

3.7 Has the dc and ac cabling loss been calculated?

Compared to another project an extra cable loss of 5% has been estimat
0,01:0.9 % -0.1%:3:0.6 % -0.0 %:0,2% -0,7%:0,2% -0,7%:3.4 % -7.4 %;
0.1 % -6.2 %:1.5%2.0%:1.1 %0,3%;

How is uncertainty in these inputs dealt with?

1. The projettownership, development status etc.

2. The sité& location, irradiation assumptions, installation basics (roof/ground mounting), lease condi

3. Systemlesign components selection, electrical engineering, grid connection etc. of relevance for
4. System costwith relevant breakdown into BoM

5. Business moddPP, FIT, own consumptioamatsring.

6. Operation and maintenaniegradation, soiling, replacement cost, labour, etc.

Technical parameters seems on

Technical paramet er s-062816 d |emaill/2P V.o f i nalkncling| +mo5d eZI%Qnéékc‘gg%%S 9Pagel?
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Energy yield calculatiobservations
A Many suimodels in cascade are in use to catndelg

Technical parameters are often presenteghaptiecision,
refe re n Ce&. u n Ce rtal ntylc,)()l Loss diagram over the whole year

A lIrradiatiofrom many sources

— 1001 kWh//mZ/// Horizontal global irradiation
+13.1% Gilobal incident in coﬁ. plane

But al so 0gue.s.tl.l. matye:s0...a

f
efficiency at STC = 13.7% V conversion

T

>

S OI I | n g . 1 % 1% 92657 kWh k efficiency at STC = 13.7%
[\ -0.8% PV loss due to temperature
h ) -3.3% Module quality loss
-2.2% Module array mismatch loss
1

DC loss (current mismatc
A Model operator is important e t Ay it nery st PP

\ -3.3% Inverter Loss during operation (efficiency)
Ny 0.0% Inverter Loss over nominal inv. power
\> -0.0% Inverter Loss due to power threshold
0.0% Inverter Loss over nominal inv. voltage
Ny 0.0% Inverter Loss due to voltage threshold
‘“—____ 75814 KWh e Available Energy at Inverter Output

et

Convey the impression that Energy can be calculated with high pt
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Operational expenditiireschnical assumptions in L

A Contract regulate fee based on Technical Availabil
response time etc.

A Wear profile of components (inverter lifetime), MTI
O&M replacement strategy

O&M contract is prepared by legal team but do reflect technical a:
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