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There are two types of “curtailment”, and they happen for different AURSRA
reasons

= Economic curtailment refers to the reduction or restriction of » Grid curtailment happens when constraints on the local electricity grid
electricity generation from a power plant for economic reasons. It prevent further energy to be exported from assets connected close to it.
occurs when the cost of generating electricity exceeds the market

Drice, » Grid curtailment is most prevalent in times of: high (local) RES

production, low (local) demand, high congestion on the local system

» The price at which a generator will curtail will depend on its variable
costs and the structure of its revenues. For renewables this is

normally during zero or negative price hours.

= Compensation for curtailed energy depends on the market rules.
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In this presentation | will be focusing on Grid Curtailment

Source: Aurora Energy Research 2



Nearly 30 TWh of generation was lost to grid curtailment in 2023 AURSRA
across 6 countries in Europe, at a cost of close to 9 billion Euros

Growth in Remedial Actions (RAs) taken to ease grid congestion across Europe?! since 2019 Constraint Management measures in 20234
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1) Europe in this case includes the EU27, GBR, NOR but excludes MLT and CYP. Data for most countries comes from ACER/CEER MMRs, or where unavailable from national TSOs. ITA excluded as data deemed unrepresentative by ACER and no data provided by Terna. 2) RAs due to congestion
calculated from total volumes using ACER figures for congestion. 3) Estimates for 2023 RAs based on data from TSOs in 10 countries with highest congestion in previous years. 4) Based on downward dispatch actions reported by individual TSOs in most congested grids . 5) Only includes RES
curtailment. 6) For 6 displayed countries; FRA cost estimated by comparing against DEU and GBR costs per volume. Sources: Aurora, ACER, BNetzA, EirGrid, ENTSO-E, National Grid ESO, REE, RTE, PSE 3



The cost of managing grid congestion is largely driven by the growth of AURSRA
renewable generation, and the inability for grid investment to keep pace

Constraint management costs?
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1) Constraint management costs in Italy are significantly lower, as zonal prices help price (and solve) structural grid limitations.
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As the pace of renewable development accelerates in resource-rich AURSRA
areas, congestion problems are expected to grow

Deep Dive

» | ocalised development of wind and solar is
creating increasing congestion challenges across
several areas in Spain

»= Anew interconnectorin 2030, and the ASTI? = High load factors in southern zones and the
framework helps bring down curtailment over islands attract large solar and wind buildout
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1) Ofgem’s Accelerating Strategic Transmission Investment (ASTI) initiative. 2) Rolling average. Curtailment here covers only transmission connected assets and includes all energy sources. 3) Key congestion areas include all market zones except for North zone.
High curtailment case considers the occurrence of grid contingencies reducing the grid capacity by 30%. 4) Key provinces with high buildout of variable RES and transmission constraints, includes A Coruna, Badajoz, Caceres, Ciudad Real, Huesca, La Rioja, Navarra,
Soria & Zaragoza. Source: Aurora Energy Research 5



Madrid and Barcelona represent 26% of Spanish demand; the location AURSRA
of renewables away from demand centres puts strain on the grid

Total demand per province in 20231 Renewables capacity connected to the grid, as of 315t May 2024
TWh GW
Solar PV ground-mounted Onshore wind

>20 TWh
<1
= Spanish demand is concentrated in = Solar PV capacity is concentrated in the south of = Onshore wind capacity follows Spanish wind
Madrid, Barcelona and the Spanish coast Spain, where load factors are the highest corridors, with strong concentrations in Aragon
. . . .. . . . North-East) and Galicia (North-west
» The inland provinces have relatively low » Badajoz is the province with the highest solar PV e ) el G lie R (Neriirwesy

capacity = Zaragozais by far the province with the highest

demand levels, but attract significant
capacity, cumulating 11.3% of the peninsular total

renewable investment

Sources: Aurora Energy Research



Uncompensated curtailment in the Technical Restrictions Market posesakey AUR @ RA

risk to investment in renewables in Spain...

Monthly Technical Restrictions costs since Jan 2017
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= Technical Restrictions is an Ancillary Service in Spain through which the TSO
solves grid constraints in the Day-Ahead Market and in Real Time.

= The Day-Ahead Technical Restrictions Market is organised in two phases
(Phase 1 and Phase 2) whilst Real Time technical restrictions are solved
continuously.

= From 2020 to 2023, Technical Restrictions costs have increased at an average
rate of 51 % per year, reaching 1.1 € bnin 2022 and 1.7 € bn in 2023. In 2024
first semester, Technical Restrictions have cost 1.1 € bn, a 36% increase
compared to the same period in 2023.

Non-compensated! renewables curtailment in Spain
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B RES curtailment

= Downward actions in the Day-Ahead Phase 1 is not compensated; in other
words, generation curtailment that happens in the Day-Ahead Phase 1
constitutes a risk for investors.

= 2022 was the first year with significant non-compensated* renewables
curtailment, accounting for more than 1.3 TWh and representing 1.2% of the
total renewables production.

= Non compensated renewables curtailment has been a feature of the Spanish
market since 2022, despite mechanisms designed to lower curtailment like
SRAP (Sistema de Reduccion Automatica de Potencia).

1) Technical Restrictions day-ahead Phase 1 downward. This data is published by Red Eléctrica with a 3 months delay.

Sources: Aurora Energy Research, ESIOS, REE



Renewables curtailment peaks in summer when transmission lines AUR < RA
capacities are low and solar production is high

Day-ahead non-compensated renewables curtailment! in Spain in 2022-2024

GWh » Curtailment typically occursin

hours of low prices, and when
renewables production is at its
highest.
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generation reduces the

250 curtailment risk.

» Curtailment for Solar CPS
200 decreased in 2023 with the
introduction of the SRAP
mechanism, although overall
150 RES curtailment volumes
increased from 1,089 GWhin
2022 to 1,207 GWhin 2023.

100 = Non compensated renewables

curtailment volume in 2024
amounts to 464.3 GWh for the
Jan—Jun 24 period? a 14%
decrease compared to the same
period in 2023.

50
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Solar PV/CSP Onshore Wind

1) Curtailment from Technical Restrictions day-ahead Phase 1 downwards. 2) Data from Jan-24 are preliminary. 3) The weighted average price of curtailment represents the volume weighted
average baseload price at which technologies were curtailed.

Sources: Aurora Energy Research, REE 8




Ten provinces experienced 93% of all identified non-compensated AURSRA
curtailment for solar and wind in 2022 and 2023

Solar and wind curtailed volume in Day-ahead Phase 1 Down!?
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1). Data is published by Red Eléctrica 90 days after curtailment events; 2) Aurora’s team was able to identify the location of 68% of the national Technical Restriction Phase 1 downwards volumes for solar and wind, as Ambiguous programming units pertain to
multiple provinces; 3) Percentages over total curtailment identified in a province, which is 68% of total curtailment

Sources: Aurora Energy Research, REE 9



With RES development continuing in areas with relatively high AURSRA
curtailment rates, the risk of curtailment increases over time...

Shading: Phase 1 Day-Ahead curtailment volumes, as a fraction of total generation (%)
Bars: Installed capacity and capacity in the pipeline (GW)
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... but the downside can be quantified to help reduce uncertainty and enable AURSRA

the delivery of renewables projects

A 50MW wind asset in Soria would see 1671 MWh of lost generation (or 2% of the total generation in 2026), amounting to a total loss of 62k € in revenues due to

curtailment in the Technical Restrictions Market (TRM)

Revenues in 2026
k€ (real 2023)

598
2 5963
62
_______________________ 591
Uncurtailed revenue Revenue loss Economically curtailed revenue Grid curtailed revenue
Generation loss 2.6 1.7
GWh (3%) (2%)

Sources: Aurora Energy Research
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Key mitigations are grid expansion and demand growth, but siting decisions,

co-location and revenue diversification can help manage curtailment risk

Market and Policy

Demand » Placing demand near renewable-rich areas
reduces curtailment risks
“ = New demand technologies, like data

) centers and hydrogen, are particularly
< effective in curtailment mitigation due to

their locational flexibility

Expansion of grid capacity

» The primary solution to grid constraints is
to expand the grid capacity

» Governments are in the process of
accelerating the deployment of grid

Siting

1=
Co-location
e =
273

Incremental Revenue Streams

)

Developers

Grid constraints are highly location-
specific

Alternate sites can alleviate constraints
but might have lower load factors

Co-location enables renewables to shift
their generation to less constrained times

The battery may be able to participate in
other ancillary markets

Diversifying revenue away from the
wholesale market can help mitigate the
impact of curtailment

Participation in ancillary services like
secondary reserve or balancing markets in
the downward direction can offset losses

AURSRA

Sources: Aurora Energy Research
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A business model that considers siting, co-location! and a revenue AURSRA
diversification strategy can increase revenues by over 50%?2

Revenues in 2026, 50 MW3 Solar and 25 MW* Battery
k€ (real 2023)

Siting Co-location Revenue
Diversification
47960 ___________ 70 ___________ 4,890 47926 ___________ 217

|
|

1,905

E

Uncurtailed Revenue Curtailment Loss Grid-curtailed Grid-curtailed Incremental value from  Incremental Value Total Revenue Toledo
Ciudad Real Revenue Ciudad Real Revenue Toledo co-location (WM only) from Ancillary Services
2.3% decrease . .
ofrom 1% increase 4% increase 52% increase
curtailment from siting from co- fromrevenue
(of solar revenues)

location diversification

mZ W =

1) AC Connected. 2) RES revenue diversification results in an increase of around 40% in 2026. However, we expect these additional revenues to be “cannibalised” as more RES assets participates in Ancillary Services. Between 2025 and 2060 we expect an
average upside of around 8-15%. 3) Peak solar capacity; inverter capacity 45 MW with a 98.6 efficiency. 4) Battery and Inverter’s capacity, with a 0.86 Round Trip Efficiency

13



Key Takeaways AUR@RA

With 30 TWh of generation lost to grid curtailment in 2023, this is becoming a significant issue in Europe; in many countries
the problemiis likely to get worse before it gets better

In Spain, despite historically high levels of grid investment, the issue stems from renewable development away from demand
zones; the development pipeline suggests this problem is likely to continue

Curtailment in Spain is not always compensated; uncompensated curtailment increased from 1,089 GWh in 2022 to 1,207
GWhin 2023

Curtailment is heavily concentrated, with ten provinces representing 93% of non-compensated curtailment; curtailment is
also heavily concentrated in summer

A WO DN R

5 As developers face a high degree of uncertainty from grid congestion, quantification of the downside and identification of
mitigants and opportunities can help manage risk and deliver projects

6 Diversifying revenues away from the wholesale market can have a large impact on the business case of solar, and it is critical
for batteries; developing financing structures that consider a more diversified set of revenues will be critical to the energy
transition

Sources: Aurora Energy Research 14
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General Disclaimer

This document is provided "as is" for your information only and no representation or warranty, express or implied, is
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employees agents or affiliates (together, Aurora’s "Associates") as to its accuracy, reliability or completeness. Aurora
and its Associates assume no responsibility, and accept no liability for, any loss arising out of your use of this document.
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and sound judgment. The information contained in this document reflects our beliefs, assumptions, intentions and
expectations as of the date of this document and is subject to change. Aurora assumes no obligation, and does not intend,
to update this information.

Forward-looking statements

This document contains forward-looking statements and information, which reflect Aurora’s current view with respect
to future events and financial performance. When used in this document, the words "believes", "expects", "plans”, "may",
"will", "would", "could", "should", "anticipates", "estimates", "project”, "intend" or "outlook" or other variations of these
words or other similar expressions are intended to identify forward-looking statements and information. Actual results
may differ materially from the expectations expressed or implied in the forward-looking statements as a result of known
and unknown risks and uncertainties. Known risks and uncertainties include but are not limited to: risks associated with
political events in Europe and elsewhere, contractual risks, creditworthiness of customers, performance of suppliers and
management of plant and personnel; risk associated with financial factors such as volatility in exchange rates, increases
in interest rates, restrictions on access to capital, and swings in global financial markets; risks associated with domestic
and foreign government regulation, including export controls and economic sanctions; and other risks, including
litigation. The foregoing list of important factors is not exhaustive.

Copyright

This document and its content (including, but not limited to, the text, images, graphics and illustrations) is the copyright
material of Aurora, unless otherwise stated.

This document is confidential and it may not be copied, reproduced, distributed or in any way used for commercial
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