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Legal notice

Copyright © 2024 K4K Training & Advisory S.L.
All rights reserved

Unless prior written consent has been provided, this report and/or presentation (hereinafter “publication”) is provided to the legal
entity identified on the front cover or the reader for its internal use only.

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means electronic,
mechanical, photocopying, recording or otherwise without the prior written permission of K4K Training & Advisory S.L.(“K4K”).
Should you wish to share this publication for a particular project with an affiliate, shareholder or another party, prior written

permission is required for which there may be an additional fee.

Important

This publication contains confidential and commercially sensitive information. Should any requests for disclosure of information
contained in this document be received (whether pursuant to; the Freedom of Information Act 2000 (UK), the Freedom of
Information Act 2003 (UK), the Freedom of Information Act 2000 (UK), or otherwise), we request that we be notified in writing of

the details of such request and that we be consulted and our comments taken into account before any action is taken.

Disclaimer

While K4K considers that the information and opinions given in this publication are sound, the reader must rely upon their own
skill and judgement when making use of it. K4K does not make any representation or warranty, expressed or implied, as to the
accuracy or completeness of the information contained in this publication and assumes no responsibility for the accuracy or
completeness of such information. K4K will not assume any liability to anyone for any loss or damage arising out of the provision

of this publication .

The publication may contain projections that are based on assumptions that are subject to uncertainties and contingencies.

Because of the subjective judgements and inherent uncertainties of projections, and because events frequently do not occur as

expected, there can be no assurance that the projections contained herein will be realised and actual results may be different from

projected results. Hence the projections supplied are not to be regarded as firm predictions of the future, but rather as illustrations
of what might happen.
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K4K services

Sample Service Range —

Broad range of services to financiers, utilities, IPPs and

governmental agencies.

Regulatory
Due Diligence

Team background in energy consulting and strategic
advisory.

Demand
Analysis

Regulatory and market due diligence reports that are
relied upon by lenders. _

Pool Price
Forecast
Supported successful completion of 71GW with a
transaction value of US$44 billion, of which USS15 billion R, R,

in Spain. Analysis

Recent Iberian track record developed as market AnPaFI,;\sis
modelling director of EKON Strategy Consulting during
2015-2022. EKON now a registered brand of K4K.
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Financial

Model Review
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Historical capacity mix

We are not building renewables cause the lights are about to go out...

Evolution of installed capacity Capacity mix (end 2023)
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What to make of market outcomes?
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The chicken (duck?) and egg problem...

Market participants make an assessment of profits from the energy market. Renewables energy
sources (“RES”) are price takers but will still affect market outcomes thereby reducing their

remuneration the more they produce.

Without RES

Price
(€/MWh)
A

Energy
margins

Merit order

curve

\

SRMC only

/

> MW

Source: K4K.
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Recap https://www.youtube.com/watch?v=pHrUIGTIqt4.

With RES
Price
(€/MWh)
A
RES A B C
(Additional
supply)



https://www.youtube.com/watch?v=pHrUIGTlqt4

PV saturation when realised price of PV = LCOE

Demand

A

Marginal cost
(€/MWh)

A

<Daylight hours>

Source: K4K.
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PV4
(MW) PV3 /\
Daily demand
profile
PV2
TN
PV1
T~ , Hour
of day
PV1,2
SRMC
CCGT
PV4 _g PV3
ﬁ‘\
SRMC
> PV(0)

Consider simple 24-hour set-up with
gas-fired CCGT. As you add PV
capacity (PV1, PV2) prices will still be
set by CCGT. After a point, the prices
drop.

After market reaches saturation
point, there is no commercial
incentive to build more PV. (Note
that this point has no “missing
money” problem, which happens
when deployment is pushed beyond
this limit .)

Recap https://www.youtube.com/watch?v=pHrUIGTIqt4.
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Evolution of demand in 2024

Below shows REE daily demand (synched by weekday) for mainland Spain in 2020, 2023 and
2024. On cumulative basis, mainland demand in 2023 was 2.41% below that in 2022. Demand to
end July 2024 was only 0.06% above the same period 2023. In fact, over the same period,
demand this year has been slightly below (-0.08%) demand in 2020 when impacted by COVID-19.
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" ———————__
Changing load profile over time

Charts below profile average hourly demand in April through July 2024. Demand is noticeably
lower in the middle of the day. This could be explained by the increase in autoconsumption,
mainly rooftop solar.
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What happens when demand falls?

Daily demand

Marginal cost
(€/MWh)

a

T

SRMC CCGT

<Sunshine hours>
Source: K4K.
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If the demand falls and the
capacity is equal to that of the
starting point, there will be more
hours with a low price.

The solution is to decrease the
penetration of PV so that the PV
realised price does not fall below
the Levelised Cost of Electricity
(“LCOE”).

Notice that the distribution of
prices (positive vs zero prices) is
the same with CCGT retaining
pivotal role!

13



Spanish Electricity Price Dynamics

Background
Key concepts

Review of recent events
Demand for electricity
Thermal generation costs
Regulatory intervention

Modelling assumptions
Modelling results
Thoughts on PNIEC

Final comments

14



i ————

Evolution of generation and prices (1)

»  Daily dispatch by technology and average daily spot prices for Spain in 2022-2024. If you look
carefully one can see how the market works...

*  Note the large amount of wind, flexibility of nuclear, and continuing balancing role of gas-fired
CCGT.
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Evolution of generatlon and prices (2)
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Renewable (especially wind) generation is
inversely correlated with average spot
prices. You can see the same thing at the
hourly level.
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What happens when conventional generation cost falls?
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If the cost of generating with a
CCGT falls - caused by a decrease in
the price of natural gas or the cost
of CO2 - prices in all hours of PV
operation will fall.

The New PV cannot survive with
the same number of very low
priced hours, so the penetration of
PV must be reduced so that the PV
realised price does not fall below
the LCOE.

You have to "close the curtain":
the percentage of low prices has to
drop enough for the realised price
to stabilise at the LCOE. Means
market can absorb less PV than
before!

Do we need to reassess 2030
targets and levels of support?
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Higher prices led to regulatory intervention

Spanish government responded to high wholesale prices by implementing series of short-term
executive measures including a windfall profit tax (starting with RDL 17/2021) and a cap-on-gas
(starting with RDL 10/2022). Both lasted until 31 Dec 2023.

The cap-on-gas, also known as the “Iberian Exception”, led to a significant reduction in spot
prices although it had no effect after 26 Feb 2023 since gas prices were below the regulated gas
price. The windfall profit tax had a benign impact on prices although generators would have
been impacted depending on specific circumstances.
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PMM in a nutshell

PMM (Power Market Model) is
designed to replicate the
operations of the actual power
system about which one is
concerned.

By including the economic and
environmental constraints
facing market participants in the
real world, PMM replicates how
actual decisions are made by
stakeholders when subject to
any slate of operational
constraints, regardless of
whether these constraints are
physical, economic, or
environmental.

And everything in MS EXCEL.
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Modelling innovations adopted from 2024Q2

Every quarter we update a series of standardised inputs which are summarised in the table in the next slide. But from 2024Q2, we have also
incorporated a series of additional changes worth highlighting separately:

“Autoconsumo” adjustment— Demand is modelled on REE data which excludes the impact of behind-the-meter rooftop solar (“RTS”). To
reflect additional cannibalisation of demand by RTS, based on APPA data, we have added 7,133MW of RTS by end of 2023 and adjusted REE
annual demand upwards to reflect RTS’s contribution based on EOH of 1,179, which would be lower than existing or New PV. We do not
increase RTS over time but accommodate it as part of Firm and Economic New PV.

Gas TPA tariff up from 2 to 6EUR/MWh(f) — As CCGT dispatch has dropped, there has been an increase in offers above “simple” SRMC
(=MIBGAS price / thermal efficiency of 50% + 0.4 (Carbon Emission Factor) * EUA price) as suggested by the chart below. This behaviour
could also be explained by CCGT aiming to recover start-up costs over fewer operating hours, wear and tear from cycling, strategic bidding,
etc.

Demand growth=1% in Central and High Cases, and 1.25% in Low Case — To accommodate higher degree of electrification (influenced by,
though not following, the updated draft PNIECs).

Maximum instantaneous dispatch of flexible (pondage) hydro plants (“Pmax”) reduced - From 2.0 to 1.5 * minimum dispatch (“Pmin”) to
reduce the degree of peak shaving to reduce the degree of intra-seasonal price flattening.

Increased competiveness of battery systems - Adjusted downwards TIC New Battery to 750EUR/kW, equal to TIC of New PV.

250 Evolution of hourly prices in 2023-2024 vs “simple” SRMC of CCGT
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Note: Prices spiking above SRMC of CCGT implies offers at a premium over pure commodity gas cost.
Source: MIBGAS, Sendeco2, ENTSO-E, and K4K calcs.
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Overview of Sensitivities

Low Case
(Low1_20240820)

Gas price cap
2022Q3-2024Q4,
MIBGAS/TTF until
2026, CME futures

Fuel prices

Central Case
(Ref1_20240820)

MIBGAS/TTF until
2026, CME futures

High Case
(High1_20240820)

MIBGAS/TTF until
2026, CME futures

i IEA WEO 2023
€02 (VA prices ICE futures ICE futures Announced Pledges
Domestic coal None None Applied
surcharge
IED coal output cap None None Annual output caps

applied

Generation Tax (7%)

5.7% in 2024 only

5.7%, 7.0%, 3.5% in
‘24,25, ‘26 only

5.7%, 7.0%, 3.5% in
‘24,25, 26 only

Demand growth 1.25% 1.0% 1.0%
Green Cent Tax None Applied to Coal Applied to Coal
Annual hours for . . . .

.E New PV 2050 1737 (historical) 1737 (historical)

S

o /\nnual hours for 3000 2500 2169 (historical)

o EY Wind

& .

B8 TIC of New Wind, PV 0

P o Battery (€/kW) -20% 1000/750/750 1000/750/750

o

= oA °[" T | 2000w 20/2.06W

P12 from 2024 from 2024

and PV 2031

' -u Note: Prices real 2024¢€.

EKON s,

NECP growth rates. Brent, coal
and CO2 prices based on CME
and ICE futures. Gas indexed to
oil from 2027 but linked to
MIBGAS in 2024-2025 and TTF in
2026. RDL 10/2022 gas-indexed
subsidy extended in LC although
low gas prices mean no impact.

HC applies coal transportation
surcharge for domestic coal and
a more restrictive view of
Industrial Emissions Directive
(“IED”).

Generation tax reinstated but
removed due to over-recovery
in 2021-2022 and national fund
(FNSSE).

“Firm” additions in 2024 of
2.0GW New PV in CC and HC.
Apply annual caps on the
deployment of other
“economic” New Wind and PV
until 2030 in the Low Case but
forever in other cases. No cap
on New Battery.
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Market price forecasts

Baseload price forecasts
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Prices first move in line with commodity
prices and adjust to new additions (P1)
and then plateau (P2).

As a lot of thermal capacity retires in
the 2030s, a step-up in prices is
expected in the Central and High Cases
(P3).

But even in these cases, renewable
capacity eventually catches up and
prices drop.
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Realised price forecasts

The PV and Wind Capture Prices track
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PV and Wind capture price spreads

K4K predicts that the PV Capture Price 0%
Spread will go from positive to dropping
to between -5% and -15% (on average).
The Wind Capture Price Spread will fall
less.

When New PV and New Wind capacity
are deployed until the Capture Prices
converge on LCOE levels, since New
Wind is “quasi-baseload” (since the wind
blows both during the day and at night),

-5%

-10%

-15% +

-20%

PV Capture Price Spread

25% oo
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Wind Capture Price Spread = ~0 10% - rrrmrm e e
PV Capture Price Spread =

~(LCOE PV — LCOE Wind) /
LCOE Wind

5%

0%

-5%

Wind Capture Price Spread

' . Source: K4K 2024Q3.
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Using the PMM to test different hypotheses

We had plenty of questions at the end of this exercise so we went ahead and ran some path-
specific sensitivities to explore what could affect market and realised prices most. This was done
by defining a series of changes - shown below - and applying them in a cumulative manner to the
Central and Low Cases. We also defined two Combined Cases.

Change applied

Explanation

High demand1

Demand as in Low1.

High demand2

2.5% growth 2025-2035 and 2.0% thereafter, reaching 1.5x CC demand by 2050.

Zero growth

Zero demand growth.

Firm New Build 1

Add 1.5/2.0GW annually until 2030 of Firm New Wind/PV (additional to Economic New Build limits).

Firm New Build 2

Add 1.5/7.0GW annually until 2025 of Firm New Wind/PV (additional to Economic New Build limits).

Uncap from 2025

Uncap Economic New Builds from 2025 onwards.

X/YGW(+) annual caps

Annual caps of New Wind XGW and New PV YGW, uncapped from 2031 if followed by “+”".

RES target

Set generation requirement from RES to 70% of total demand in 2030 and increase to 95% in 2050.
(If binding, we can track the price of renewable certificates (“REC”). Remember there is no “missing
money” problem in our cases: if prices dip, income will be made up by RECs.)

High ACF for New RES

Increase annual hours of New Wind and New PV to 3000 and 2050 respectively.

Low TIC (-X%)

Reduce the TIC of New Wind, PV, and Battery by percentage shown relative to the Refl case.

TIC (gradual) step-down

€/kW 2024-2050: New Wind=1000 to 725, New PV and New Battery =750 to 392.

No RES closure

Never close the existing RES (and cogens).

Endogenous closure

Allow model to close Coal, CCGT, and Nuclear on economic basis.

Gas X discount/premium

Discount /premium on delivered gas price.

Gas price cap

Treatment of RDL 10/2022 (extension or not).

TTF until 2031

TTF commodity price until 2031.

Hydro ACF

Up or down by 25%.

RMC of New Wind and PV

RMC1 halves RMC so New PV=7.5% and New Wind =16%, whilst RMC2 set both to zero.

W econ
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Defining modelling paths (1-2)

Path 1
> Deml
Zero growth
> Dem?2
High demand2 TTF+0 until
2031

Central > T

(Refl) Gas 50%

premium
> Gas50
prem

Gas 50%

discount
> Ga.SSO

disc
Gas price cap
2024Q3-2025Q4 Path 2
Gas
> Cap1l
No gas price
cap

) NoGas
Cap1l

E EKON i, —



Sensitivity results (path 1-2)
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Defining modelling paths (3-4)

RES2 PNIEC3
3/3GW High oath 2
annual caps demand1 —_—
Uncap from RES target 3/3Gw
Central 2025 annual caps
(Ref1) =>  RES1 2 PNIEC1 3 PNIEC2
FNB 1
> FNB1
FNB 2
>  FNB2
High ACF for Path 4
New RES —_—
> ACF1
Low TIC
(-20%) > TIC1
: Low TIC
: TIC2
“ | (-40%) >

eqy
suiung
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Sensitivity results (path 3-4)
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Defining modelling paths (5-6)

>

No RES
i RES target
Lowl Low2
High ACF for
New RES
High
demand1
Fuel and CO2 Low TIC
as in Low (-20%)
Central
Comb1
(Ref1) >
RES targets
3/3GW annual = Comb2
caps
Low TIC
(-40%)

:j EKON sz,

Low3

Path 5
High
demand1
> Low4
Path 6
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Sensitivity results (path 5-6)
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Defining modelling paths (7-8)

High

Central
(Refl)

demand2

TIC step-down

Highl

Central
(Ref1)

Lowl

:j EKON sz,

3/3GW annual
caps
) GoGreenl
4/5GW+
annual caps
) GoGreen2
High ACF for
New RES
> High1A
Allow
endogenous =2 ReflA
early closure
el LOW1A

Path 8
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Sensitivity results (path 7-8)

All-In TWA price (EUR/MWh)
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Defining modelling paths (9-10)

Path 9
) HighHydro
Hydro ACF
x1.25
Central
(Refl)
Hydro ACF
x0.75
= LowHydro
> RMC1
Low RMC for
PV and Wind
Central
(;';f;a) Path 10
Zero RMC for
PV and Wind
> RMC2

E EKON sz,




Sensitivity results (path 9-10)
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Achieving the NECP 2030 targets

Share of renewable generation in K4K 2030 projections
Central Case is 76.00% and 80.88% in
the Low Case (compared to 74% 180 ~ o m oo
target in existing NECP).
NECP capacity targets too aggressive 160
since assume historical hours for 140 Nuclear
renewables, and massive increase in < conl
exports (even to Portugal). 120
: W CCGT
What if the government pursues 100
aggressive targets that exceed E = Cogen
saturation point? 80 B Hydro
Auctions for new capacity only 60 B Other RES
will undermine merchant = CSP
market and be open to legal 40
L mPV
challenge for discrimination.
20 B Wind
Better to use market for green
certificates with firm targets and 0
open to all. (With bonus of no \
“« p .t ( ” Q'(? i@' %?9 \9¢\ (\\{b \é\\é\
missing money” problem even v (:\'b & @k @ &
if one exceeds saturation Q@“* & ﬁ“ N

points.)

Source: Plan Nacional Integrado de Energia y Clima 2021-2030 (“PNIEC”) Jan 2020, K4K 2024Q3.
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And beware PNIEC assumptions

Figura D.7. Resultados Escenario Objetivo H2030

Escenario Objetivo H2030. Plan de Energia y Cambio Climatico.

Espafia Peninsular Generacion minima sincrona: 3N+7 Térmicas Cod 01_2030

Lademanda en ES (TWh): Demanda punta (MW): 47,768

Capacidad instalada en Espafia (MW) Capacidad de intercambio (MW)

Nuclear 3,050 2% Note increase in
1%3% 2% 2%

Carbon 0 0% 4y * | interconnections
Ciclos 24,560 16%

Hidraulica (+ bombeo) 24,140 16% 4 N \/

Eélica 3% L

Solar FV | 38,404 25% ([

Termosolar 2,300 1%

Termosolar almacen. 9h 5,000 3% 4,200

Resto RES 1,730 1% 3,500 §
Cogeneracion y otros 3,980 3%

Baterias 2,500 2% :
Total sistema eléctrico 154,214 100% 600 "l 900

Marruecos

Source: PNIEC (Jan 2020) Annex D.
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Capacity may not need to be that high

Balance de generacion (GWh). Espaiia peninsular Saldo de intercambios anual (GWh)
.I-!ora's’ 6% %
GWh % utilizacion 5o 1%

Nuclear 22,034 7% 7,224 9%,
Carbon 0 0% 0
Ciclos 27,617 9% 1,124
Hidraulica 32,376 11% 1,341
Edlica 109,464 36%
Solar FV | 65,180 21%
Termosolar 4,629 2% 2,013 13,376 S
Termosolar almacen. 9h 15,156 5% 3,031 . : 1,184
Resto RES 12,088 2% 6op7 | Historical
Cogeneracion y otros 18,399 6% 4,623 hours | ~13% of
Generacion 306,943 100% Perfil exportador con t/)arruecos: 0 generation

Saldo ES-FR 27,125 for export?
Balance almacenamiento -4,964 Saldo ES-PT: 12,192
Consumo almacenamiento 22,042 Saldo Neto + Marruecos: - ES EXPORT
Produccién bombeo 13,782 CONGESTIONES (% horas) —) —
Produccion baterias 3,29 ES-FR 53.2% 8.6%

ES-PT 8.0% 0.7%

Spread ES-FR (€/MWh): 234

’/ Source: PNIEC (Jan 2020) Annex D.
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Draft PNIEC even more unlikely

Figura D.4. Resultados Escenario PNIEC 2023-2030 H2030
Escenario Objetivo H2030. Plan de Energia y Cambio Climatico.

Espana Peninsular Generacion MIrima Smorona: 7 o0 +3 NUC

Demanda (TWh}: +20% and +8% respectively but

inconsistent with MITECO figures

Punta horaria de demanda [MW):

Capacidad instalada [MW)

MW % . .
Muciear 2041 1 Same increase in
ofe = % . interconnections
- . %
Ciclos i 24400 12% . | W 2%

Hidrandica {sin bombeo)
Eaolica terrestre

Eolica offshore

Solar FV

Temmosoar

Resto RES IE%

Target PV +90%
and Wind +25%

Cogeneracion y oiros E 4071 2% 00 B0
1%
Almacenamisnio 17EIT 2%

Total sistema 203643 100%
Electrolizadores 10881

Informacion adicional:
Foiencia removabie en Espafia peninsular (MW) 154403 TE%% del Todzl sisferna

Source: Draft PNIEC (Jun 2023) Annex D.

I
EKON s
consuiung
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.

Generation and capacity probably too high

More balanced with PT

but FR takes up the slack
Muciear HETA B
Carban o 0%
Ciclos 16516 4%
Hidrandica [sin bombeo) 28041 B¥%
Edlica terrestre 116270 3%
Edlica ofishore = ils ] 3%
Solar FW 127212 38
Temmosdar B4 70 I
Resto RES 13743 4%
Cogeneracion y otros 18356 5%
Generacidn ™ 3TES51 100%

= Sin aimacenamiento

Fer Maruecos | Still ~14% of

Balance almacenamiento -7404 =Wh generation
Consumo IGE2T GVih >
Produccion 29215 Saldo ES-FR 43105 /\ for export?

Saldo ES-PT: _2267

Saldo neto internacional (FR, PT. MA) C 52737 )

Pos o 53t (mportadon Negativo: 5akio exportador

CONGESTIONES (% horas) — -—

ESFR 67 4% 274

ESPT 55 129

Spread ES-FR (EMWh) ©1. 222

¥ Ledla hoats de ja dferencla de vecios en cada harg e valor ab soiuto

’/ Source: Draft PNIEC (Jun 2023) Annex D.
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Final comments

What if government targets capacity that exceeds saturation points? Let’s hope they don’t
discriminate between different cohorts of assets! Setting an aggressive green energy target
(GWh) and backing this up with tradable green certificates would ensure that all investors - old

and new - are protected from the inevitable electricity price crash.

So get informed and if you want to take a view on realised prices for PV or wind, think about

these:

Demand growth

<—— Re saturation point

Fuel prices

EUA prices

<—— Short-term impact

Taxes (Generation Tax, Green Cent Tax)

Lifetime limit for existing plants (cogeneration and renewables included)

Hydrology

Operational hours for New Wind and PV

Capex, leverage and cost of capital of New Wind and PV
Rate of deployment of New Wind and PV (including rooftop)
Measures to meet PNIEC targets (including auctions)

<— Especially important

W econ

47



	Slide 1: Spanish wholesale electricity price dynamics
	Slide 2: Legal notice
	Slide 3: K4K services
	Slide 4
	Slide 5: Historical capacity mix
	Slide 6: What to make of market outcomes?
	Slide 7
	Slide 8: The chicken (duck?) and egg problem…
	Slide 9: PV saturation when realised price of PV = LCOE
	Slide 10
	Slide 11: Evolution of demand in 2024
	Slide 12: Changing load profile over time
	Slide 13: What happens when demand falls?
	Slide 14
	Slide 15: Evolution of generation and prices (1)
	Slide 16: Evolution of generation and prices (2)
	Slide 17: What happens when conventional generation cost falls?
	Slide 18
	Slide 19: Higher prices led to regulatory intervention
	Slide 20
	Slide 21: PMM in a nutshell
	Slide 22: Modelling innovations adopted from 2024Q2
	Slide 23: Overview of Sensitivities
	Slide 24
	Slide 25: Market price forecasts
	Slide 26: Realised price forecasts
	Slide 27: PV and Wind capture price spreads
	Slide 28
	Slide 29: Using the PMM to test different hypotheses
	Slide 30: Defining modelling paths (1-2)
	Slide 31: Sensitivity results (path 1-2)
	Slide 32: Defining modelling paths (3-4)
	Slide 33: Sensitivity results (path 3-4)
	Slide 34: Defining modelling paths (5-6)
	Slide 35: Sensitivity results (path 5-6)
	Slide 36: Defining modelling paths (7-8)
	Slide 37: Sensitivity results (path 7-8)
	Slide 38: Defining modelling paths (9-10)
	Slide 39: Sensitivity results (path 9-10)
	Slide 40
	Slide 41: Achieving the NECP 2030 targets
	Slide 42: And beware PNIEC assumptions
	Slide 43: Capacity may not need to be that high
	Slide 44: Draft PNIEC even more unlikely
	Slide 45: Generation and capacity probably too high
	Slide 46
	Slide 47: Final comments

