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@ Agenda

Climate

Change * Presentation of Everoze

* Project finance and the role of a technical advisor
* Focus on the energy yield assessment

* Presentation of the work

e Conclusion
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/@\ Presentation of Everoze

An employee-owned technical and commercial
consultancy, specialising in renewables, storage,
hydrogen and wider energy flexibility.

Climate Change
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Climate
Change

Technologies and services

OSW SUPPLY CHAIN
STRATEGY SUPPORT

\
ENERGY INNOVATION

ONSHORE WIND
SUSTAINABLE FINANCE

BIODIVERSIT |
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Tailored scope through the value cycle

Climate :
Strategic Support: Market
Change B
= |ndustrialisation strategy
= Market entry support
= Sustainability strategy
Market
development Project feasibility
= Economic modelling N
= Production assessments S T s e
= Sjte evaluation Vendors Due Diligence * Portfolio monitoring
Project support * Detailed engineering review * Life Extension Assessment
* Financial model inputs Framework (LEAF)
* Permits & environmental
* Sustainability services
Project

Operate Extend life
development

)

Strategic Support: Technology

* Technology strategy development

* Market requirements review
Technology * Competitor benchmarking

Due Diligence & Project Support

« Due Diligence - equity asset acquisition
* Detailed OpEx analysis and budgeting

* Owner’s Engineer

* Sustainability services

development
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/«@\ Project finance

And the role of a technical advisor

Climate Change
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Climate
Change

Project’s stakeholders

* How to make a project happen

The Sponsor has a project
and is looking for funds

N o /

The Technical Advisor reviews
the technical viability of the
Sponsor’s project to support

the Lender

The Lender, can provide the
funds
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Energy assessment is important

~ Climate

Change But it is not the only element of project development
= =3
Water management
e Natura 2000 Project
Environment pcevelopersare Local Acceptation
Protec:ted Vegetation Tree | 2 C“matOIogi?ts - idi . -
species management learing Building Permit - -
" o o o Artificial Polluted land
3 Administrative BN
authorization suang Land use
li Conﬁ;igtion (Landlords, authorities)
Grazing Car parks

= Ta nffs Greenhouses
. . Agrivoltaic
- . Human activity
Protected building
sector
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@ Perception of climate change

Climate

Change * Summer is good for PV, so summer all year round is a good thing,
right?
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/r«@\ Focus on energy yield assessment [

P50 and P90

Climate Change
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Importance of

Development

Yield assessment using
bankable tools and
dataset to define a
model of the future PV
project and establish
yield scenarios:

- P50 (sponsor)

- P90 (lender)

the

energy vyvield assessment

Construction Operation

The model used to The model can be
generate the P50 and used as a reference to
P90 scenarios is used assess the asset’s

to assess the system performance over its
performance at lifetime

commissioning
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Simulation tool: PVsyst

Climate

Change * Has been validated by most players in the
PV industry o s

. . P el
* Provides a realistic and accurate model of e g

84.96% (0.15 Gnd. albedo)
Grourd reflection loss
47.93% View Factor for rear side

a PV system Lﬁ

A 16.12% Sky diffuse on the rear sice

* |tis bankable and the industry standard S

1.86% Global Irradiance on rear side (26 KWhim?)

1631 kWh/m* * 55406 mv' coll. Effective irmadiation on collectors
STC=21 ctor =
Normalized productions (per installed kWp) Performance Ratio PR Slgney MOTC = 2641 FV comvarsion; Oilaciety fechor = 0.10:
10 12 20.05 GWh | Array nominal energy (at STC effic.)
! J J ! ! ! ! ! ! ! ! J ! V ! ! ! ! ! -1.25% PV loas due 1o imadiance levet
I T3 KRR 11 [ Pr: Peormanca Ratio (v1 v - 0828 : i
L L& Collection Loss (PV-army ksses) 0.73 kWHKWpiday 4 { B 298% ki dow i epemior:
- Ls: System Loss (mverter, .} 0,12 VR KWRiay oo & .
= 4 144% . "
8 Vi Produced usaul energy (nvertar cutput) 4 08 KWHEWpday i achnge: Slackionl Low o fo SENes
+0.40% Module qualty loss
E -2.00% LID - Uight iInduced degradation
Lt b 3 0.70% Mismatch loss, modues and strings
1 ] £.08% Mismatch for back iradiance
H -0.58% Ohmic wiing loss
4 B 18.19 GWh Array virtual energy at MPP
1.40% Inverter Loss during operation (eficency)
A.24% inverter Loss over nominal nv. power
2 ,Lau 00% Inverter LosS dus 1 max. input cument
LI 0.00% Invecter Loss over nominal inv. voltage
0.00% Inverter Loss due to power trveshold
taocs. Wnverter Loss due to voltage threshold
Jan Fsb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec ' Jan Feb  Mar  Ape May Jun  Jul  Aug Sep Oct Moy Dec |2 0.00% Night consumplion
17.71 GWh | Avallable Energy at inverter Output
050% AC ohmic loss
-087% Medium voltage transio ioss
0.00% MV ine chmic loss
17.47 GWh Active Energy Injected into grid
——
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@ Solar resource

Climate

Change * The reference weather data (irradiance, temperature, wind
speed) is supplied by a data provider

* There are a few active companies that are recognized as
bankable data provider

e The simulation uses a r

| == o
Typical Meteorological | ik e A e

Year (TMY) based on :
historic data

A solution from the past that will last in the foreseeable future
A Typical Meteorological Year (TMY) dataset is derived from a multi-year time series. ,
It is based on past data and is the reference for future performance of any solar PV project.

How representative past data will be of future resource is a key question!
The model can be reused with actual yearly data bl ." M "
Data are bankable because they have been benchmarked against ground mounted

measurements.
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P50 and P90

Climate
Change

P50 scenario

Investment in renewable
energy technologies are
long term (20-40 years)
and the Energy Production
Assessment (EPA) is a key
element of project
development and finance.
Currently, the EPA is based
on historical satellite
imagery derived
irradiation data.

There is growing concern
among our clients

data regarding the potential
negative impact of climate
change (average global
temperature rise) on the
energy yield.

Can we bridge the gap
between the state of the
art of climate research and
industry practice?

- Uncertainty on the model
(design, software)

Year on year variability vs TMY

Probability

n L n L n
28 20 2 34 % ) 40 2
€ Grid svstem production MWh
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/«@\ Presentation of the work

Methodology
Climate Change Results of phase 1
Results of phase 2
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@ Methodology

Climate
Change o

The case study was built in three phases

1. we picked 1 asset in Spain, and tested different data sources to run
multiple simulations,

2. we expanded the analysis to 2 more sites, outside of Europe (Egypt
and Senegal),

3. We completed the analysis for Spain with higher data resolution

Metrics used:

* Energy yield in kWh/kWp
* Performance Ratio (PR) as a %,

PR = Actual Energy Output
" Theoretical Max Energy Output
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Site

Climate
Change

We picked on
purpose real
assets, so we
could potentially
compare the
simulation with
the weather data
provided by ICS
with our previous
work.

In the future, we
> o could potentially
use operational
data to calibrate
the different
models. This was
not investigated
further for this
case study.

select

7 [Eeot] T POdOFA 1 = i, = 7 '--;'.;. —
Seville AN S A S ked
o e‘\/&"ggﬂ' R Israel
e Huglva oDos Hermanas Osg St Lo‘::,ga gggfé\,;%iéég ) A { j.‘r'.}::'(’ a(i;l‘:o”
Punta imen’a O m;‘?{""‘ o
7 . ouba £ )" . l.:._u
=L Da&(ar Thies D.o$ ° 8 o
al £ e Hirones
Garrameda® Js:ﬁfnierz:a E Koolik Senegal Ms -
e 5 =K
cadlz 25 Tambacounda %
, e R o oy
OSan Fernando - Baglul Pt \/«\ 6 Linpr ',A.T:",'\:."
Chlclana de A The“Gambla”\ /_/G'\gzgfa“:s ?
Slonters oida Velingara © €% Niokolo:K{| Amwap
| £ & o "7: National H| °
p data ©2024 Google, Inst. Geogr. Nacional - Te gt ata ©2024 Google Ter Gumea B'ssau
Country Spai Senegal Egypt
Size 63 MWp 35 MWp 64 MWp
Module capacity 395 Wp/module 340 Wp/module 330 Wp/module
Cell technology Si-mono Si-poly Si-poly
Tracking system Tracking N-S Fixed 10° Tracking N-S
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Synthesis of stage one

Climate

e e Data formatting for PVsyst

Evolution of GHI PR

This initial work allowed
us to redefine further

steps. A
The amount of available M’\/\; ‘(\‘ /\/‘WN W\“J\,ﬂ"\\ o R A Vi ‘ \\ Model used CAMS

data was important, we M| ‘
picked one model and m ‘ o “‘v‘;‘qyw‘ m—  SP585
the three scenarios to ‘ \ Ml LAY 1Y TRy
run our initial analysis. SP245
An important effort was 126

dedicated to data
checking and formatting
to be able to work with
PVsyst.

Temperature Specific yield

The results showed that

the potential impact of k ”\’ k i
climate change seemed ) . Wi MV . | ’4\ I “ “ {\/ \,'1
limited when compared i w i \/)/v

with other factors: aging, ; o AL f — j

downtime.

— Some discrepancies in the model between historical and future data.
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@ Synthesis of stage two

Climate
Change

The work focused on future data only

Simulations were run from 2015 to 2065 using 4 models (BCCS,
CMRS, ECE3 and MEHR) and 2 scenarios (SSP2-4.5 and SSP3-7.0)

Additional analysis with hourly data for Spain

The outputs:
— Expected impact on P50 limited:

e Reduction of PR for all locations
* Energy generation stable for Spain, slight decrease for the other sites
— P90:

* The interannual variability may be impacted by climate change
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ECE3 data for Spain

CI | mate Medeled yearly irradiation for ECES - Spain
Change
B \ A /\ /\ X\\/\/\\ //\ / \ [\
SV \ s SN\ 12N | .
; P f\\,\/ A v 7 Y \ / \/\
E 1o00 \/ e ECE3 SP245
ECE35P370

2015 2017 019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051 2053 2055 2057 059 2061 2063 2065
Tima

Modeled yearly temperature for ECES - Spain
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Illustration of the results for ECE3 model and 2 different scenarios
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Climate
Change

Modeled yield and PR for Spain (ECE3)

P50 PR for ECE3

s
s o
a0k
w50 M:; -1 \\-f_fh\_\?’{t\f‘: AR TS (SR W TN AAL, . ECE35P245

B0 ECE3 SP370

E2.50%
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P50 yield for ECE3
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Illustration of the results for ECE3 model and 2 different scenarios
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Further analysis for Spain- hourly data

Climate
Change

Evolution of GH Evolution of PR

Data for phase 2

wejre provided as ' | /\//‘
.dallv.values of mean _ . fj\
irradiance and | . / W\\//}/ \\—/\4\\\7\

temperature. ‘\,/\ \

Those were | = ECE3SP307

averaged into monthly

monthly data and —

incorporated to Sa me t ren d ECE3 SP370
hourly

PVsyst. The hourly .
data was generated . _ - _ _ ' ' N P R an d

by PVsyst algorithm g
yield

before simulation.

~— This approach did

not allow to capture ) \/ \/\‘\/\/\/\/\/ .
potential extreme M = / ™\ /\/ ~ / ‘
daily irradiance and —~ - \/\\\/ \\/\ /\/
temperature figures. s

An additional series
of simulation was
undertaken for the
Spanish asset, based .
on hourly data to see ) ngher GTI
if the more precise
time resolution
would modify the
conclusions

)

from hourly
data
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Climate
Change

BCCS data

for Senegal

Medeled yearly irradiation for BCCS - Senegal

2300

2280

2260

]

2240

2220

Irradiation (kWhimz!

2200

2180

BCCS SP245

=== BCCS SP370

— BCCS_ 245
—— BCCS_37D

2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045
Time

Modeled yearly temperature for BCCS - Senegal

2047 2049 2051 2053 2055

2057 2059 2061 2063

2065

29.54

79.04

Temperature {*C]
=

28.0
7754
— BCCS_245
BCCS_370
2.0 - -
2015 2017 2019 2021 2023 2025 2007 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051 2053 2055 2057 2059 2061 2063 2065

Time.

Illustration of the results for BCCS model and 2 different scenarios
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Climate
Change

Modeled yield and PR for Senegal (BCCS)

P50 PR for BCCS

B1.50%

B1.00%

& B0.50%

e BCCS SP245

=== BCCS SP370

184000
1B20.00
1800.00

178000

KWhiWD

1760.00

1740.00
172000
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- > - W ok @B £ w fd omod o @ P @ £ e s om0 R @ B 2 e rd o
P O T - T I S S B B O T - S G T G L O A T N W SR S . S S = S, S, S = . - R R O |

BIAFLEMENTED BY

PROGRAMME OF

THE EUROPEAN UNION Gpel;plgus c ECMWF




MRS5 data for Egypt

CI | mate Modeled yearly for CMRS - Egypt
Change -

2400

2378 /‘\

g \ - -

= ¥ \
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2300 \ i e CMR5 SP245

\/
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Time
Modeled yearly temperature for CMRS - Egqypt
0
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_»
¥
|1
3
]
£
&

27
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Illustration of the results for CMR5 model and 2 different scenarios
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Climate
Change

odeled yield

and PR for

P50 PR for CMRS5

73.50%

Fa30%

F3.10%

T 0%

TTI0%

PR

TT50%
T7.30%
TTI0%
FEe50%
F&T0%

76.50%

& e e

B i i i e gt

P50 yield (KWh/KWp) for CMRS
2500.00
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21350.00
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220000
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T
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2
2022
021
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E

Illustration of the results for BCCS model and 2 different scenarios
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impacting PR

Combination of factor

Egypt-

P50 PR Year 1and with aging and unavailability

PROGRAMME OF
THE EUROPEAN UNION

Impact on
P50 is

limited

Year 1 PR

Annual PR with aging

Annual PR with aging
and downtimes

1st graph, “climate
change evolution only
2nd graph “climate
change + aging”

3rd graph, adding some
random unavailability

”
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Impact on uncertainty- P90

Climate . . . . .
B POO is impacted by several sources of uncertainty applied to the P50 yield.
Probability distribution
0.50 3 N 1 i I ' I N I v | ' I
0.4sF
! Uncertainty on weather data
0.40 -
0.35 ' Inter-annual variability (IAV)
z 030F =
- £ o20f
0.10f -
0.05fF
0.00k : —
28 30 32 34 36 38 40 42
E Grid svystem production MWh
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Impact on uncertainty- P90

Climate
Change

P50 yield Uncertainties
(e.g. 1350 kWh/kWp) :

Data PV

Weather PV IAV

accuracy Model

data Model

+/-3-6% of P50 +-x% of TMY P50 Exact cable, inverter losses,

) Probability distribution (site dependent) shading +/- 3-4% of the P50
050 T T T T T T Modules aging, etc.+/- 1-2%
- 045F P50 = 35.31 MWh E Of the P50
040 -
osf E Combined uncertainties: 5.0 - 7.9%
= 030F -
; 0.25F -] .
2ok f P90 yield would then be
0.15F . 1214 - 1264 kWh/kWp
010 r
0.05F ]
0.00
28 30 32 34 36 38 40 42

E Grid svstem production MWh
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Climate
Change °

lllustration

of the impact P90

on

Impact on

Evolution of inter-annual variability — example of Spain PO is limited

Inter-annual variability (IAV) over 1 year

) Historic IAV Projections of
IAV
‘ Combined
uncertainty 5.59% 5.41% - 6.41%
over a single
year
\nter—annua\ﬂv.lalrl‘r:!li‘\.‘r\:\t:ili\.r"l ::er 10 years Com bi ned
uncertainty 5.22% 5.20% - 5.31%

over 10 years

Historic data, IAV of 20 years from 2004 to 2023
—— Future 1AV, all models and scenarios (12 datasets), 2024 to 2043
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/«@\ Conclusions

And suggestion of future developments

Climate Change
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Climate
Change

Take-aways and future developments

The expected evolution of climate does not lead to higher
energy generation of solar PV systems

Climate change impact on the yield would have minor impact
compared to other factors

A simple parametric approach could be sufficient to provide a
climate change coefficient for energy yield assessment:

— Evolution of P50
— New uncertainty factors, leading to different P90

More work would be needed to make forecasted data bankable
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Change
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/‘f@\ Thank you

contact@Everoze.com

Climate Change
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/«@\ Back-up

Source data

Climate Change
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Data used in Year 1

9 DIFFERENT METEOROLOGICAL
MODELS

AWI-CM

CAMS
CESM2-WACCM
CESM2-WACCM
EC-Earth consortium
FIO

MRI-ESM

NorESM

Taiwan Earth System

O O O O O O

HISTORICAL AND PREDICTED DATA

Historical : 1950 - 2014
Predicted : 2015 - 2099
Monthly data
Irradiation in W/m?
Temperature in °C
Wind speed in m/s

3 DIFFERENT SOCIO-ECONOMIC
PATHWAYS

o Ssp126 : Sustainability (2.6W/m? 2100 radiative
forcing)

o Ssp245 : Medium challenges to mitigation and
adaptation (4.5 W/m? 2100 radiative forcing)

o Ssp585 : Fossil-fuel development (8.5 W/m? 2100
radiative forcing)
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Data used in Year 2

4 DIFFERENT METEOROLOGICAL
MODELS

BCCS
CMR5
ECE3
MEHR

O O O O O

PREDICTED DATA

Projections : 2015 - 2065
Daily data

Irradiation in W/m?
Temperature in K

Wind speed in m/s

2 DIFFERENT SOCIO-ECONOMIC

PATHWAYS

o Ssp245 : Medium challenges to mitigation and
adaptation (4.5 W/m? 2100 radiative forcing)

o Ssp370: global issues pushed into the
background (7.0 W/m? 2100 radiative forcing)
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Data used in Year 2 — hourly analysis Spain

4 DIFFERENT METEOROLOGICAL
MODELS

BCCS
CMR5
ECE3
MEHR

O O O O O

HISTORICAL AND PREDICTED DATA

Historical : 1950 — 2023
Predicted : 2024 — 2065
hourly data

Irradiation in W/m?
Temperature in °C

3 DIFFERENT SOCIO-ECONOMIC
PATHWAYS

o Ssp126 : Sustainability (2.6W/m? 2100 radiative
forcing)

o Ssp245 : Medium challenges to mitigation and
adaptation (4.5 W/m? 2100 radiative forcing)

o Ssp370: global issues pushed into the
background (7.0 W/m? 2100 radiative forcing)

o Ssp585 : Fossil-fuel development (8.5 W/m? 2100
radiative forcing)
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