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Dear member companies,

As we present our 2024 Annual Report, | am pleased to share with you a review
of the year. Despite facing challenges, this period has reinforced the leading
role of photovoltaic solar energy in the Spanish energy system.

The year 2024 will be remembered as a milestone for our sector. For the first
time, photovoltaic energy topped the Spanish electricity mix, maintaining this
position for four consecutive months, from May to August. This achievement re-
affirms its status as essential technology for our energy transition and highlights
the maturity our industry has reached.

In terms of installations, Spain added 6,039 MW of new ground-mounted photo-
voltaic capacity in 2024, bringing the total to 32,157 MW. However, the self-con-
sumption sector has faced challenges, experiencing a 31% drop in installed ca-
pacity compared to 2023, with 1,182 MW added during the year. This brings the
total to 8,137 MW. This situation reminds us that while we've made significant
strides, we are still far from the 19 GW target set for 2030 by the National Inte-
grated Energy and Climate Plan (PNIEC) for self-consumption.

The year ended with the devastating impact of the DANA in Valencia, a stark re-
minder that the climate emergency is upon us and affecting our lives. This trag-
edy underscores the urgent need to accelerate the energy transition. It shows
that the solution is not in denial but in pursuing excellence in our practices and
in our relationship with society. We must generate wealth and opportunities for
local communities while protecting the environment and promoting biodiversity.
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This year, UNEF has reinforced its role as the leading association in the photo-
voltaic and storage sector, representing over 800 member companies spanning
the entire value chain.

We have been actively engaged in the regulatory arena. In particular, we have
focused on easing milestone requirements, streamlining the processing of ap-
peals, and modifying RECORE to address the massive influx of zero and neg-
ative hours. We have also consistently advocated for auction announcements
to help mitigate project difficulties caused by the impact of negative hours on
business models.

In terms of institutional relations, UNEF has become the key representative of
the photovoltaic sector with MITERD and established a direct communication
line with the office of the Minister of Economy and Trade. We have strength-
ened connections with spokespersons from all parliamentary groups and main-
tain direct dialogue with REE/REDEIA. At the regional level, the Network of Re-
gional Energy Directors and UNEF have jointly sent a letter to the minister to
expedite the development of storage solutions in Spain.

We have achieved significant progress in advancing storage processes region-
ally, driven by UNEF's proposals, and are promoting these improvements across
other autonomous communities and with MITERD. We have also developed a
seal of excellence in storage to set the benchmark for best practices in the
sector. UNEF has been a pivotal player in securing storage subsidies through
submissions and meetings with IDAE and by closely monitoring the PRTR call
for proposals. Additionally, we have prepared submissions for the long-awaited
capacity market, reinforcing our role as a key player in the regulatory develop-
ment of this technology, which is crucial for the stability of the electricity system.

In the self-consumption sector, in light of the recorded 31% decrease, we are ac-
tively working on regulatory measures based on our ten-point self-consumption
plan. The public consultation held in October 2024 offered a crucial opportuni-
ty to align regulations with the sector's current needs, and a draft of the new
Royal Decree is anticipated following this consultation. Regarding energy com-
munities, we have created a comprehensive document of regulatory proposals
to address the lack of a complete regulatory framework. This document has
been presented to the IDAE, regional governments, and parliamentary groups
to ensure these stakeholders can participate equally in the electricity system.
In the field of agrovoltaics, we have launched pioneering initiatives, making sig-
nificant progress towards having agrovoltaic areas recognised as eligible under
the CAP.

I want to highlight that the early months of 2025 have confirmed both the chal-
lenges and opportunities we identified in 2024. The widespread outage last
April underscored the challenges facing the electricity system and validated the
direction of our efforts in 2024: the urgent need to accelerate storage deploy-
ment, enhance the grid, and capitalise on the potential of photovoltaics to make
the system more stable and resilient.
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The challenges ahead are clear: addressing demand patterns that lead to en-
ergy prices deterring investment, accelerating electrification (which is more
pressing than ever from both an environmental and economic opportunity per-
spective), promoting the deployment of storage, enhancing social acceptance,
and overcoming regulatory barriers that have emerged in some autonomous
communities.

However, we also have unique strengths to leverage: we are a sun-rich country
just when solar energy is needed most, with over 2,000 hours of sunshine an-
nually, making our projects twice as profitable as those in other European coun-
tries. Our well-established industry contributed €15.317 billion to both national
and international GDP in 2024, and it leads in innovation and internationalisation.
We already know that these projects are boosting population, employment, and
income in rural Spain.

| want to sincerely thank all our member companies for their trust and ongoing
support, especially during such a challenging year. Your commitment remains
the driving force behind our sector. | also extend my thanks to the UNEF team
and the Board of Directors for their unwavering dedication and strategic vision.

At UNEF, we play a pivotal role in the sector, working tirelessly to ensure pho-
tovoltaic energy remains a key driver of the energy transition and economic
competitiveness, and contributes significantly to building a cleaner, more sus-
tainable, and prosperous energy future for Spain.

The work we accomplished in 2024 has equipped us to face the current chal-
lenges. Now, with the experience we've gained and the lessons we have learned,
we are continuing to strengthen the leadership of photovoltaic energy in Spain
together.

Rafael Benjumea
Chairman of UNEF
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Elisa Carbonell Martin

Access to clean and affordable energy is one of the
fundamental goals promoted by the United Nations
within its Sustainable Development Agenda. There
is no doubt that this is a strategic objective not only
at a global level, but also for any country: it improves
the competitiveness of companies and industry,
contributes to increasing energy independence and
security, and facilitates social progress by promot-
ing the development of industry, agriculture, com-
munications, education, health, and transport.

All of this results in greater prosperity for citizens,
who benefit from cheaper energy, especially those
at risk of energy poverty, and positively impacts the
environment, since the consumption of polluting en-
‘ ergy remains the main cause of climate change. And
itis also a source for economic opportunities for our
companies, both at home and abroad, if we get to
position ourselves as leaders in this type of technol-
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However, access to clean and affordable energy and
the reversal of climate change are not achievements
that will be fulfilled by mere inertia. Progressing to-
wards these goals is a conscious, ethical, and politically responsible choice that,
as members of the global community, we are obliged to make for the benefit of
today’s citizens and future generations.

A key factor in meeting this goal is the need for a high level of investment,
both in developing countries, where needs are more pressing, and in developed
economies, which play a fundamental role in leading global progress. Public and
private investment is the engine of sustainable development. Without invest-
ment, sustainable development remains an empty promise without substance.

Our country is taking on this challenge: In recent years, Spain has addressed an
intense green transition agenda, which is consolidating as a solid lever for the
modernization of the Spanish economy. Since 2019, our country has a Strategic
Energy and Climate Framework and an Integrated National Energy and Climate
Plan (PNIEC), strategic orientation tools that integrate energy and climate policy
with a horizon to 2030.

FOREWORD

The implementation of the public policies included in the PNIEC and the excel-
lence of Spanish companies, which are world leaders in the sector, are allowing
Spain to be at the global forefront in energy transition. In fact, in just five years,
renewables have gone from generating 40% to 56% of Spain’s electricity mix.

The renewable transformation in our country is therefore a fact to which foreign
investment have been instrumental. According to FDI Markets figures from the
Financial Times Group, in the last five years Spain has been, after the United
States, the second country to receive the most foreign-origin greenfield proj-
ects in the renewable energy sector. The 327 projects launched in this sector
during that period have resulted in more than 50 billion euros in investments and
the creation of more than 23,000 jobs.

Photovoltaic energy plays a leading role in this renewable transformation, as ev-
eryone can see in the present 2025 annual report by the Unién Espafiola Foto-
voltaica (UNEF), to which ICEX-Invest in Spain collaborates once again. Among
other significant figures, it shows that the sector’s total economic impact in Spain
reached 15.317 billion euros in 2024, creating employment for around 147,000
workers.

But the importance of the Spanish photovoltaic industry is measured not only
quantitatively, but also qualitatively, given its role in clean energy supply: in 2024,
photovoltaic energy led the Spanish energy mix for the first time in history and
did so for four consecutive months. Another noteworthy fact is that, in 2024,
Spain reached 40,294 MW of cumulative photovoltaic capacity, consolidating
the photovoltaic industry as the renewable technology with the highest installed
capacity.

However, further progress must be made, and investment must continue to flow
into the photovoltaic industry, so that Spain becomes an alternative for produc-
ing, within our country, the equipment and components required by companies
in the sector, and so that Spanish companies can increase their research efforts.
Today’s R&D will make us protagonists of tomorrow’s photovoltaic industry.

That is why ICEX Spain Export and Investments, which has a determined com-
mitment to sustainability at the environmental, social, and governance levels,
has collaborated in the preparation and English edition of this report prepared
by UNEF, the reference association for the photovoltaic sector in Spain, to put
it on the radar of potential foreign investors interested in the Spanish photovol-
taic sector in order to encourage them to consider business opportunities in our
country.

FOREWORD
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IN 2024, GLOBAL PHOTOVOLTAIC CA-
PACITY INCREASED BY 35% COMPARED

TO 2023.

International

In 2024, photovoltaic energy reaffirmed its status as the world's
fastest-growing renewable technology. According to the Interna-
tional Energy Agency's (IEA) PVPS programme, 602 GWp
of new photovoltaic capacity was installed, bringing
the global total to 2,246 Gwp. This marks a 35% increase
in annual installed capacity compared to 2023.

Photovoltaics accounted for 75% of newly installed re-
newable capacity and generated 60% of the total renewable
energy. China maintained its leading position with 357.3 GWp in-
stalled, representing over 52% of the global total, followed by the
European Union with 62.6 GWp and the United States with 47.1
GWop. India has significantly accelerated its renewable energy de-
ployment, adding 31.9 GWp over the past year. Spain has secured
its place among the top 10 photovoltaic markets worldwide

International growth forecasts are largely driven by Asian coun-
tries like China, India, and Pakistan. Despite this growth, the sector
faces challenges, including China's industrial overcapacity, trade
tensions due to the tariff war, and pressure on margins as coun-
tries develop domestic industries. These issues are prompting
the adoption of protectionist measures and the diversification of
supply chains.

Figure 1: Generation capacity and capacity growth by energy source
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Europe

In 2024, the European Union surpassed 65.3 GWp of new photo-
voltaic capacity for the first time. However, year-on-year growth
slowed to 4.4%, a marked difference from the over 40% increase
seen in 2022-2023. Germany was the frontrunner with 17.4 GWp,
followed by Spain with 7.2 GWp and ltaly with 4.2 Gwp. The
slowdown is attributed to negative price trends, stabilisation of
average electricity prices, and the depletion of incentives for
self-consumption.

Key regulatory developments include the implementation of the
RED lll Directive, which sets a binding target of 42.5% renewables
by 2030, and the approval of the Net-Zero Industry Act, aim-
ing for 40% domestic manufacturing of strategic technologies by
2030. There are also new targets for 2040, including a 90% re-
duction in net greenhouse gas emissions compared to 1990 levels.
Other important measures are the Solar Roof Standard, becom-
ing progressively mandatory from 2027, the Nature Restoration
Act, and Nature Credits. The reform of the European electrici-
ty market, effective since July 2024, enhances price stability by
increasing the use of power purchase agreements (PPASs), long-
term contracts, and flexibility mechanisms, including storage.

Forecasts for 2025 suggest a slowdown in the European
solar market. According to the medium scenario by Solar-

I ——
SPAIN BECAME THE SECOND LARGEST

PHOTOVOLTAIC MARKET IN EUROPE,

Power Europe, the EU is projected to reach a cumulative -+ | o\inG GERMANY

capacity of around 890 GW by 2030, which falls short of
the expectations set in previous years.

Spain

Spain's total cumulative photovoltaic capacity reached 40,294
MW, reinforcing its leading position in the renewable energy mix.
Ground-mounted solar plants maintained a steady pace with
6,039 MW installed, a slight decrease of 1.47% compared to 2023.
However, self-consumption dropped by 31%, with only 1,182 MW
installed in 2024. This decline indicates the end of the rapid ex-
pansion cycle and underscores the need for new measures to re-
vitalise this segment.

The pace of economic electrification is slow, which limits the ca-
pacity to integrate additional renewable electricity generation.
Between 2019 and 2024, the share of fossil fuels in final ener-
gy consumption decreased by just two percentage points, from
69% to 67%. Meanwhile, the share of renewables in the electricity
sector increased significantly, rising from 38% to 56%.

The domestic photovoltaic component industry in Spain con-
tinues to be competitive, particularly in inverters, trackers, and

EXECUTIVE SUMMARY
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PHOTOVOLTAICS CONTRIBUTED OVER

structures. The challenge now is to bolster local manufacturing to
enhance resilience against trade tensions.

Economic and social footprint of photovoltaics in Spain

In terms of economic contribution, the photovoltaic sector had a
direct impact on GDP, both internally and externally, amounting
to €4.596 billion in 2024, which is very similar to its contribution
in 2023. The total economic footprint of the sector, including the
combined effects of direct, indirect, and induced GDP generation
within and outside the national economy, was €15.317 billion in
2024, marking a 2% decrease compared to the previous year.

From an employment perspective, the total impact in
Spain amounted to 146,764 workers connected to the

270 MILLION TO LOCAL FINANCES. photovoltaic sector in 2024, including 35,105 in direct

jobs, 75,569 in indirect roles, and 36,090 in induced em-
ployment.

The trend of negative prices in the electricity market that was
seen in 2023 continued into 2024. Electrifying demand and de-
ploying storage are emerging as key tools for stabilising prices,
enhancing grid reliability, and reducing fossil fuel use. However,
progress in these areas is slower than needed to achieve the
planned targets.

Storage and Renewable Hydrogen in Spain

Storage is becoming crucial, with cumulative capacity behind the
meter reaching 2,205 MWh since 2022, although only 327 MWh
was installed in 2024, marking a 34% decline. Large-scale de-
ployment is slowed by administrative barriers and a lack of a clear
regulatory framework, despite applications with access permits
exceeding 9.5 GW.

Spain is solidifying its position as a leading force in green hydro-
gen in Europe, adding 2,600 km to its network in 2024, which
accounts for 12% of the European total, and participating in the

H2Med corridor. Seven major projects have been ap-

R roved under the IPCEI Hy2Use, with 652 MW of electrol-

ADDITIONALLY, 327 MWH OF NEW
BEHIND-THE-METER STORAGE WAS IN-

STALLED IN 2024.

ysis capacity. Currently, 361 projects have been identified,
167 of which are commercial, offering a total potential ca-

pacity of 23 GW.

Self-consumption and energy communities in Spain

In 2024, self-consumption added 1,182 MW of new capacity,
marking a 31% drop compared to 2023's 1,706 MW and a 53%
decline from the 2022 record of 2,507 MW. This decrease, driven
by stabilising electricity prices, higher financing costs, and eco-

EXECUTIVE SUMMARY

nomic uncertainty, is moving us further from the trajectory need-
ed to meet the National Integrated Energy and Climate Plan
(PNIEC) target of 19 GW by 2030. By the end of 2024, cumulative
self-consumption capacity was noticeably below the anticipated
path. This shortfall underscores the need to strengthen promotion
policies, simplify procedures, and enhance integration with stor-
age and collective self-consumption.

Energy communities, although still in their early stages, have
continued to grow and expand geographically. As of 2024, there
are 659 identified projects in operation, up from an es-

timated 500 in 2023. This expansion is linked to the im-
plementation of European directives, pending regulato-
ry developments, and the establishment of Community

I ——
ALTHOUGH SELF-CONSUMPTION

SLOWED, ENERGY COMMUNITIES
EXPANDED TO 659 PROJECTS.

Transformation Offices, which help with their creation

and management.
Spanish regulatory environment

In 2024, the national regulatory landscape was characterised by
the extension of administrative milestones, the approval of Roy-
al Decree 662/2024, which established the regulatory framework
for floating photovoltaics, and progress in several autonomous
communities regarding administrative simplification, self-con-
sumption, and storage. However, regulatory tensions remain in
certain areas due to new taxes or restrictions that could impede
the development of new projects.

Order TED/353/2024 brought adjustments to the RECORE re-
gime by revising the VADPM calculation methodology to prevent
distortions. In the area of taxation and energy, Royal Decree-Law
10/2024, which aimed to introduce a temporary tax on energy
operators in 2025, was repealed after it failed to gain parliamenta-
ry approval. Similarly, Royal Decree-Law 7/2025, intended to im-
plement urgent measures for integrating renewables into the grid
and enhancing storage development, also did not pass through
parliament. However, its provisions are being transformed into a
Royal Decree, which is currently undergoing public consultation at
the time of writing this report.

In 2024, one key development was the opening of a public con-
sultation on the new Royal Decree on Self-Consumption, aiming
to update the existing RD 244/2019 framework. The pro-

posed measures focus on simplifying procedures, making
the distribution of surpluses more flexible, and developing
the role of the self-consumption manager. Moreover, the
CNMC approved Circular 1/2024, which set the meth-
odology and conditions for the access and connection
of demand facilities, incorporating criteria to streamline

RDL 7/2025, DESIGNED TO INTEGRATE
RENEWABLES AND ENHANCE STOR-
AGE, HAS NOT YET BEEN RATIFIED AND
REMAINS UNDER CONSIDERATION AS A
ROYAL DECREE.

EXECUTIVE SUMMARY
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processes and enhance transparency. Meanwhile, several auton- HUAWEI
omous communities introduced their own regulations to promote

renewables, self-consumption, and storage. However, in some

instances, these regulations included limitations that could slow

down project implementation.

ﬂ -
| ~usionsolar
UNEF in 2024 - 2025
UNEF has bolstered its institutional influence by participating in H uawei F USion Snla r

over 80 key meetings and making proposals that have been incor-
porated into regulations like RDL 7/2025. Internationally, it has

represented Spain in organisations such as the IEA PVPS, IRENA, ComerCEal 'e IndUStrial

Global Solar Council, and SolarPower Europe. The association has
introduced the Seal of Excellence in Storage and continued to S l 4 I t l
expand the Seal of Excellence in Sustainability. o u C|0ﬂ n eg ra

UNEF has also promoted sector-specific conferences, address-
ing critical topics like sustainability, storage, energy communities,
agrovoltaics, and self-consumption. Additionally, it organised the
11th Solar Forum, the sector's main event, which attracted 1,100
attendees.

The sector is entering 2025 with a strong foundation of installed
capacity, an extensive project portfolio, and established leader-
ship on the international stage. The immediate challenge is to
speed up the deployment of storage solutions, reignite the mo-
mentum of self-consumption, bolster the national industry, and
advance demand electrification. These steps are crucial to rein-
force the role of photovoltaics as the cornerstone of the energy
transition, an economic driver, and a safeguard of energy sover-
eignty. The market outlook will depend on how market prices
evolve and whether administrative milestones are met, both of
which directly impact the feasibility of projects and the dynamics
of renewable energy auctions. Nevertheless, there is a significant
number of projects undergoing administrative processing, which
presents considerable potential for sustained growth in the com-
ing years.

Seguridad Proactiva, Calidad Superior, Potencia Cada Sector

Seguridad ﬂ Calidad . Mayor -3.] Solucién
Proactiva L8] premium . li Rentabilidad Integral
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1.1. THE GLOBAL PHOTOVOLTAIC SECTOR

In 2024, the deployment of photovoltaics worldwide continued

its significant growth, driven by the inherent competitiveness of

this technology. Even with declining prices for both electricity and

solar modules, photovoltaic generation still managed to offer low-

er costs than the average market prices, which increased

its penetration in electricity systems. According to the
International Energy Agency's (IEA) PVPS programme, IN 2024, 602 GWP OF NEW PHOTO-
in which UNEF serves as the sector representative for \G/fé;i'fLY?ABPQISgL GWTAHSE 'TNSK::L%
Spain, 602 GWp of new solar capacity was installed ;.5 cwp.

globally. This sets a new annual record and reinforces the

leadership of photovoltaics within the renewable energy

sector. In 2024, photovoltaics accounted for 75% of new renew-

able capacity and 60% of renewable generation, maintaining the

levels seen in 2023.

2025 UNEF ANNUAL REPORT

Figure 2: Trend in installed renewable capacity, 2004-2024.

146
103 109 14
77

| N | E | ; N A | | O N Al 2004 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
India W Brazil B Other countries Il Other countries PVPS IEA

B European Union B USA B China

| R A M | W O R K Source: International Energy Agency, PVPS Programme

In 2024, installed photovoltaic capacity saw widespread growth,
reshaping the rankings of countries with the highest annual de-
ployment. China once again led the field with 357.3 GWp installed,
accounting for more than 52% of its total capacity and more than
double the previous year's amount.

The European Union continues to be the second most significant
player in terms of installed capacity, reaching 62.6 GWp, which
marks a 12% increase from the previous year. This year, the Unit-
ed States secured third place with 47.1 GWp, pushing India to
fourth place with 31.9 GWp of annual installations.

Completing the list of the top ten countries with the most pho-
tovoltaic installations worldwide are Pakistan (17 GWp), Germany
(16.7 GWp), Brazil (14.3 GWp), Spain (7.5 GWp), ltaly (6.6 GWp),
France (5.9 GWp), and Japan (5.5 GWp).
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Figure 3: Top 10 countries by highest annual (left) and cumulative (right) PV
installed capacity
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For the first time, global cumulative photovoltaic capacity

Eeesssssssssssssssssmmm—m—Gu0_ ©aS Surpassed 2.25 Twp. China has cemented its position
SPAIN CONTINUES TO RANK AMONG  as the world leader, with 1,048.5 GWp, followed by the
THE TOP10 COUNTRIES IN THE WORLD  Eyropean Union with 339.4 GWp and the United States

FOR BOTH INSTALLED AND CUMULA-

TIVE CAPACITY IN 2024.

at 224.1 Gwp. India has climbed to fourth place with 124.6

GWp, while Germany (99.8 GWp) and Japan (96.9 GWp)
complete the top five.

The regional distribution of cumulative photovoltaic capacity re-
mained stable in 2024. The Asia-Pacific region leads with near-
ly 63% of the global total, driven primarily by China, along with
significant growth in India and Pakistan. Europe holds the second
spot with 17%, down two percentage points from the previous
year, bolstered by established markets like Germany, Spain, Italy,
and France. Meanwhile, the Americas account for 14% of global
capacity.

Figure 4: Regional trends in cumulative PV capacity.
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Figure 5: Regional trends in cumulative PV capacity.
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Regarding market segments, while both self-consumption and
ground-mounted plants grew in 2024, ground-mounted plants
saw a significantly greater increase. Self-consumption made up
about one-third of the installed capacity that year, with other
emerging applications like agrivoltaics, building-integrated photo-
voltaics (BIPV), and vehicle-integrated photovoltaics (VIPV) also
gaining traction.

Figure 6: Breakdown of annual installed PV capacity, 2011-2023.

GWp

500
400

300

200 D -

i
oo HBEHOOUL

2013 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
B Self-consumption M Ground-mounted plants

Source: International Energy Agency, PVPS Programme

The International Energy Agency's (IEA) Renewables 2024

R I S - B B AN SR
(o) (o) (o) (o) (o] N (o) AN N I\ \¢ N
g B I S M M P
m Europe m Africa and the Middle East

W America m Asia Pacific excluding China

G S S
K N N 2
ESRPS NS wow s

v ¥ D
v v v

m Rest of the world
m China

Source: International Energy Agency, PVPS Programme

INTERNATIONAL FRAMEWORK

report indicates that around 110 GW of renewable capac-
ity was awarded through competitive auctions in 2024,
consistent with the record achieved in 2023. However,
the growth in auction volume has stabilised following sev-
eral years of expansion, due to project implementation
delays, narrower margins, and a more complex financial
environment. Notably, 60% of these auctions included

DURING THE SAME YEAR, OVER 110
GW WAS SECURED THROUGH COM-
PETITIVE AUCTIONS, WITH AN ADDI-
TIONAL 46 GW THROUGH PPA CON-
TRACTS WORLDWIDE.

non-economic criteria, such as sustainability and supply security,
which have enhanced the socio-economic value of the awarded

projects.
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The Asia-Pacific region once again led in terms of awarded vol-
ume, accounting for more than 50% of the global solar PV ca-
pacity auctioned. India reached a new high due to contractual
improvements and increased clarity for developers. Meanwhile,
China, although it reduced the use of formal auctions, main-
tained significant volumes through quasi-regulated mechanisms.
Conversely, countries like Vietnam, Thailand, and Indonesia are
progressing more slowly due to regulatory and financial barriers.
This region has the lowest prices worldwide, but the I[EA warns
of increasing tension between aggressive bids and the economic
viability of projects.

In Europe, the PPA market went through a period of adjustment
in 2024. According to the Pexapark Renewables Market Outlook
2025, 316 long-term PPA contracts were signed, marking a 14%
increase from 2023, although with more moderate volumes: 15.2
GW, which is an 11% decrease year-on-year. This contraction re-
sulted largely from a 59% fall in PPAs with utilities, along with a
38% reduction in the number of agreements. Meanwhile, corpo-
rate buyers boosted their activity by 26%, with 157 companies
signing their first PPA and contracting around 5.2 GW. Activity
benefitted from price stabilisation (ranging from €49 to €52/
MWHh), but was also influenced by challenges such as more fre-
guent negative price events, intraday volatility, and low capture
rates, which heightened risk and led signatories towards more
cautious agreements.

Figure 7. Trend of PPAs in Europe by disclosed contracted capacity, 2018-
2024 (GW)
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Spain led once again in PPA volume with 4.66 GW, a 5.5% year-
on-year decline, while Germany had the highest number of con-
tracts, with 48 agreements, marking a 9% increase. Key players
included Iberdrola, which contracted 1.25 GW, a rise of 38%, and
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Amazon, which signed for over 1.5 GW despite a 20% decrease.
By technology, solar dominated with more than 8 GW (-28%), fol-
lowed by onshore wind (3.1 GW, +25%) and hybrid PPAs, which
experienced the highest relative growth (2.75 GW, +219%).

The market diversified geographically and in its contractual struc-
tures. Notably, new schemes such as multi-buyer PPAs, storage
agreements (PSAs), and the first contracts for green hydrogen
projects (407 MW) highlighted the increasing sophistication of the
European market.

In Latin America, auctions have taken place in Colombia, Argen-
tina, Uruguay, and Brazil. Colombia auctioned 1,215 MW of solar
power, awarded to six projects through the "Reliability Charge"
auction in February 2024. The contractors have secured rates of
around $18.20/MWh and are expected to begin operations from
2027. Uruguay launched an extraordinary auction in 2024 to add
up to 200 MW of new solar capacity, involving 20-year contracts
with a price cap of $50/MWh, with awards anticipated in Novem-
ber. Argentina's RenMDI 2024 tender has invited bids for 620 MW
of renewable projects, part of which is allocated to solar. Over
200 proposals have been submitted, and while the evaluation and
award process is ongoing, operations are expected to commence
within three years. Brazil included solar capacity in its 2024 A-4

PROUD PLAYER OF
THE EUROPEAN ENERGY TRANSITI

veltorenewables.com
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auction, awarding about 237 MW. Although solar participation
was limited, the prices for this technology were around $32/Mwh.

In the Middle East and North Africa, Israel added approximately
900 MW of solar capacity in 2024, primarily through PPA schemes,
securing its position as a regional leader in renewable energy. In
December 2024, Saudi Arabia awarded 1.7 GW of solar projects
to EDF and TotalEnergies (1.4 GW and 0.3 GW respectively) under
25-year PPA contracts, as part of its strategy to achieve 130 GW
of renewable energy by 2030. Meanwhile, Algeria launched a ten-
der for the development of 2,000 MW of solar plants (compris-
ing 15 projects of 80-220 MW each), with construction initiated in
2024 in line with its plan to reach 12 GW of renewable capacity by
2030.

Figure 8. Historical trend of average prices awarded in solar auctions (2012-
2024)

Average auction prices by region for solar photovoltaic (left) and onshore wind (right)
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Prices for clean technologies have already hit historic lows, with
the downward trend expected to continue into 2025. Bloomb-
ergNEF reports that production costs for photovoltaic modules
and batteries could decrease by 5% to 11%, improving upon 2024
figures. However, this trend might be temporarily slowed by in-
creasing industrial overcapacity in China, prompting various coun-
tries to implement protectionist measures, such as new tariffs on
low-cost imports. Despite these challenges, the medium-term out-
look remains positive. The levelised cost of electricity (LCOE) for
clean technologies is projected to decrease by 22% to 49% by
2035.

According to BloombergNEF's Levelized Cost of Electricity report,
the average cost of a fixed-structure solar photovoltaic plant de-
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creased by 21% globally in 2024. Although China is selling " —
below its production costs, prices are expected to keep THE AVERAGE COST OF A
falling. Battery storage costs also dropped by 20% during FIXED-STRUCIURE™ SQI-AR _EHOJO-

. VOLTAIC PLANT DECREASED BY 21%
2024, reaching £115/MWh. GLOBALLY IN 2024.

Figure 9 and 10. Comparison of the Levelized Cost of Energy — Historical
trend in LCOE
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China's share of global photovoltaic panel production fell from
84.6% in 2023 to 80% in 2024, partly due to manufacturing incen-
tives in other countries. While the United States and India have also
increased their manufacturing capacity, China's production growth
has been considerably faster than that of its competitors.

According to PVinsights, photovoltaic module prices showed lit-
tle volatility in April 2025, remaining stable or slightly declining. In
response, major manufacturers have started cutting production
by reducing orders to original equipment manufacturers (OEMs),
while small and medium-sized producers have chosen to clear out
their inventories by offering lower prices.

In 2024, photovoltaic module prices hit rock bottom, reaching his-
toric lows in Europe. By April, PERC modules were priced at around
€0.10/W. TOPCon modules showed significant regional price differ-
ences: in the United States, they reached €0.24/W in December,
whereas in China, during the second half of 2024, prices ranged
between €0.079 and €0.083/W.

The cost reductions in 2024 and 2025 are also attributed to two
factors: the decreased use of silver, which is crucial for the elec-
trical contacts of the cells, and the standardisation of rectangular
wafers in solar panels. In 2024, the photovoltaic sector accounted
for 20% of global silver consumption. One emerging cost-reduc-
tion strategy involves partially replacing silver with silver-coated
copper, which maintains electrical conductivity while reducing reli-
ance on this expensive material.

In 2024, N-type cell technologies, accounting for 71.1% of the Chi-
nese market, required more silver than P-type cells, which had a
20.5% market share. Leading Tier 1 manufacturers report
the following average consumption per technology:

LOOKING AHEAD TO 2025, EFFORTS

ARE FOCUSED ON REDUCING THE PERC:7-8 mg/W
COST OF PHOTOVOLTAIC MODULES A

BY DECREASING THE USE OF SILVER TOPCon: 12-16 mg/W

AND STANDARDISING WAFERS.

HJT: 17-20 mg/W

Since late 2023, major manufacturers have widely adopt-
ed 210R-type rectangular wafers (182 x 210 mm), particularly for
large-scale plants. Five manufacturers are already using this for-
mat, equivalent to full-size 66-cell modules, which optimises the
active area. These wafers are also used in smaller formats (48 and
54 cells) for residential self-consumption. The width of the short
side has been standardised at 1,134 mm, simplifying design and
logistics.

The conclusion of the regulatory review of demand in China has
had a direct impact on polysilicon prices. Concerns about mar-
ket trends from June 2025 have prompted caution in commercial
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operations. The Chinese industry continues to implement produc-
tion control measures, with the main manufacturers operating at
an average capacity factor of 42.34%. In April 2025, polysilicon
production reached 99,100 tonnes but is expected to decrease to
around 96,000 tonnes in May due to scheduled maintenance at
several plants.

Figure 11: Rectangular wafers adopted by leading manufacturers.
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In April 2025, following the earthquake in Myanmar in March, pho-
tovoltaic wafer prices temporarily rose. However, the completion
of the installation cycle in China has brought the issue of oversup-
ply back to the forefront. Some small and medium-sized manufac-
turers are offering discounts to clear their accumulated stock With
demand weakening, a reduction in production is anticipated in May.

Prices for crystalline silicon solar cells increased in March 2025
but began to decline in April. With uncertainty surrounding future
demand, major manufacturers have announced production cuts. If
the market contraction continues, many small and medium-sized
producers may gradually be pushed out of the market.

In 2024, the global photovoltaic landscape has reinforced some
underlying trends while revealing new risks and tensions that will
shape the sector in the coming years. Although the production
costs of modules and batteries continue to decrease, the rate of
decline may slow due to structural overcapacity in China, expand-
ing protectionist measures, and temporary imbalances between
supply and demand.

In the medium term, projections are still positive: the levelised
cost of electricity (LCOE) for clean technologies is expected to de-
crease by 22% to 49% by 2035, making photovoltaics more com-
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petitive than other sources.

This will be driven by anticipated growth in electricity demand
due to the electrification of activities traditionally reliant on fos-
sil fuels, such as electric vehicles and heat pumps. BloombergNEF
estimates that global data centres will further boost electricity de-
mand.

However, increasing pressure on margins and high exposure to
the risk of negative prices are challenging the design of power
purchase agreements (PPAs) and auctions. In this scenario, we can
expect continued progress towards more sophisticated contract
structures that include risk management clauses, flexible compen-
sation, and hybrid schemes with storage or combined technolo-
gies. The rise of corporate and multi-buyer PPAs will persist, par-
ticularly in Europe and America, with new players and aggregation
platforms gradually entering the market.

Meanwhile, the reduction in silver usage and the standardisation of
rectangular wafers reflect the industry's technological advances.
These changes have implications for both material consumption,
affecting the supply chain, and module design. The challenge will
be to balance innovation with the need to maintain the financial
stability of manufacturers, especially amid industrial concentration
and fierce competition.

From a geopolitical perspective, there will be continued momen-
tum in policies aimed at partially relocating manufacturing, such
as the IRA in the United States, the PLI programme in India, and the
NZIA in Europe. Although these strategies are still in the early stag-
es, they have the potential to reshape the industry's landscape if
they succeed in attracting private investment and creating com-
petitive market volume.

While China, India, the EU, and the US will remain leaders in global
growth for installed capacity, a more widespread expansion is ex-
pected in emerging regions. Latin America, the Middle East, and
North Africa have started to establish competitive auction mecha-
nisms and PPASs, but still face regulatory and financial hurdles. The
challenge will be to accelerate their integration by ensuring bank-
ability, regulatory stability, and access to financing for large-scale
projects.
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2.1. THE PHOTOVOLTAIC SECTOR IN THE EUROPEAN
UNION

IN 2024, EUROPE INSTALLED 65.3 MW
OF NEW PHOTOVOLTAIC CAPACITY,

In 2024, the EU set a new record for annual installed ca-
pacity, surpassing 65.3 GWp of photovoltaic solar ener-
gy for the first time. Although year-on-year growth was
slower than in the 2022-2023 period, which experienced
an increase of between 41% and 53%, there was still a
4.4% rise compared to 2023. This slowdown is attributed to price
stabilisation and the end of subsidies for self-consumption follow-
ing the depletion of NextGen funds.
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In terms of segments, residential self-consumption faced
. . |
challenges in many European markets. In 2024, residen-
i o . ) MARKING A 4.4% INCREASE FROM
tial self-consumption installations in Europe reached 12.5 5,53
GWop, similar to the 2022 total, and accounted for 19%
of all installations. This represents a decline of about 5
GWp compared to the previous year, or a 9 percentage point de-
crease from the previous year.

Meanwhile, industrial and commercial self-consumption has
seen slight growth, primarily driven by industrial installations in
Germany, Greece, and lItaly. This segment made up 37% of total
installations in 2024.

Figure 12: EU PV segmentation, 2024-2029
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Source: SolarPower Europe
Ground-mounted installations had the largest market share,

comprising 44% of the total installed capacity in the European
photovoltaic market.
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———— Germany, the world's fifth-largest market, once again led

Eg?'gR%wlﬁ'GNscgUEjTiicﬁ\lNEL‘J';AOSPTE‘ solar growth in Europe, achieving an annual installation

FOR PHOTOVOLTAIC EXPANSION. of 17.4 GWp, well above its 2024 target of 13 GW. This
increase was mainly driven by auctions held throughout
the year.

Spain recorded a 7.8% decline in new installed capacity compared
to 2023, due to a 1.5% decrease in ground-mounted plants and a
31% drop in the self-consumption segment.

In contrast, Italy increased its annual installations by 27%, marking
its best performance in over a decade. Completing the leading
group are France, with 4.7 GW installed in 2024, and Poland, with
4.4 GW.

Figure 13: Total installed capacity EU 2024
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In Spain, installed capacity has grown significantly over the past
five years, whereas this expansion across Europe has unfolded
over the last decade. European photovoltaic capacity rose from
82 GW in 2014 to 338 GW in 2024.

The ranking of countries with the highest solar installations in
2024 have seen little change. Germany remains in the lead with
16.1 GWp, followed by Spain at 7.2 GWp, ltaly at 4.2 GWp, and
France in fifth position with 4.7 GW. However, in the EU as a
whole, only five countries have exceeded the 2023 figures, and
they have done so moderately. Notably, France, Greece, and ltaly
are among those countries.
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Figure 14: Total cumulative capacity EU 2024
400

350 338

300
272

250

200 26.0

36.2

[ ] 235

46.7

100

Nalalnls

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

M Germany M Spain W ltaly M The Netherlands Wl France Rest of Europe

Source: SolarPower Europe

Since 2021, EU-27 countries have awarded over 51 GW

of solar capacity through auctions. Approximately 80% of HOWEVER THE RATE OF ELECTRIEICA
this capacity is for ground-mounted projects, while roof- TION ACROSS EUROPE HAS LAGGED
top installations account for 10.4 GW. In 2024, there has  BEHIND THE PACE OF INSTALLATIONS.
been a contraction in solar auctions, with less than 11 GW  MIRRORING THE SITUATION IN SPAIN.

awarded compared to nearly 14 GW in 2023, indicating

a setback after the partial recovery observed last year.

Germany has reinforced its leading position by securing 60% of

the allocated capacity, while other countries continue to face is-

sues with underfunding and the withdrawal of schemes.

Conversely, the PPA market is on the rise; 2024 set a new record

with over 7 GW contracted for exclusively solar projects,

surpassing the 2023 figures. This growth is fuelled by a di- ———————
versification of buyers and an increase in multi-technolo- <.\ \\/ A 50 CONTINUES TO LEAD EU-
gy agreements that integrate solar with wind energy and, ROPE IN PPA CONTRACTS.
increasingly, with storage systems.

Table 1 year-on-year comparison of auctions and PPAs in Europe

2023 2024 (YTD) Change 23-24
Capacity awarded in . o
auctions (EU-27) 146w N1 GW 21%
Leae!lng country in Germany (=40 %) Germany (=60 %) +concentration
auctions
Nymber. of cou'ntrles 10 6 -40%
with active auctions
Signed  capacity in 6.3GW 7.6 GW (record) 510 %
solar PPAs
PPA trends Initial diversification of Multi-technology

growth and expansion -

buyers in Italy and France

Source: SolarPower Europe
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Directive 2023/2413 (RED IIl)

Directive (EU) 2023/2413 (RED Ill) has been in effect since No-
vember 2023 and must be implemented by May 2025. It raises
the EU's binding renewable energy target to 42.5% of gross fi-
nal consumption by 2030, aiming to potentially reach 45%. This
update simplifies permitting procedures through "acceleration
zones", sets specific sector targets for transport, heating, and
cooling, and includes measures to integrate storage and flexibility
into electricity systems. Furthermore, it requires Member States
to remove administrative hurdles and accelerate the approval pro-
cess for renewable projects, thereby strengthening the regulatory
framework established by the Fit for 55 package and the REPow-
erEU plan.

NetZero Industry Act (NZIA)

The NetZero Industry Act was approved by the European Par-
liament and Council in February 2024. Its aim is to promote the
European zero-emission technology sector by ensuring that, by
2030, at least 40% of the annual production capacity for strate-
gic technologies — such as solar panels, batteries, and hydrogen
— will be manufactured within the EU.

Figure 15: NZIA roadmap
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The agreement sets specific administrative deadlines: projects
exceeding 1T GW must obtain construction permits within 18
months, while those under 1 GW must do so within 12 months. It
also supports the establishment of zero-emission industrial clus-
ters, backs carbon capture and storage with a target of 50 mil-
lion tonnes of CO, by 2030, and encourages local manufacturing
within the photovoltaic value chain. The plan includes criteria for
sustainability and resilience in public procurement and auction el-
igibility, requiring at least 30% (6 GW) of capacity to meet these
standards. This includes requirements such as a minimum of 50%
of components manufactured in the EU, responsible business
practices, cybersecurity, energy integration, innovation, and envi-
ronmental sustainability.

European Solar Charter

In April 2024, 23 EU Member States endorsed the European So-
lar Charter, a joint declaration that outlines a series of voluntary
commitments to strengthen the solar energy value chain in Eu-
rope. One key initiative is the introduction of auctions designed to
enhance industrial resilience, serving as an early tool to boost de-
mand for photovoltaic manufacturing across the continent. Sever-
al countries have already implemented concrete measures in line
with this commitment: France with its Pacte solaire declaration,
Spain through the PERTE renewable energy programme, ltaly via
the Piano Transizione 5.0 tax scheme, and Austria with the resil-
ience bonus incentive.

Rooftop Solar Standard

On 8 May 2024, the EU Energy Performance of Buildings Direc-
tive (EPBD) was officially implemented and published in

the Official Journal of the European Union. Member States 1

have been given two years to transpose it into their na- FROM 2027,

tional legislation. A key measure within this directive is the

NEW PUBLIC AND
NON-RESIDENTIAL BUILDINGS WILL BE
REQUIRED TO INCLUDE SOLAR INSTAL-

Solar Rooftop Standard, which mandates the installation | ATioNS WITH RESIDENTIAL BUILD-
of solar systems in new public and non-residential build-  INGS FOLLOWING SUIT FROM 2030.

ings starting in 2027, in existing non-residential buildings
undergoing major renovations from 2028, and in new res-
idential buildings from 2030. This directive is a crucial element
of the REPowerEU strategy, which aims to accelerate the energy
transition and reduce reliance on fossil fuels.

Critical Raw Materials Act

In May 2024, the European Union approved the Critical Raw Mate-
rials Act, a regulation designed to enhance access to critical ma-
terials essential for the energy and digital transitions. Its purpose
is to ensure a stable, sustainable, and diversified supply, enabling
Europe to meet its climate and technological targets by 2030.
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The regulation outlines specific milestones to bolster the Europe-
an value chain for strategic raw materials, such as:

- meeting at least 10% of annual consumption through domestic extrac-
tion,

- achieving 40% through processing capacities within the EU,
- ensuring that 25% comes from recycling,

- avoiding reliance on over 65% from any single non-EU country.

The regulation also introduces the concept of Strategic Projects,
which aims to promote initiatives in extraction, processing, and
recycling. The first call for proposals closed on 22 August 2024,
attracting significant interest: 170 proposals were submitted, with
121 projects located within Europe.

Corporate Sustainability Due Diligence Directive

In July 2024, the Corporate Sustainability Due Diligence Direc-
tive (CSDDD) was adopted. It obliges companies to identify and
mitigate negative impacts on human rights and the environment
across their entire value chain.

This directive strengthens corporate responsibility not only in
their own activities but also in their interactions with suppliers and
customers.

Nature Restoration Act

Regulation (EU) 2024/1991, known as the Nature Restoration
Act, was approved by the Council of the EU on 17 June 2024, pub-
lished in the Official Journal on 29 July 2024, and came into effect
on 18 August 2024. The regulation sets legally binding goals to
restore at least 20% of the EU's land and marine areas by 2030
and all ecosystems in need by 2050. Member States are required
to submit national restoration plans by 1 September 2026. These
plans must include key targets such as restoring at least 30% of
degraded habitats by 2030, increasing this to 60% by 2040 and
90% by 2050. For freshwater ecosystems, the law mandates ac-
tions like reopening at least 25,000 km of rivers, restoring drained
peatlands, and planting 3 billion trees by 2030. The Act aims to
reverse ecological degradation, which affects more than 80% of
habitats, strengthen ecosystem services, enhance food security,
and support the climate and biodiversity goals outlined in the Kun-
ming-Montreal global biodiversity framework.

EUROPEAN FRAMEWORK

Electricity Market Design Reform (EMD)

The reform of the EU's electricity market design has been in
effect since July 2024, aiming to enhance the energy system's
resilience, shield consumers from price volatility, and expedite
the integration of renewable energies. This reform was prompted
by the heavy reliance of electricity prices on fossil fuels, leading
the European Commission to propose a comprehensive review in
March 2023. The legislative texts associated with this reform —
Regulation (EU) 2024/1747 and Directive (EU) 2024/1711 — came
into effect on 16 July 2024, with Member States required to com-
plete the transposition by 17 January 2025.

The reform introduces both fixed and dynamic price contracts,
encourages the use of PPAs, and mandates Contracts for Dif-
ference (CfDs) for public investments in new renewable capacity.
Member States are also required to evaluate their system flexi-
bility and take measures such as implementing storage solutions
or demand response initiatives. Additionally, the reform enhances
transparency regarding grid connection capacity, thereby rein-
forcing the integration of renewable energy. These efforts con-
tribute to the objective of achieving 45% renewable energy by
2030, in alignment with the Fit for 55 package.

Nature Credits

In July 2025, the European Commission introduced the "Roadm-
ap to Nature Credits", an innovative tool aimed at mobilising pri-
vate investment for actions that protect and restore ecosystems.
These credits represent direct investments in initiatives with posi-
tive impacts on nature — such as wetland restoration or forest ex-
pansion — that can be certified by independent entities,

ensuring their credibility. As more than three-quarters of |
European businesses rely on ecosystem services, nature  NATURE CREDITS WILL SERVE AS
credits offer a market-based solution to boost biodiversi- MARKETS FOR FINANCING ECOLOGI-

ty, generate income for farmers, foresters, fishermen, and
local communities, and provide reputational and resilience

CAL RESTORATION THROUGH PRIVATE
INVESTMENT.

benefits for businesses and investors.

The roadmap aims to establish clear standards, reliable certifica-
tions, and robust governance to prevent greenwashing and close
the current ecological financing gap, which is estimated at €65
billion per year. The nature credits will complement public funds,
including 10% of the EU budget allocated to biodiversity for 2026-
2027. They will be developed through a participatory approach in-
volving businesses, scientists, governments, and civil society. The
EU is currently running pilot projects in France, Estonia, and Peru
and is working with international alliances such as the Biodiversity
Credit Alliance and the World Economic Forum. This initiative is
part of the goals outlined in the Nature Restoration Law and the
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Kunming-Montreal Global Biodiversity Framework. It aligns with
other European strategies, such as the Vision for Agriculture and
Food, the Water Resilience Strategy, and the European Pact for
the Oceans.

New binding EU targets for 2040

In July 2025, the European Commission proposed an amendment
to the European Climate Law, aiming for a binding target for
2040: reducing net greenhouse gas emissions by 90% com-
pared to 1990 levels. This goal is essential in the EU's legal jour-
ney towards achieving climate neutrality by 2050. It provides a
clear roadmap for the EU from 2030 to 2050, ensuring legal cer-
tainty and predictability for investors and companies, while also
strengthening industrial competitiveness, energy independence,
and economic resilience. This regulatory pathway allows Mem-
ber States the flexibility to act, prioritising the use of all available
measures, such as renewable energy, energy efficiency, carbon
capture, and carbon sinks. It also allows for potential flexibility, in-
cluding the use of high-quality international credits or permanent
removals within the ETS from 2036 onwards.

2.3. THE STATE OF THE SOLAR INDUSTRY IN EUROPE

Although installed photovoltaic capacity has seen record growth,
Europe's manufacturing industry is struggling with competitive-
ness due to the high prices of imported components, particularly
from Asia. The EU aims to achieve at least 30 GW of solar manu-
facturing capacity in every segment of the value chain by 2030.
However, manufacturers like Meyer Burger in Germany have an-
nounced production cuts because of insufficient support.

In response, Germany has implemented measures under the TCTF
temporary aid framework, which include resilience auctions offer-
ing €55 million in 2024 for projects using domestic panels. Italy
has strengthened its strategy with Decree-Law No. 181 (enacted in
February 2024) and by financing the 3Sun project in Sicily, which
aims to achieve 3 GW and has received €560 million from the
European Investment Bank (EIB). France has introduced a €2.9
billion package of tax credits aimed at boosting the production of
panels, batteries, and heat pumps.

Additionally, the EU has allocated nearly €800 million to solar
manufacturers in the latest round of the Innovation Fund, with
beneficiaries including 3Sun, Meyer Burger, and Norsun.

EUROPEAN FRAMEWORK
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I ——
SOLARPOWER EUROPE'S AVERAGE

Annual growth in Europe has slowed dramatically, dropping from
53% in 2023 to 4% in 2024. According to SolarPower Europe, the
EU is now expected to reach 890 GW by 2030, which is a down-
grade from last year's expectations. Contrary to the announce-
ments made in 2023, in the worst-case scenario, the EU might
not meet the targets set by the National Integrated Energy and
Climate Plans (PNIEC).

In 2024, a 35% reduction in the prices of solar modules
and components in Europe, coupled with lower balance
of system and installation costs, decreased the CAPEX

SCENARIO SUGGESTS THAT REpOw- Of photovoltaic systems by 2% for rooftops and 28% for
EREU TARGETS WILL BE ACHIEVED BY  ground installations. This led to a 13% decline in capital

2030.

investment, falling to less than €55 billion, despite a 4%

increase in new installations.

Figure 16: Solar market scenarios 2024-2030
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Source: SolarPower Europe

By country, in 2024, only 5 out of the 10 largest solar markets in
the EU showed growth, in contrast to the broad increases seen
in 2023. France added 1.5 GW, Greece 1.3 GW, ltaly 1.1 GW, and
Germany 1 GW. Meanwhile, Spain, the Netherlands, Poland, Aus-
tria, and Hungary saw decreases. The Netherlands experienced
the largest drop, going from 4.9 GW to 3 GW (a decrease of 1.8
GW), due to uncertainty around the phasing out of net metering
in 2027. Spain slightly reduced its installation of ground-mount-
ed solar plants, while the self-consumption segment experi-
enced another decline, this time by 31%. Poland's capacity fell
by 500 MW due to the transition to net billing and grid issues;
Austria saw a reduction of 400 MW in the commercial and in-
dustrial segment; and Hungary also faced declines after moving
to net billing. Nonetheless, 16 out of 27 countries each added
more than 1 GW in 2024, setting a new record. Greece rose to
7th place and Portugal to 10th, replacing Sweden and Belgium.

EUROPEAN FRAMEWORK

The EU solar market is set to keep growing, albeit at a more mod-
erate pace following the recent boom. In the medium scenario, an-
nual installed capacity is projected to rise from 70 GW in 2025 (a
7% increase) to 72.3 GW in 2026 (up 3%), then to 76.5 GW in 2027
(a 6% rise), and finally to 81.5 GW in 2028 (increasing by 7%). The
high and low projections are less extreme than previous forecasts,
indicating a loss of political and economic momentum.

Residential self-consumption, which drove the market

during the energy crisis, is expected to continue deClining e —
due to the stabilisation of electricity prices, the depletion ANNUAL GROWTH IN 2024 WAS 90%

of European funds, and the withdrawal of schemes like

LOWER COMPARED TO 2023

net metering. The commercial and industrial segment

is expected to continue growing at a moderate pace,

while large ground-mounted projects are likely to encounter slow-
downs due to grid issues, negative pricing, and a lack of flexibility.
An emerging sub-segment is plug-in solar systems (less than 800
W), with over 220,000 units installed in Germany in the first half
of 2024.

Growth is expected to stabilise as a result of grid congestion,
sluggish electrification, delays in permitting and land access, and
a less favourable political climate in several Member States. For
example, Germany experienced 10.5 GWh of renewable energy
losses (4% of its generation) in 2023, along with 300 hours of
negative pricing. This figure increased to 415 hours in the first ten
months of 2024, leading to network management cost overruns
exceeding €3 billion.
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3.1. THE PHOTOVOLTAIC SECTOR IN SPAIN

In 2024, Spain's cumulative photovOoItaic capacity T —
IN 2024, 6,039 MW  OF

rgached 40,294 MW, encompassmg both' seIf—consump— CROUND-MEUNTED  PHOTOVOLTAIC
tion and ground-mounted plants. This achievement solid- PLANTS WERE INSTALLED IN SPAIN
ifies photovoltaics as the renewable technology with the

highest installed capacity.

2025 UNEF ANNUAL REPORT

The installation of ground-mounted plants remained IN 2024, 1182 MW OF PHOTOVOLTAIC

steady compared to 2023, with a minor decrease of s F.CONSUMPTION CAPACITY WAS
90 MW, a slight drop of 1.47%. Overall, the pace of instal- INSTALLED IN SPAIN

lations has been maintained without the need for subsi-

dies or new remuneration schemes.

In contrast, self-consumption saw a 31% decline compared to
2023, with a total of 1,182 MW installed in 2024. This trend in-
dicates a contraction in the sector after the strong growth driv-
en by high electricity prices and European subsidies in previous
years.

Figure 17: Photovoltaic capacity in ground-mounted plants (including self-con-

sumption as estimated by REE) by Autonomous Community up to August
2025.

Cumulative PV ground-mounted capacity by Autonomous Community
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Source: Red Eléctrica de Espaia (29/07/2025)
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IN 2024, PHOTOVOLTAICS ACCOUNT-
ED FOR 17% OF ELECTRICITY GENERA-

TION

Figure 18. Photovoltaic capacity in ground-mounted plants IN 2024 (including
self-consumption as estimated by REE) by Autonomous Community up to Au-
gust 2025.
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Source: Red Eléctrica de Espafia (29/07/2025)

In 2024, photovoltaics made up 17% of the electricity
mix, continuing a trend of steady growth: 6.2% in 2020,
8.2% in 2021, 10.2% in 2022 and 14.2% in 2023, accord-

IN 2024, THE SECTOR CONTRIBUTED
€15.317 BILLION TO TOTAL GDP, BOTH

ing to Red Eléctrica's data.

The photovoltaic sector's total economic impact in 2024—includ-
ing direct, indirect, and induced GDP generated both domestical-
ly and internationally—was €15.317 billion, a 2% decrease from
2023 (€15.637 billion).

Table 2. Economic footprint (GDP) of the Spanish PV sector. Millions of euros.

2023 2024p Growth rate
Direct footprint 4609 4596 0%
Indirect footprint 8218 7844 -5%
Induced footprint 281 2877 2%
Total footprint 15637 15317 -2%

Source: UCLM

The direct impact on national GDP was €4.596 billion, re-
maining stable compared to the previous year. The indirect

DOMESTICALLY AND INTERNATIONAL-  effect, stemming from supply chain activities, amounted to

LY

€7.844 billion, marking a 5% decrease. This amount was

almost evenly split between the national footprint (€3.919
billion) and imports (€3.926 billion).

NATIONAL FRAMEWORK

Despite the 5% decline compared to 2023, the indirect contri-
bution remained the largest in absolute terms, totalling €7.844
billion and encompassing both the impact on national GDP and
that generated by imports.

Figure 19. Domestic and imported economic footprint of the Spanish PV sec-
tor. Millions of euros.

W National GDP | Imported GDP Total

4609 7.844

d2aa 3.92¢
4.609 4.596
2.81 2.877
4,609 682 4596 °
3974 3.919
2129 2180
2023 2024p

Source: UCLM

The induced footprint increased slightly by 2%, resulting from the
additional impact generated by the sector's activity, and was esti-
mated at €2.877 billion, of which €2.180 billion corresponded to
the national economy and €698 million to imported GDP.

Table 3. Economic footprint (domestic and imported GDP) by activity group
Millions of euros.

Manufactur-

Engineering Mixed +

2024 Producers ers and Installers Distributors Total
Direct footprint 2755 630 835 377 4596
Indirect foot- 2839 1925 1621 1460 7844
print

Induced foot- 1240 423 848 366 2877
print

Total footprint 6833 2977 3304 2202 15317

Source: UCLM

In 2024, the breakdown of the sector's direct contribution to
GDP (both domestic and imported) was led by energy produc-
ers, contributing €2.755 billion, which is nearly 60% of the total.
They were followed by engineering and installation companies,
which added €835 million (18.2%), and the manufacturing sec-
tor, contributing €630 million (13.7%). The mixed category and
distributors accounted for €377 million, or 8.2% of the direct
contribution.

NATIONAL FRAMEWORK
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The sector's indirect footprint reached €7.844 billion, with pro-
ducers at the forefront (€2.839 billion), followed by manufac-
turers (€1.925 billion), engineering and installation companies
(€1.621 billion), and the mixed and distributors category (€1.460
billion). The induced footprint totalled €2.877 billion, highlight-
ing producers (€1.240 billion) and engineering and installation
companies (€848 million).

In 2024, the Spanish photovoltaic sector reported exports total-
ling €3.421 billion and imports amounting to €2.037 billion, re-
sulting in a total trade surplus of €1.384 billion, slightly lower than
2023's surplus of €1.512 billion. This positive trade balance was
mainly driven by the strong performance of manufacturers, who
exported €1.784 billion, imported €659 million, and achieved a
trade surplus of €1.125 billion. Producers and developers also
contributed, albeit to a lesser extent, with exports of €1.003 bil-
lion, imports of €667 million, and a surplus of €335 million. Engi-
neering firms and installers exported €233 million and imported
€198 million, resulting in a balance of €34 million. Meanwhile, the
mixed category and distributors exported €402 million and im-
ported €513 million, ending with a deficit of €111 million. Although
export volumes decreased from 2023's figure of €3.628 billion,
the sector still maintained a clearly favourable trade balance,
demonstrating its international competitiveness despite the slight
year-on-year decline.

Table 4 Imports, exports by activity. Millions of euros.

Engineers Mixed +
Producers Manufacturers and Installers  Distributors Total
Exports 893 2,043 234 458 3,628
2023
Imports 559 719 219 616 2116
Exports 1003 1784 233 402 3421
2024p
Imports 667 659 198 513 2037

Note: Mixed includes Distributors. Producers include Developers. Source:
UCLM

When analysing the total impact of exports in terms of GDP gen-
erated by activity, the photovoltaic sector contributed €3.767
billion in 2024, compared to €3.972 billion in 2023. This calculation
reflects the wealth actually generated in the national economy
from exports, excluding imported content and considering direct,
indirect, and induced effects. By segment, manufacturers were
the largest contributors (€1.972 billion), followed by producers
and developers (€1.148 billion), the mixed category (€355 million),
and engineering and installation companies (€291 million).

NATIONAL FRAMEWORK

Figure 20: Total impact of exports in terms of GDP generated by activity.

Productores [l Fabricantes [l Ingenierias e Instaladores W Mixta Total
3,972 M€
3,767 M€
408
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291
291
2,266 1,972
2023 2024p

Source: UCLM

The manufacturing sector once again led the export impact in
terms of GDP, contributing €1.972 billion, although this was a de-
cline from €2.266 billion the previous year. Producers and devel-
opers saw an increase, reaching €1.148 billion, while engineering
and installation companies kept their contribution steady at €291
million. In contrast, the mixed category, encompassing distribu-
tors and other activities, reduced its contribution to €355 million,
down from €408 million in 2023.

These companies have been identified as operating in more than
59 countries. As shown in figure 21, besides Europe, businesses
in the sector are present across almost the entire American conti-
nent, much of Asia, several African countries and Australia. How-
ever, since the war in Ukraine, company operations in Asia have
decreased due to trade restrictions with Russia.

Figure 21. International presence of Spanish companies in the solar photovol-
taic sector. 2024

Source: Prepared by UCLM based on data from SABI, Spanish Ministry of For-
eign Affairs and ICEX.
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Eeesseseeeeeeeesssssssm [N 2024, the economic impact of exports from the pho-
IN 2024, THE ECONOMIC IMPACT OF tovoltaic sector was €3.767 billion, in a context marked
EXPORTS FROM THE PHOTOVOLTAIC by the tariff policies and protectionist programmes of

SECTOR WAS €3.767 BILLION

the US, India, and China, which had already slowed down

growth in 2023.

Table 5. Technological innovation activities: Innovation intensity (%) and R&D&I
spending. Millions of euros.

Innovation intensity R&D&I spending R&D&I spending

(%) 2023 2024p
Producers 3.04 175 179
Manufacturers 6.73 200 177
Engineering and installers 3.36 93 89
Mixed + Distributors 524 80 76
TOTAL 2023 3.87 549 521
TOTAL 2024 (p) 3.78

TOTAL Spanish companies 1.61
TOTAL Spanish industry 1.36

Note: Mixed includes Distributors. Source: UCLM

In the area of R&D&I, companies in the photovoltaic sector allo-
cated €521 million, which amounts to an innovation intensity of
3.78% of their revenue. Although the overall percentage of ex-
penditure on R&D&I has slightly decreased compared to 2023,
it remains more than double the average for Spanish companies
(1.61%) and well above the national industry average (1.36%).

By segment, manufacturers were at the forefront of innovation,
with an intensity of 6.73% and an investment of €177 million, fol-
lowed by producers at 3.04% and €179 million. Engineering and
installation companies recorded an intensity of 3.36% with €89
million invested, and the mixed category and distributors report-
ed 5.24% with €76 million. Although total investment decreased
slightly from €549 million in 2023 to €521 million in 2024, the sec-
tor maintained a commitment to innovation well above the nation-
al average.

R —— The development of photovoltaic energy not only offers
THE SECTOR HAS DIRECTLY EM-  anvironmental and economic benefits but also gives a sig-

PLOYED 35,105 PEOPLE NATIONWIDE

nificant boost to employment in the country. In 2024, the

sector employed 146,764 people, encompassing direct,
indirect, and induced employment.

Table 6. Employment footprint of the photovoltaic sector by activity. Persons

employed
_ Engineering .
2024p Producers Manufactur and Install- .M').(Ed - Total
ers Distributors
ers
Directfoot- gy iy 1729 7165 11996 4216 35105

print
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Engineering

2024p Producers Manufactur- and Install- .M').(ed * Total
ers Distributors
ers
Indirect foot- )
orint Spain 40052 6767 13466 15284 75569
L;‘r?r:fed foot gpain 15554 5310 10641 4585 36090
Total domestic footprint 67335 19241 36103 24085 146764

Source: UCLM

The Producers section employed the most people, with a total of
67,335 jobs (including direct, indirect, and induced employment),
almost double the number employed by the installers and engi-
neering segment, which reached 36,103 people. Direct employ-
ment remained stable between 2023 and 2024.

Figure 22 Direct employment by type of activity

Productores B 'ngenierias e Instaladores I Fabricantes M Mixta Total
35,075 35,105
4,304 4,216
7,691 7,165
12,260 1,996
2023 2024p

Source: UCLM

When analysing the type of activity within the direct employment
generated, the engineering and installation segment showed the
most significant growth. Employing a large number of skilled work-
ers, this segment accounts for 34.2% of total direct employment
in Spain. Although this figure decreased by 2% from last year, it
still surpasses that of producers, who increased by 8%, rising from
10,820 people to 11,729 in 2024.

Meanwhile, indirect employment in the sector contracted by 1%,
reaching a total of 75,569 jobs The mixed section, which includes
distributors, created the largest number of indirect jobs, account-
ing for 20.2% of all indirect jobs generated by the photovoltaic
sector in Spain.

Finally, the number of induced jobs reached 36,090 in Spain,
showing a slight increase compared to 2023.

NATIONAL FRAMEWORK
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Table 7. Fiscal balance. Millions of euros

2023 2024p
TAX REVENUE
National taxes w863 1562
Local taxes 238.8 270.4
L\ils;t]isonal insurance contribu- 3366 3446
Total tax revenue 2161.6 2151.2
TAX BENEFITS
nvestment grants 208 a7
Tax rebates (ICIO and IBI) 17.0 n.8
Total tax benefits 247.8 189.4
TAX BALANCE 1913.9 1961.8

Source: UCLM and data from the State Tax Agency (Agencia Estatal de la
Administracién Tributaria)

In 2024, the solar photovoltaic sector achieved a notable fiscal
surplus, with tax revenues reaching €1.9618 billion, marking a
2.5% increase compared to 2023. The amounts arising from the
specific remuneration scheme are not classified as subsidies be-
cause they do not originate from the General State Budget but
from the sector's own regulations.

Although the sector does not receive direct financial aid, it does
benefit from tax incentives provided by autonomous communities
and local administrations to encourage self-consumption. These
incentives include rebates on property tax (IBI) and the tax on
construction, installations, and works (ICIO), which support the
adoption of photovoltaic installations in residential, commercial,
and industrial sectors, and even among energy communities.

Renewable energy sources are undoubtedly the most effective
tool for reducing CO. emissions, decreasing reliance on fossil fu-
els, and driving the decarbonisation of the economy. In this regard,
solar photovoltaic energy plays a crucial role by replacing electric-
ity generated from polluting sources, such as gas, in the energy
mix, thereby significantly reducing emissions associated with the
electricity sector.

Beyond its climate benefits, the installation of photovoltaic plants
can provide opportunities for enhancing biodiversity. The limit-
ed human presence and lack of agrochemicals in these areas con-
tribute to improved ecological conditions compared to their previ-
ous state, particularly on degraded or heavily exploited land. By
implementing specific measures aimed at eliminating or mitigating
the factors that hinder biodiversity development, these sites can
become spaces that not only generate clean energy but also ac-
tively contribute to the conservation and restoration of nature.

NATIONAL FRAMEWORK

Figure 23: Emissions avoided by type of primary source (MtCOZ2 eq)

Coal [l Fossil Mix [l Combined cycle Il National electricity sector mix
42.8
36.4
15.8 14.7 = P
4.6 4.5
2023 2024p

Source: UCLM

In this estimate, the baseline scenario assumes that the substitu-
tion mainly affects combined cycle plants. Photovoltaic generation
has more significantly displaced this technology, preventing 17.7
MtCO; eq emissions in 2024, up from the 14.7 MtCO; eq estimat-
ed in 2023. Gas remains the most impacted fossil fuel due to the
increasing presence of photovoltaic energy in the energy

mix, since it primarily serves as a backup technology. =,

IN  SPAIN ALONE,

PHOTOVOLTAIC

SOLAR ENERGY HAS AVOIDED 17.7

Solar photovoltaic energy has established itself as a cru-  MTCO2 EQUIVALENT

cial component in the decarbonisation of the Spanish
electricity system, aligning with the national trend of re-
ducing emissions by replacing fossil fuel generation with renew-
able energy sources. As it operates without emitting greenhouse
gases, it plays a vital role in reducing the carbon footprint and im-
proving air quality. Furthermore, a photovoltaic panel offsets the
emissions from its manufacturing within just 6 to 9 months of use,
while its lifespan is 25 to 30 years, thereby maximising its positive
environmental impact.
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eesssssssssssssssssssm—m—n | € Year 2024 was defined by numerous public consulta-
IN 2024, CRUCIAL ADMINISTRATIVE tions and challenges in passing legislation. It was also the
MILESTONES FOR THE DEVELOPMENT  year when negative price hours emerged in the electrici-

OF PHOTOVOLTAIC PROJECTS WERE
EXTENDED

ty market, underscoring the urgent need to speed up the

deployment of storage systems. Problems related to the
six-month system for extending administrative milestones
remain unresolved.

The effects of the DANA influenced legislative activity in 2024,
leading to the introduction of several Royal Decree-Laws in the
last quarter to mitigate its impact.

Royal Decree-Law 4/2024

In June 2024, the Council of Ministers approved Royal Decree-Law
4/2024 on 26 June, which extended measures to tackle the eco-
nomic and social fallout from the conflicts in Ukraine and the Mid-
dle East, while also introducing urgent actions in taxation, energy,
and social affairs.

This Decree-Law included specific energy measures, such as tem-
porarily extending discounts on the social electricity tariff, pro-
longing the flexibility of electricity supply contracts, and continuing
the support mechanism to ensure the competitiveness of ener-
gy-intensive industries, among others. Additionally, amendments
were made to Law 24/2013 on the electricity sector related to the
information that electric vehicle charging providers must supply.

Royal Decree-Law 10/2024: Temporary Energy Levy.

At the end of December 2024, the government approved Roy-
al Decree-Law 10/2024, introducing a temporary energy levy for
2025 on major energy operators.

However, due to political uncertainty, Parliament did not ratify
this Decree-Law in January 2025, leading to its repeal.

RD 662/2024: Regulatory Framework for Floating Photovolta-
ics

On 9 July, Royal Decree 662/2024 set the rules for installing float-
ing photovoltaic plants on reservoirs within the public water do-
main, specifically in river basins managed by the General State

Administration. It also amended the Public Water Domain Regula-
tions, initially established by Royal Decree 849/1986.
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The decree aimed to define the legal and technical condi-

T ———__tjon's for a more efficient processing of applications, using
RD 662/2024 ESTABLISHED A REGU- 3 ynified procedure to jointly address the prior administra-

LATORY FRAMEWORK FOR FLOATING

PHOTOVOLTAICS

tive authorisation for the electricity sector and the public

water domain concession, in accordance with the Water
Law.

The regulation restricted concessions to artificial or heavily mod-
ified water bodies, allowing exceptions for protected areas only
with explicit authorisation. It also set a cap on the maximum per-
centage of usable surface area, allowing 5% for non-eutrophic
reservoirs and 15% for eutrophic ones. One of the significant in-
novations introduced by the Royal Decree is the ability to process
and grant public water domain concessions and prior adminis-
trative authorisations simultaneously through a "one-stop shop"
procedure. This approach greatly streamlines the process for de-
velopers of renewable energy projects.

Order TED/353/2024

Order TED/353/2024 set the remuneration values for the second
half of 2023, applicable to renewable energy, cogeneration, and
waste facilities. It also approved new standard facilities with their
remuneration parameters, introducing important adjustments to
the Specific Remuneration Regime (RECORE).

The main change involved revising the methodology for calculat-
ing the upper and lower limits (LS and LI) of the VADPM (Value Ad-
justment for Market Price Deviations). Instead of using actual en-
try data, the revised method employs estimated technological
entry data. This change aimed to prevent calculation inaccuracies,
as using actual data against estimated pool prices did not align
with the VADPM's purpose of compensating for the difference be-
tween forecasted operational remuneration prices and the actual
prices received by the facilities.

Legislative progress on energy transition and climate change made
strides across the various autonomous communities.

Andalusia

In January 2024, the Andalusian Regional Government approved Royal
Decree-Law 1/2024, amending several decrees related to business aid.
Improvements were made to conditions for aid for investment in ener-
gy efficiency, with aid intensities reaching up to 100% in some cases and
the possibility of reducing them to 22.5%. Aid for building projects was
extended beyond the de minimis rules, and in the areas of renewables,
hydrogen, and cogeneration, subsidies covering total investment costs
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were introduced, simplifying the calculation process. Support for the cir-
cular economy was also expanded, with a 5% increase in aid intensity,
reaching up to 100% for energy infrastructure and an additional 10% for
studies.

Additionally, various resolutions were introduced to promote renewable
energies, self-consumption, and storage. These included modifying RD
477/2021 to incorporate self-consumption and storage, extending its
validity until 2024, and strengthening and expanding aid and incen-
tives.

Aragon

In 2024, Aragon revamped its energy regulatory framework, introduc-
ing measures related to renewable energy taxation, increased fund-
ing, and support for energy communities and industrial self-consump-
tion. In May, Law 2/2024 was passed, introducing environmental taxes
on wind and photovoltaic farms that occupy more than 5 hectares, in line
with UNEF's proposals. This law excluded certain self-consumption ar-
rangements with surpluses, included rebates for others, and established
tax deductions for developers who invest in socio-economic improve-
ment programmes and initiatives to combat depopulation, consistent
with UNEF recommendations.

In December 2024, Aragon approved Law 5/2024 on 19 December,
which promoted industrial self-consumption, energy communities,
and energy planning. It reinstated content from Decree-Law 1/2023,
previously annulled by the Constitutional Court. The law took effect on
31 December 2024 and covered various areas, including self-consump-
tion with and without surpluses, energy communities, direct lines,
closed networks, and projects of regional interest. It also established the
Permanent Energy Forum and mandated the creation of a new Energy
Plan for Aragon, which will feature public participation and environmen-
tal assessment. Furthermore, the law set out priority procedures for in-
dustrial decarbonisation projects, introduced measures for electric vehi-
cles, established an energy solidarity fund, and adapted existing regional
regulations to ensure regulatory consistency.

Asturias

In 2024, an amendment to Decree 63/2022 of 21 October, which
outlines the Principality of Asturias' land use and urban planning
regulations (ROTU), was opened for public consultation. The De-
partment proposed this revision to manage the high number of
applications for access and connection for storage, which were
placing considerable pressure on rural areas. They suggested de-
fining a land use planning model to address this issue. During the
amendment process, urban planning applications for non-de-
velopable land were suspended, and proposed minimum dis-
tances were set at 1 km from urban centres and 500 m from
livestock or forestry facilities. UNEF criticised these measures as
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a ‘de facto ban,’ citing a lack of technical or scientific justification.
The amendment to Decree 63/2022 was ultimately approved in
2025 through Decree 89/2025 on 30 June.

Aid for renewable self-consumption facilities and thermal sys-
tems continued under the state programme RD 477/2021 (Recov-
ery Plan), with applications processed and deployment ongoing
in 2024.

Balearic and Canary Islands

In September 2024, Order TED 1035/2024 was issued concern-
ing the SOLBAL | and Il and SOLCAN | aid programmes, which
introduced significant changes to expedite aid payments. The
most notable change allowed for funds to be paid once photo-
voltaic installations were completed and provisional certification
was issued, without waiting for final certification, thereby reducing
administrative delays.

In the Balearic Islands, the government approved Decree-Law
3/2024 on 24 May, which took effect on 29 May and was rati-
fied by Parliament on 20 June. This decree included measures
to streamline administrative procedures in environmental and
energy sectors. However, it was repealed on 14 December by
Law 7/2024, which partially upheld its measures and accelerated
authorisations while reducing bureaucracy in energy, urban plan-
ning, and transport. Additionally, subsidies for photovoltaic and
thermal self-consumption were extended under the NextGenera-
tionEU Plan.

In the Canary Islands, Royal Decree-Law 5/2024, published on 24
June, amended Law 6/2022 on Climate Change and other regula-
tions. It simplified authorisations for transport networks, stream-
lined guarantees for distributors, and established local partici-
pation requirements in renewable projects, mandating 20% local
involvement for projects of 2 MW. The concept of renewable ac-
celeration zones was introduced, and a two-year timeframe was
set for regulating agrovoltaic installations. Moreover, on 26 August
2024, an order was published setting the rules and announcing
subsidies for energy communities, under Programme 2, Line 2 of
the Sustainable Energy Strategy in the Canary Islands, funded by
Next Generation EU.

Cantabria

In Cantabria, 2024 saw little in the way of regulatory activity, with the ex-
ception of a public consultation on updating the Environmental Control
Law. In April 2025, the regional government approved a bill to replace
the 2006 law. The proposed measures include establishing an inspec-
tion unit empowered to impose fines of up to €500,000, clarifying
procedures (such as the use of affidavits versus environmental authori-
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sations), and transferring environmental control responsibilities to the
Directorate-General for the Environment.

Castile-La Mancha

The Directorate-General for Coordination opened the Draft Law on Ad-
ministrative Simplification and Streamlining to public consultation, dur-
ing which UNEF requested an amendment to Article 55 of the LOTAU.
This amendment aimed to clarify how the general rule applies to projects
requiring environmental impact assessment, prohibiting activities on ru-
ral land that obstruct views, disrupt the landscape, or spoil the scenery
of urban areas, roads, and paths.

The Regional Ministry of Sustainable Development incorporated the
amendments from RD 445/2023 into regional legislation through the
Environmental Assessment Law. This expanded the range of projects
requiring either ordinary or simplified assessments, removed certain
thresholds, and introduced new criteria for determining when a project
should move from a simplified to an ordinary assessment. Finally, Order
72/2024, dated 9 May, approved the revision of the Management Plan
for SPAs dedicated to steppe birds, aligning it with European regula-
tions on wild birds and protected areas.

Castile and Ledén

Decree 3/2024, dated 29 February, reformed the Regulations of the Re-
gional Public Energy Agency (Decree 30/1997), modernising its organ-
isational structure and functions to align with new energy requirements.
Law 4/2024, issued on 9 May, concerning tax, financial, and adminis-
trative measures, introduced changes to environmental regulations. It
amended the Environmental Prevention Law (Legislative Decree 1/2015)
and made adjustments to the Natural Heritage Act (Act 4/2015) to en-
hance the protection of rural land within the Natura Network and im-
prove the regulation of Master Plans.

In September 2024, Order EYH/911/2024 established and regulated the
Register of Electricity Self-Consumption and the Register of Electricity
Production Facilities in Castile and Leén. This initiative aimed to facili-
tate the registration, control, and transparency of self-consumption in the
region.

Catalonia

In 2024, a draft Decree-Law on energy storage was developed, which
is still awaiting final approval. This draft included battery installations
as public or social utility infrastructure, making it easier to implement
them on non-developable land.

The Decree-Law 16/2019 on renewable energies was also updated to
explicitly recognise energy storage, clarify authorisation procedures,
and streamline administrative processes.
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At the time of reviewing this section, the Decree on storage had not
been ratified by the Parliament of Catalonia and was subsequently re-
pealed.

Community of Madrid

In 2024, the Community of Madrid enacted Law 7/2024, dated 26 De-
cember, concerning Measures for Balanced Development in Environ-
mental and Land Use Planning. This omnibus law revised the Land Law
(Law 9/2001) and the Land Use Law (Law 9/1995). It permits energy and
telecommunications infrastructure to be established on undeveloped
or protected non-developable land without urban planning permits, re-
quiring only sectoral permits and a municipal report (with positive silence
within one month). The law also broadened the conditions for a respon-
sible declaration for photovoltaic self-consumption and charging points,
except in protected areas, and extended the statute of limitations for
urban planning violations to six years for general land and fifteen years
for protected non-developable land.

Territorial planning instruments were restructured to clarify the hierar-
chy of plans, promote rural revitalisation, and simplify urban planning.
Additionally, a Special Infrastructure Plan was introduced to legitimise
photovoltaic projects, incorporating the joint application process for
Preliminary Administrative Authorisation (AAP) and Construction Ad-
ministrative Authorisation (AAC), ensuring the dismantling of facilities.
Furthermore, a draft decree by the Governing Council was submitted
for public consultation. This decree covers procedures for authorisation,
communication, verification, inspection, responsibilities, and penalties for
high-voltage electrical energy facilities in the Community of Madrid.

Valencian Community

The year 2024 in Valencia was defined by the devastating impact of
the DANA, a high-altitude isolated depression. On 9 July, Royal Decree
7/2024 on administrative simplification by the Valencian Regional
Government was approved. The regulation consolidates all regulations
related to renewable energy installations into a single sectoral frame-
work, reducing regulatory fragmentation. It clarifies previously confusing
definitions, such as those for PV plants and stand-alone energy storage
facilities. The maximum occupancy limit for photovoltaic plants has been
increased to 10% of non-developable land (both common and protected,
collectively) in each municipality. To ensure legal certainty in urban plan-
ning procedures, local councils are prohibited from suspending licenc-
es that affect the processing of renewable energy generation projects.
The content of urban planning compatibility reports is now regulated to
focus strictly on urban planning and territorial issues.

Law 6/2024, dated 5 December, on Measures for Administrative Sim-
plification and Regulatory Improvement, was approved. It includes
significant amendments in the fields of environmental quality, climate
change, protected areas, animal welfare, and livestock trails, as well as
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in land use and energy. It also impacts the Climate Change Act (6/2022)
and the Act on Prevention, Quality, and Environmental Control of Activ-
ities (6/2014).

Extremadura

Throughout 2024, Extremadura did not pass any decree-laws related to
energy, climate, or urban planning. However, in April 2024, a method-
ological proposal was published to determine acceleration zones for
renewable energy projects, based on the region's capacity maps.

Galicia

In Galicia, Law 2/2024 was enacted in November 2024 to enhance the
social and economic benefits of projects utilising the region's natural
resources. The primary aim of the law is to ensure responsible man-
agement of these resources, balancing environmental protection, wealth
creation, and the positive impact of this wealth on the region.

The law requires social impact studies and assessments of ecosystem
services for planning and executing projects that use natural resourc-
es. It also aims to ensure these projects provide a tangible return to the
social and economic environment, prioritising collective well-being and
sustainability.

La Rioja

In January 2024, the Parliament of La Rioja passed Law 1/2024, intro-
ducing urgent temporary measures to protect the region's landscape.
This law stipulated that once the targets of the Riojan Integrated En-
ergy and Climate Plan (PRIEC) are met, the declaration of public utility
for new renewable energy facilities would no longer be backed by the
Electricity Sector Law. It also strengthened the application of the Euro-
pean Landscape Convention by legally recognising landscapes as key
elements in land use and urban planning policies (Law 5/2006). The law
put an immediate halt to the procedures for recognising public utility
and granting authorisations for electricity generation projects and their
associated infrastructure on non-developable land. Exceptions apply to
self-consumption facilities without surplus and projects that have already
completed the public information phase.

Additionally, on 4 October 2024, the Draft Law on Fiscal and Admin-
istrative Measures for La Rioja for 2025 was published, introducing an
environmental and visual tax on wind and solar power installations.
This extra-fiscal, compensatory tax applies to both operational and un-
used facilities until they are entirely dismantled. The tax base is deter-
mined by the size of the infrastructure, the number of wind turbines, and
the enclosed area of solar plants. A rate of €350/ha was set for photo-
voltaic parks, with exemptions for self-consumption facilities and those
with a capacity below 5 MW, unless they are connected to a common
evacuation line with a total capacity above that threshold.

NATIONAL FRAMEWORK

2025 UNEF ANNUAL REPORT



Murcia

The Strategic Subsidy Plan of the Regional Ministry of the Environment,
Universities, Research and the Mar Menor for the 2024 financial year was
approved by Order on 9 February 2024. This plan was subsequently
amended on several dates — 23 April, 26 April, 30 April, 3 June, 13
June, and 28 June 2024 — to update and introduce new subsidy lines
within the 442J Clean Energy programme.

Navarre

In 2024, Navarre continued implementing Regional Law 4/2022, pro-
moting self-consumption, efficiency, and distributed generation, while
advancing the establishment of the Navarre Energy Transition Agency
(ATENA). In April 2025, Regional Law 4/2025 was approved, defining
ATENA's functions: executing the Energy Plan, managing public invest-
ments, and supporting energy communities, efficiency, and renewable
R&D.

That same year, the regional government launched a funding call for in-
dustrial decarbonisation for 2025-2026, with €2.5 million allocated for
2025 and €1 million for 2026, plus an additional €700,000. The support
was targeted at SMEs and large emitting companies, covering efficien-
cy, photovoltaic self-consumption, and energy storage. Subsidies could
cover up to 50% of eligible expenses, with maximum limits of €300,000
for efficiency and €200,000 for self-consumption, focusing on energy
and territorial impact.

Basque Country

On 8 February 2024, the Basque Parliament passed Law 1/2024 on En-
ergy Transition and Climate Change. This law, which builds on a 2021
draft, establishes a regulatory framework for the Basque Country. It in-
troduces governance mechanisms, promotes citizen participation and
imposes a levy on renewable energy installations to offset environ-
mental impacts.

The "Renewable Energy Levy" is a direct and recurring charge aimed
at mitigating the environmental effects of renewable energy installa-
tions on non-developable land. The levy applies to both existing and
new installations and the revenue generated will be allocated to fund the
conservation and restoration of the affected environments. Owners of
these installations are responsible for the levy, which is set at €700 per
hectare impacted, adjusted proportionally for the first and last year of
operation. The law provides exemptions for self-consumption facilities
and those generating less than 5 MW.
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CNMC Circular 1/2024 on Demand

On 27 September 2024, the National Commission for Markets and
Competition (CNMC) issued Circular 1/2024 on demand. This doc-
ument sets out the methodology and conditions for accessing
and connecting to the transmission and distribution networks
for electricity demand facilities. This Circular, highly anticipated
across the sector, addresses many of the industry's requests re-
garding permits for access and connection related to demand. It
streamlines the process for applying for and granting permits for
consumer access and connection to transmission and distribution
networks. Additionally, it establishes a regulatory framework for
developing flexible access permits and mandates electricity dis-
tribution companies to create platforms to manage and track ac-
cess and connection permit applications. Furthermore, this Circu-
lar revises Circular 1/2021 on generation, shifting the acceptability
criterion to focus on access capacity rather than installed power.

The main innovation in this Circular is the introduction of various
types of access permits, enabling new flexible demand that does
not require firm security of supply to connect to the grid. This
applies to manageable consumption patterns that can be con-
centrated at specific times of the day. The specific conditions for
determining firm and flexible capacity will be outlined in several
annexes, detailing the Detailed Specifications, both firm and flex-
ible, for transmission and distribution networks. These Detailed
Specifications will be approved in 2025. For the Detailed Spec-
ifications for Firm Demand, the approved text is expect-

ed to be final. However, for Flexible Demand, the text THE

may incorporate various types of flexible access permits  gtaANDARDISES
over time. These flexible access permits for transmission  ACCESS

CIRCULAR
CONDITIONS FOR
CONNECTION  TO

and distribution networks aim to optimise their use by TRANSMISSION ~AND DISTRIBUTION
NETWORKS FOR DEMAND FACILITIES.

allowing more energy to flow per unit of granted access

capacity or contracted power.

The proposal emphasises transparency by suggesting a web
platform to process demand requests, which will differenti-
ate requests from downstream distributors and streamline the
management of network access applications for self-consump-
tion and electric vehicle charging infrastructure. Additionally, the
transparency measures include publishing the granting of per-
mits for demand facilities and requiring grid operators to disclose
information about network node access capacity.

Just Transition Tenders

Order TED/345/2024, dated 9 April, set out the procedure and require-
ments for granting evacuation access capacity to the electricity transmis-
sion grid at Just Transition nodes (Garofia 220 kV, Guardo 220 kV, Lada
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400 kV, Mudéjar 400 kV, and Robla 400 kV). This applies to synchronous
generation modules from renewable sources and synchronous storage.

This order is part of the Just Transition Strategy, within the framework
of the National Integrated Energy and Climate Plan (PNIEC) and the Re-
covery Plan. Its goal is to replace the capacity of decommissioned ther-
mal and nuclear power plants with renewable generation that enhances
the stability of the electricity system, while also boosting economic ac-
tivity and employment in the affected areas.

Table 8: Access capacity per node

Access capacity for synchronous generation
Just transition node name and voltage
modules (MGES)

Garofia 220kV: 151
Guardo 220kV: 216
Lada 400kV: 90
Mudéjar 400kV: 154*
Robla 400kV: 648

Source: Order TED/345/2024

The regulation set the maximum available capacity for synchro-
nous generation at each node and defined a concession proce-
dure based on the principle of temporal priority, with additional
requirements for applicants. They had to demonstrate legal and
technical capacity, provide financial guarantees, and commit to
socio-economic initiatives. These included promoting self-con-
sumption (2 kW for each MW requested), offering training (1
beneficiary per MW with at least 100 hours of instruction), and
creating jobs (1 full-time equivalent job per MW). Additionally, up
to 20% of the project area could be located in neighbouring mu-
nicipalities, provided they fall within the scope of the Just Transi-
tion Agreements.

The order introduced a definitive guarantee of €120/kW to ensure
compliance with socio-economic commitments. This guarantee
would be verified and released through external audits within a
maximum of six years (or ten years for reversible pumping pro-
jects). If commitments are not met, the guarantees will be en-

forced and access rights forfeited. Additionally, the order

against neighbouring municipalities and removing the size limit
for the application ZIP file. The tender outlined an indicative ac-
cess capacity of 744 MW for storage, with a maximum of 154
MW at Narcea 132 kV and 27 MW at Vega de Rengos 50 kV.
The selection criteria were based on technical, socio-econom-
ic, maturity, and environmental impact factors, with a maximum
score of 100 points. Applicants were required to meet techni-
cal and legal standards and commit to employment, self-con-
sumption, local investment, and sustainability initiatives. They
also needed to provide guarantees of €120/kW.

= Meirama Node Tender: 220 kV

Order TED/1469/2024, published on 26 December 2024, laid
out the rules for the tender for access at the Meirama Just
Transition node (220 kV). As with other tenders, UNEF's sug-
gestions, such as the inclusion of neighbouring municipalities
and the simplification of documentation, were incorporated.
The tender considered a guideline capacity of 399 MW for
storage and allowed connections to underlying distribution
networks. Evaluation criteria were categorised into technology,
socio-economic impact, maturity, and environmental impact.
Facilities were to be primarily located in the Valle del Caudal
Just Transition Zone, with up to 20% permitted in adjacent mu-
nicipalities in A Corufia. Socio-economic commitments involved
local employment, training, self-consumption, and investments
in the province's value chain.

= La Pereda Node Tender: 220 kV

Order TED/1470/2024, also published on 26 December 2024, set
the regulations for the tender to access the La Pereda Just Transition
node (220 kV). The System Operator indicated an indicative capac-
ity of 214 MW for storage. The evaluation of applications used the
same scoring criteria as other nodes: technology (up to 20 points),
socio-economic impact (64 points), maturity (6 points), and environ-
mental impact (10 points). Facilities needed to be located within mu-
nicipalities in the Valle del Caudal Just Transition Zone, with up to
20% of the area allowed in neighbouring municipalities. Commitments
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were required in areas such as employment, training, self-consump-
tion development, circular economy, and biodiversity, supported by
a financial guarantee of €120/kW.

regulated the additional capacity available, including the
TED/345/2024 ESTABLISHED ACCESS

AT FAIR TRANSITION NODES AND PRI- capacity reserved for small mstalla.tlons at the Mudéjar
ORITISED SOCIO-ECONOMIC IMPACT. node. It also ensured transparency in the process by re-
quiring the publication of information and monitoring the
commitments made by developers.

Detailed specifications

In July 2024, the CNMC approved the detailed specifications for gen-
eration access capacity to electricity networks (Resolution RDC/
DE/002/24). The resolution introduced new detailed guidelines for cal-
culating grid access capacity for electricity generation facilities, expand-
ing upon Circular 1/2021. It applies uniform criteria across grid operators,
thereby facilitating the integration of new renewable generation, stor-
age, and demand facilities.

= Narcea Node Tender: 400 kV

On 26 December 2024, Order TED/1471/2024 was published,
setting the regulations for the tender granting access capac-
ity at the Narcea Just Transition node (400 kV). Some UNEF
proposals were included, such as ensuring non-discrimination
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THE TENDERS IN NARCEA, MEIRAMA,
AND LA PEREDA TOTALLED 1,350 MW,

For the transmission network, the resolution specifically addressed the
dual nature of storage, acknowledged Grid Forming technology, and
outlined the use of Synchronous Compensators (SC). In the distribution
network, it incorporated the concept of the Contribution Factor (CF) to
evaluate flows under N-1 conditions and included references to storage
and synchronous compensators. Network operators have been given a
transitional period until 2 December 2024 to adapt their calculations and
update the information on available capacity.

Order TED/1487/2024, dated 26 December, on system charges
and the subsidised rate

The financing of the subsidised rate was governed by Royal Decree-Law
10/2022 and Royal Decree 897/2017, with costs distributed among the
electricity system agents: producers, transmission operators, distribu-
tors, retail suppliers, and direct market consumers. The CNMC calculated
the financing percentage and unit values for each segment based on
their turnover, energy production, or number of customers (€/MWh or
€/CUPS, where CUPS stands for Universal Supply Point Code).
In 2025, the unit value for production was set at €0.432343/
MWh, while the retail supply value reached €4.650987/CUPS.

ASSESSING EMPLOYMENT AND SuUS-  The overall cost distribution was allocated as follows: 40.63%

TAINABILITY.

for producers, 1.74% for transmission, 8.36% for distribution,

48.45% for retail supply, and 0.82% for direct consumers.

Order TED/1487/2024, dated 26 December, revised the charges for the
electricity system and authorised the allocation of funding for the social
tariff and supply to vulnerable consumers for the 2025 financial year.
The order included adjustments funded by the system surplus (€420 mil-
lion from the 2023 surplus) and established the final unit values for each
activity, along with the energy and power terms for every tariff segment,
including electric vehicle charging points. It also governed capacity pay-
ments, compensation for the additional cost of non-mainland systems
(€836 million), and the distribution of the historical deficit (€2.39 billion
related to FADE and the 2013 deficit).

A forecasted 20.17% drop in turnover reduced producers' contributions
by 6.4%. The adjustment to the social tariff compared to 2024 was part-
ly due to corrections from previous years. Despite the decline noted in
2024, the subsidised rate for 2025 remained lower than in 2023, indicat-
ing a trend towards stabilisation after correcting past excesses in cost
calculation and distribution.

Operating Procedure 7.4 - Voltage control

In June 2025, the CNMC approved Operating Procedure 7.4, which gov-
erns the complementary voltage control service in the transmission
grid, a crucial element for ensuring the quality and security of the elec-
tricity supply. This service is provided through reactive power man-
agement, involving both the generation and absorption of reactive
power by generators, transmission companies, distributors, and large
consumers (=15 MW). The System Operator (REE) manages the process
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by setting voltage setpoints and monitoring real-time compliance via
telemetry.

Generators with a capacity of =30 MW, as well as smaller generators
whose combined capacity reaches this threshold at a single node, must
maintain a minimum reactive power margin (:15% of their maximum
active power) . They can also offer additional resources, such as act-
ing as synchronous compensators. Consumers and distributors need to
adhere to strict power factor limits based on time periods to prevent
either the delivery or excessive consumption of reactive power.

The procedure also outlines the annual and daily processes for pro-
gramming and resource allocation, measurement and control methods
(with sampling every 5 to 10 minutes), and the regulated remuneration
for additional reactive resources used, including penalties for non-com-
pliance. This framework enables investors and renewable energy sys-
tems to participate in voltage control by providing grid support services.

Photovoltaic self-consumption continued to be a profitable and
sustainable option, providing users with greater energy independ-
ence. Increasingly, installations incorporated storage solutions,
enabling energy use during peak times and reducing grid conges-
tion.

Energy communities (ECs) serve as the most comprehensive tool
within the distributed energy ecosystem. They encompass all key
aspects of the ecological transition: renewable electricity genera-
tion and consumption, energy efficiency, sustainable mo-
bility, storage, and demand aggregation. Moreover, they

I ——
IN 2024, 1,182 MW OF SELF-CONSUMP-

encourage the active involvement of citizens, society, and 110N WAS INSTALLED IN SPAIN, MARK-
the economy—especially at the local level—alongside lo-  ING A 31% YEAR-ON-YEAR DECLINE.

cal authorities.

Draft Royal Decree on electricity self-consumption

At the end of 2024, the Ministry for Ecological Transition and the De-
mographic Challenge initiated a public consultation on the draft Roy-
al Decree concerning electricity self-consumption. This move aimed
to update the administrative, technical, and economic conditions nearly
six years after the existing regulation, Royal Decree 244/2019, came
into force. The review aimed to simplify procedures, optimise the man-
agement of surpluses, integrate storage solutions, promote shared
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self-consumption, and support the development of energy communities.
It adapted the regulatory framework to accommodate technological ad-
vancements and the evolving landscape of the electricity system.

Royal Decree 244/2019 had established the groundwork for self-con-
sumption in Spain, defining non-isolated models for the first time—those
without surpluses, those with surpluses eligible for simplified compen-
sation, and those with surpluses not eligible for compensation—, as well
as providing a framework for collective self-consumption. However, the
sector’s requirements had changed, necessitating proposed regulatory
amendments. These included extending the exemption from access and
connection permits to all installations supplying less than 15 kW, increas-
ing the threshold for simplified processing to 500 kW, permitting the
distribution of surpluses as well as generation, removing the requirement
to install generation meters in collective self-consumption setups, and
developing the role of the collective self-consumption manager. The first
draft of this new Royal Decree was anticipated to be published in 2025.

Self-consumption Dialogue Meetings - CNMC

Throughout 2024, the CNMC (National Commission for Markets and
Competition) organised Self-Consumption Dialogue Meetings, bringing
together key stakeholders in the sector. The main aims of these meet-
ings were to analyse self-consumption challenges, identify barriers,
and discuss potential regulatory measures to promote self-consump-
tion.

Non-Legislative Proposal Submitted to Parliamentary Groups

In early March 2025, UNEF, along with the Alliance for Self-Con-
sumption, submitted a non-legislative proposal (PNL) to the parlia-
mentary groups in the Congress of Deputies. This proposal aimed
to strengthen the suggestions from the earlier public consultation
and incorporate new measures not previously considered.

The PNL, which has been registered but not yet presented in a
plenary session, contains twelve proposals focused on modern-
ising the self-consumption regulations. These include introducing
the role of a self-consumption manager, allowing the sharing of
surpluses with a portion allocated to vulnerable consumers, and
enabling monthly modifications of collective contracts. It also
suggested simplifying access and connection with implicit approv-
al, increasing the thresholds for simplified compensation to 450
kW, and extending permit exemptions for installations under 15
kW. Furthermore, the proposal called for a standardised proce-
dure nationwide, increased transparency in transformation cen-
tres, and a greater allowable distance between generation and
consumption points with reduced tolls. Additionally, it advocated
for the introduction of dynamic distribution coefficients, regula-
tion of distributed storage independent of generation, and the
replacement of aid models with tax deductions, including income
tax allowances, corporation tax reductions, and VAT cuts.
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The rate of self-consumption installations in 2024 fell by 31% com-
pared to 2023, adding 1,182 MW of power by the end of 2024,
which is 524 MW less than the previous year.

Figure 24: Estimated installed capacity of photovoltaic self-consumption
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As of 2024, Spain had a cumulative total of 8,137 MW of self-con-
sumption capacity, still far from the 19 GW target set by the
National Integrated Energy and Climate Plan (PNIEC) for 2030.
The residential sector was the least affected by the decline, ex-
periencing a 26% decrease from the previous year, followed by
the commercial sector at 29% and the industrial sector

at 34%. In the industrial segment, where projects typiCal-  — ——————
ly require longer development times, the decline might  spaAIN ACCUMULATES 8137 MW OF
manifest with some delay compared to reductions al- SELF-CONSUMPTION CAPACITY

ready observed in the residential and commercial sectors
in 2023.

Figure 25: Segmentation of self-consumption installed capacity in 2025
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— Meanwhile, off-grid installations grew by 15%, but these ac-

THE RESIDENTIAL SECTOR WAS THE  coynted for only 2% of the total installations in 2024.
LEAST AFFECTED, WITH A 26% DE-

CREASE COMPARED TO 2023

Regulatory Framework

Following the publication of Royal Decree-Law 5/2023, which included
energy communities as entities under the Electricity Sector Law, no
new state-level regulations were introduced for these entities in 2024. As
a result, energy communities still lack a comprehensive regulatory frame-
work that allows them to operate within the system on equal terms. In
2023, a draft Royal Decree intended to develop their regulation was pro-
posed but never materialised.

According to ECODES, in its Common Energy report, there were 659
energy community projects' by the end of 2024. These projects were
established without a fully supportive regulatory framework.

Incentive Programme for Unique Energy Community Pilot Pro-
jects (EC IMPLEMENTA Programme)

The EC Implementa Programme, driven by the IDAE, provides
incentives for distinctive pilot projects within energy commu-
nities. Its initial regulatory framework was established by Order
TED/1446/2021, dated 22 December, which led to four grant
calls. On 22 July 2024, new regulations were introduced via Or-
der TED/764/2024, governing the allocation of this aid under the
Recovery, Transformation and Resilience Plan (PRTR). This order
increased the initial budget for energy communities in the four
prior rounds of the EC Implementa Programme. The grants, fi-
nanced and managed centrally by the IDAE, covered all aspects
from application receipt to examination, selection, management,
resolution, verification, control, and publication of each call for ap-
plications.

These grants, awarded through competitive bidding as non-repay-
able funds, are available until 30 September 2026. They are tar-
geted at public or private legal entities that have formed

Eesssssssssssssssssssm———n— 2D €Nergy community to execute a specific project. The
THE ORDER PRIORITISED PROJECTS rules specify that an energy community must consist of
THAT MINIMISED COSTS, HAD MUL-  at |east five partners or members. Additionally, the Or-

TIPLE COMPONENTS, OR DELIVERED
SOCIAL AND VALUE CHAIN BENEFITS.

der includes definitions of energy communities and issues

like autonomy and effective control, which, as indicated,
should be included in the national regulatory framework.

1 https:/www.energiacomun.org/indicadores/
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Funding is available for actions of distinctive pilot projects in the
following areas:

= Renewable electrical energy, which includes photovoltaic tech-
nology.
To qualify for funding, renewable electrical energy systems
must include a behind-the-meter storage system capable of
storing at least 0.5 hours of the system's electrical power.

= Thermal renewable energies
= Energy efficiency
= Sustainable mobility

= Demand-side management

Table 9: Evaluation criteria. EC-Implementa Call

Assessment criterion Maximum score Accreditation

A. Project characteristics: 15 points

Meets definition Article 2. Regulations

A.1 Multi-component projects 5 in the project memorandum

A2 Administrative feasibility 10
B. Economic viability: 70 points

Description in Project Memorandum
B.1 Reduction on maximum aid 70 Description in Project Memorandum.
C. Externalities: 15puntos
C.1 Social, European value chain and

K 10 Description in Project Memorandum
gender impact
C.5 Alignment W't.h r_e_g\ona\ and/or 5 Description in Project Memorandum
local priorities.
Total: 100
Source: IDAE

After the new regulations were published, the fifth call for grants was
announced, offering €30 million for projects under €1 million, and the
sixth call, providing €90 million for larger projects. Both had an appli-
cation period from 19 September to 31 October 2024.

Initially, the deadline for processing and notifying applicants was set
for 19 March 2025. However, due to the high number of applications, the
Secretary of State for Energy extended this deadline by six months
to September 2025. In addition to these national calls, there were also
supplementary grants available at regional and municipal levels.

UNEF proposals

UNEF has prepared a document with regulatory proposals at the
national level, summarised as follows:

= |t is essential to specify the organisational characteristics and
structures that Renewable Energy Communities (RECs) should
have, aligning with their definition. Therefore, UNEF suggests
that the definitions of autonomy and effective control for
these communities be incorporated into the general regula-
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tory framework as they are crucial for ensuring the independ-
ence of these projects in decision-making and other matters.

= We at UNEF believe that proximity criteria, ensuring the lo-
cal nature of these projects, should be included in the defini-
tion of Renewable Energy Communities.

= We propose developing a supportive framework to stream-
line the processing of installations associated with energy
communities. This would involve assistance from relevant
energy authorities within the autonomous communities and
improved coordination with distribution network operators to
expedite access and connection.

= UNEF emphasises the crucial role of local authorities, whose
involvement strengthens projects. The regulatory framework
should therefore equip local councils with the necessary le-
gal, fiscal, and property tools to support the development,
management, and facilitation of spaces for energy commu-
nities. UNEF proposes amending the Local Government Act
to explicitly define the role of local authorities as promoters,
facilitators, or managers of energy communities. We also sug-
gest revising the Local Authority Property Regulations to al-
low councils to allocate municipal property for these projects.

= We recommend establishing a register of energy communi-
ties to ensure that registered projects meet the relevant defi-
nitions and comply with evolving state regulations, position-
ing them to operate within the electricity sector effectively.

= Finally, we advise promoting economic incentives, such as
tax deductions for energy community members, auctions for
related projects, and ensuring their participation in Energy
Saving Certificates (CAEs).

While there is not yet a specific state regulatory framework in
place, some autonomous communities have already begun devel-
oping their own regulations. In 2024, Aragon enacted Law 5/2024
on 19 December to promote energy communities and industrial
self-consumption, including specific provisions for these projects.
However, the Constitutional Court accepted an appeal from the
Government, arguing that some of its articles might be unconsti-
tutional.

In 2025, the first call for expressions of interest in renewable en-
ergy initiatives within the General State Administration (RENO-
AGE) was approved. This initiative aims to promote the energy
transition in the GSA and its associated or dependent public bod-
ies through co-financing with ERDF funds. New electricity and
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thermal generation facilities from renewable sources, sponsored
by these bodies, were deemed eligible for subsidies, as long as
they met the criteria outlined in the call. A budget of €312.3 mil-
lion was allocated, with the option to increase it if funds were de-
pleted before the application period closed. Applications opened
on 1 April 2025 and will remain open until 30 March 2026.

Additionally, deductions for energy efficiency improvements,
governed by Royal Decree-Law 8/2023, continued. Only the de-
duction for energy renovation works remains in effect. To sup-
port its implementation, the IDAE, in collaboration with the Gen-
eral Council of Economists and the Spanish Council of Architects,
prepared the IDAE Tax Relief Guide. Several autonomous com-
munities continued to offer subsidies for self-consumption, ener-
gy communities, and energy efficiency. In many instances, these
included grants for installations with energy storage.
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This section has been prepared using data compiled and pub-
lished in successive annual reports available up to now. The his-
torical data presented may vary due to updates from the system
operator, changes and consolidation in industry data, the number
of companies surveyed, or differences in the databases used and
their categorisation criteria.

Over the last decade, the photovoltaic sector in Spain has trans-
formed from off-grid installations, typically used in agriculture, to
becoming the leading technology in terms of installed capacity.
This structural transformation has increased its economic signifi-
cance as well.

In 2014, the industry's total impact on the national GDP was ap-
proximately €2.74 billion. Since then, the sector has experienced
continuous growth, particularly from 2018 onwards, when its total
contribution rose to €6.307 billion. This growth trajectory was
driven by the deployment of new capacity and the strengthening
of the national value chain.

By 2024, the sector's total impact reached €15.317 billion, over
five times the figure for 2014 and just below the 2022 record high
of €17.378 billion. This outcome signifies the sector's sustained
high activity levels following significant recent expansion. The di-
rect impact was €4.596 billion, the indirect impact €7.844 billion,
and the induced impact €2.877 billion, demonstrating that the
sector's growth has brought a notable multiplier effect on the na-
tional economy.

Figure 26. Historical data. Contribution of the Spanish photovoltaic sector
between 2014 and 2024 to national and foreign GDP (millions of euros)
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As the data indicates, while 2022 saw a historic peak
in economic contribution, the sector remained ro-
bust in 2023 and 2024, thanks to steady installation of
ground-mounted plants. However, a 30% average annual
decrease in self-consumption signals a shift in the expan-

IN 2024, THE PHOTOVOLTAIC SEC-
TOR'S TOTAL IMPACT ON GDP WAS
€15.317 BILLION, OVER FIVE TIMES THE
FIGURE RECORDED IN 2014.

sion rate of this segment, influenced by a slowdown in
residential demand and adjustments to incentives.

Since the abolition of the sun tax (known as in Spanish, which
was a charge on solar energy producers) in 2018, a charge previ-
ously imposed on solar energy producers in Spain, the photovol-
taic sector has cumulatively contributed over €77.9 billion to GDP
and generated more than €11.6 billion in tax revenue, including
national and local taxes and social security contributions. These
figures demonstrate that, despite some adjustments in certain
segments, photovoltaics continues to be a major economic driver
for Spain and a reliable source of public revenue.

Table 10: Fiscal balance (millions of euros)

2018 2019 2020 2021 2022 2023  2024p
TAX REVENUE

National taxes ¢ 6020 764 954 13206 16568 15863 15362
Local taxes 22.9 130 10 1536 2424 2388 2704
g‘jttiig:s' insurance contri- — 4gq o 233 237 3475 3895 3366 3446
Total tax revenue 810.9 11264 13012 18217 22888 21617 21512
TAX BENEFITS

nvestmentgrants 187 19 67 86 1645 2308 1777
Tax rebates (ICIO and IBI) 1.6 5 6 12.0 24.9 17.0 1.8
Total tax benefits 203 24 73 93.6 189.5 2478 189.4
TAX BALANCE 790.6 11027 12280 17281 20993 19139 19618

Source: UCLM and UNEF

At the local level, the sector generated €270.4 million in rev-
enue in 2024, marking a 13.1% increase from 2023 and an 11.6%
rise compared to 2022. This influx of funds bolsters the financial

capacity of thousands of municipalities. If local author-
ities manage these resources effectively, they can drive
more sustainable regional development, address depop-
ulation, and generate wealth in rural Spain by improving
infrastructure and enhancing public services.

Since 2018, the sector has contributed over €1.168 bil-
lion in local taxes, providing a steady flow of income that
strengthens the economies of numerous municipalities,
particularly in rural areas. This revenue boost has facilitat-
ed local economic growth, helped stabilise populations,
and stimulated complementary activities, establishing
photovoltaics as a catalyst for regional revitalisation
and social cohesion.
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SINCE 2018, THE SECTOR HAS ADDED
MORE THAN €77.9 BILLION TO GDP
AND GENERATED OVER €11.6 BILLION
IN TAX REVENUE FOR PUBLIC FINANC-
ES.

IN 2024, THE SECTOR CONTRIBUTED
€270.4 MILLION IN LOCAL REVENUE,
FOSTERING DEVELOPMENT AND CO-
HESION IN RURAL SPAIN
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Considering the entire value chain, total employment in the photo-
voltaic sector reached 146,764 jobs in 2024, maintaining the high
levels achieved in 2022 and 2023 following significant growth in
previous years. Direct employment held steady at about 35,105
people, while indirect employment rose to 75,569, making it the
largest employment segment. Induced employment was 36,090,
highlighting the ripple effect of photovoltaic activities on other
economic sectors.

Figure 27. Historical series: Job creation trends by employment type from
2014 to 2024.
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Over the past decade, job growth in the Spanish photovoltaic sec-
tor has been strong and consistent, marked by key events that
have significantly boosted job creation. The removal of the sun
tax in 2018, for instance, immediately energised the sector, while
the introduction of auctions and new administrative milestones
in 2020 reinforced confidence and long-term planning. Although

2022 saw a historic high in total employment, the figures

e |10VE réMained high and stable, indicating the sector’s

SINCE 2018, EMPLOYMENT IN THE CoOnsolidation.
PHOTOVOLTAIC SECTOR HAS GROWN

BY 400%, REACHING 146,764 JOBS IN

2024.

Since 2018, the industry has increased its workforce al-

most fivefold, from 29,307 to the current 146,764. This
dramatic increase underscores the strategic importance
of photovoltaics not only as an essential technology for energy
transition and industrialisation, but also as a catalyst for creating
high-quality jobs, particularly boosting economic revitalisation
in rural areas and generating opportunities throughout the value
chain.
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Figure 28. Direct employment in the photovoltaic sector from 2014 to 2024.
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Since the last turning point in 2020, direct employment in the pho-
tovoltaic sector has almost doubled, increasing from 17,568 to
over 35,105 jobs by 2024. After surpassing the 30,000 direct
jobs mark for the first time in 2022, growth has slowed, with an
increase of about 12% from 2022 to 2023 and remaining nearly
unchanged in 2024, indicating a stabilisation at peak levels.

From 2014 to 2018, the expansion of new photovoltaic capaci-
ty in Spain was minimal, with only slight annual increases in both
ground-mounted systems and self-consumption installations. A
significant shift occurred in 2019 when ground-mounted systems
added 4,002 MW in just one year, nearly 50 times the growth
rate of 2018, which pushed the national total to 9,694 MW. Since
then, the growth has been steady, with ground-mounted sys-
tems making significant contributions. In 2024, they added an-
other 6,039 MW, bringing the cumulative total to 40,294 MW.
This development has firmly established photovoltaic technology
as the leading source of installed capacity within Spain's electricity
system.

Figure 29. Annual installed capacity between 2014 and 2024 (MW)
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Although self-consumption has lower absolute volumes, its sig-
nificance has been growing. Since 2014, it has expanded contin-
uously, reaching a peak in 2022 with 2,507 MW installed. This
growth then slowed, with 1,706 MW added in 2023 and 1,182 MW

in 2024. The decline is largely a result of the market sta-

I———— bilising after previous years' high electricity prices and

TOTAL

2024.

INSTALLED ~ PHOTOVOLTAIC  public subsidies drove rapid growth. Despite this decel-
CAPACITY REACHED 40,294 MW IN

eration, self-consumption and energy communities are

key to decentralising energy generation and fostering
public engagement in the energy transition.

Figure 30. Generation structure by technology in 2014 and 2024 (GWh).

Structure oflgeneratlon by Structure of generation by
technology in 2014 (GWh) technology in 2024 (GWh)
Solar thermal Other renewables Other renewables  Non-renewable waste
2% 1% Cogeneration Solar thermal 1% 1% Cogeneration
2% 5% 2% 6%
So\gr Hydroelectric
photovoltaic 13%
Wind

Hydroelectric 17%,

19% 15%

Pump
turbine 1% Nuclear
Combined 20%
cycle
9% Wind
23%
Nuclear

21%

Coal
1%
Diesel
engines 1%

Diesel engines
1%

Coal Combined
16% cycle 14%

Source: REE

From 2014 to 2024, Spain's electricity mix has undergone a sig-
nificant transformation. Coal generation has almost vanished,
dropping from 43,246 GWh to just 3,030 Gwh — a 93% decline
— and is set to be entirely phased out by 2025 with the closure
of the last coal-fired power stations. Meanwhile, solar photovol-
taic output has surged more than fivefold, rising from 8,208
GWh to 44,520 GWh, making it the third largest contributor to
the system. Wind power has increased by 19%, and hydroelectric
power by 26%, despite its inherent variability. Nuclear energy has
remained mostly stable, showing a slight decline, while combined

Figure 31. Increase in Spanish photovoltaic self-consumption installations
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Since 2018, the growth of photovoltaic energy in Spain has largely
been driven by ground-mounted installations. Although self-con-
sumption has had a smaller absolute impact, it has become more
important as a form of distributed generation. In 2018, self-con-
sumption accounted for only a small portion of new photovol-
taic capacity, but by 2022, it represented nearly a third of the
installed capacity that year.

By 2024, the total capacity from self-consumption still falls
short of the 19 GW target for 2030 set by the National Integrat-
ed Energy and Climate Plan (PNIEC). Reaching this target would

require almost doubling the average annual installation
rate of the past two years. To meet this challenge, strat-
egies need to be revised to speed up deployment. This
includes bolstering support for sectors with high poten-
tial —such as industry, energy communities, and projects
with storage capabilities — and eliminating administrative
hurdles that continue to impede expansion.

TO MEET THE 19 GW SELF-CONSUMP-
TION TARGET BY 2030, AS OUTLINED
BY THE NATIONAL INTEGRATED ENER-
GY AND CLIMATE PLAN (PNIEC), THE
ANNUAL INSTALLATION RATE OF THE
PAST TWO YEARS MUST DOUBLE.

I ——
FROM 2014 TO 2024, PHOTOVOLTA-

IC GENERATION IN SPAIN EXPANDED
FIVEFOLD, REACHING 44,520 GWH

cycle power continues to serve as an effective backup.
These shifts have boosted the share of renewables in
the energy mix from around 37% in 2014 to over 50% in
2024, cementing the progress towards a more decarbon-

ised electricity system.
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In 2024, the trade balance of Spain's photovoltaic sector remained
positive, with exports contributing a total economic impact of
€3.71 billion to GDP, a figure that is very close to the €3.973
billion recorded in 2023. While this marks a slight dip from the re-
cord high of €4.167 billion in 2022, it still ranks among the highest
levels on record, underscoring the sector's robust presence in
international markets.
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Figure 32. Economic impact (GDP) of exports in the Spanish photovoltaic sec-
tor in millions of euros.
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The indirect component remains the most substantial,

I gmounting to €2.116 billion in 2024, which constitutes
SINCE 2017, THE SECTOR'S EXPORTS  B57% of the total impact. This highlights the value chain's

HAVE GENERATED MORE THAN €241

BILLION.

significance and the sector's ability to stimulate econom-
ic activity across other areas. Since 2017, exports have

collectively contributed more than €24.1 billion to the

trade balance in GDP terms, with over half stemming
from this indirect influence. Over the past decade, the sector has
shown impressive resilience and a swift recovery capability,
even during uncertain times like the Covid-19 crisis, solidifying its
role as a key driver of external competitiveness.

Photovoltaic solar energy has become a cornerstone of the ener-
gy transition, thanks to its ability to both generate emission-free
electricity and replace fossil fuels in the energy mix. In 2024, this
contribution helped avoid 17.7 million tonnes of CO; equivalent,
comparable to replacing power generated by combined cycle
gas turbines. This marks a 20% increase over 2023, extending the
growth trend that began in 2018.

In addition to its daily operations, photovoltaics boasts a highly
favourable environmental profile when considering its entire
life cycle. The carbon emissions from panel manufacturing are
offset within just 6 to 9 months of operation, while the panels’
average lifespan of 25 to 30 years significantly enhances their
overall positive impact on emissions reduction.

To maximise this benefit, it is crucial to increase photovoltaic
contributions beyond peak sunlight hours. This requires deploy-
ing storage systems that can capture excess energy and release
it back into the grid during periods of high demand. Concurrently,

NATIONAL FRAMEWORK

electrifying industry and other energy-intensive sectors """

will help to structurally cut emissions, boost competitive- N 2024, PHOTOVOLTAICS PREVENT-

ness, and enhance energy security against global crises.

ED 17.7 MTCO, EQUIVALENT, A 20% IN-
CREASE OVER 2023, BY REPLACING

COMBINED CYCLE GENERATION

Figure 33. DIRECT COZ2 emissions avoided (cumulative Mte)
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As photovoltaics solidifies its position as the leading renewable
technology in the electricity system and becomes increasingly
central to the national energy mix, integrating large-scale stor-
age, particularly in hybrid ground-mounted plants, becomes cru-
cial. Effectively managing surplus energy and shifting solar power
to periods of high demand will be key to ensuring system stability
and maximising the profitability of installations.

Meanwhile, self-consumption, which saw a remarkable surge in
2022, is beginning to slow in 2023 and 2024. Keeping up its mo-
mentum will require policies that encourage both domestic and in-
dustrial investment, streamline administrative processes, and sup-
port integration with storage and energy communities. The pace
of electrifying the economy, especially in sectors like industry and
heavy transport, is slower than desired, which limits the absorp-
tion of new renewable capacity and hinders a more substantial
reduction in emissions.

On the international front, the sector faces a more complicated
trading environment, with protectionist and tariff measures po-
tentially impacting the competitiveness of European and nation-
al industries. To address these challenges, it is vital to diversify
supply chains and bolster domestic production capabilities to
minimise vulnerabilities and ensure consistent growth.
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While photovoltaics is now the most installed generation technol-
ogy globally and nationally, for its expansion to genuinely reduce
emissions and enhance energy independence, it is crucial to pro-
mote electrification in end-use sectors — such as industry, trans-
port, and climate control. This will enable new renewable genera-
tion to effectively replace fossil fuels, making the most of installed
capacity and furthering the transition to a cleaner and more effi-
cient energy system.
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STORAGE

4.1. CONTEXT

In 2024, energy storage remains crucial for advancing renewa-
ble energy deployment. It enhances the management, flexibility,
and stability of renewable generation across large-scale, residen-
tial, commercial, and industrial sectors.

Large-scale storage is vital for the energy transition. When inte-
grated into photovoltaic plants through hybrid systems, it allows
for the production and storage of low-cost energy while pro-
viding flexibility. This approach addresses the duck curve issue,
reduces price volatility, aligns production with demand hours,
and minimises excess energy waste. This flexibility not only im-
proves renewable energy use but also stabilises market prices
and decreases reliance on backup power plants.

In addition, storage can offer a variety of services to the electricity
system, with diverse applications that bring multiple benefits, and
it can also be used in a standalone mode. It contributes to sys-
tem balancing by providing primary, secondary, and tertiary reg-
ulation, as well as voltage control and deviation management.
These services offer an additional revenue stream, enhancing the
profitability of these systems. Storage systems also play a vital
role in maintaining grid stability, providing synthetic inertia and
black start capability during blackouts. These features are increas-
ingly important as traditional synchronous generators are phased

out.
I

h ¢ . STORAGE CAN ENHANCE GRID STABIL-
The advantages of storage can be extended to residen- |1y By PROVIDING SYNTHETIC INERTIA

tial, commercial, and industrial self-consumption, giving  AND BLACK START CAPABILITIES DUR-
consumers more control over their energy use and re- NG POWER OUTAGES.
ducing electricity bills.

4.1.1. Growing interest in safety

As the development of storage facilities expands, there have been
improvements in both regulations and safety systems.

Besides the mandatory regulations in Spain focusing on fire pro-
tection and electrical installations, international standards are
emerging for the safety, performance, and testing of batteries
and electrical equipment. Notable examples include IEC 62133, IEC
62619, UL 9540A, and NFPA 855.

Alongside these regulatory developments, advancements in safe-
ty systems are crucial to support their implementation. Prevention
and extinguishing systems are organised at various levels: cell,
module, pack, rack or container controller, and plant controller.
These levels are outlined generally below.
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At the pack level, the system monitors each cell's voltage in re-
al-time with millivolt precision and tracks the temperature across
the entire cell pack using NTC probes.

At the next tier, a Battery Management Unit (BMU) manages the
signals from each pack within the rack. This control system can
disconnect the rack electrically from the rest of the system if it
detects any issues or anomalies.

At the container level, a Battery Management System (BMS)
oversees all the information from the BMU units in each rack and
relays it to the plant's other equipment, including inverters and the
plant controller. This system can disconnect each rack if the op-
erating parameters go out of range or if the charge state across
racks is uneven.

The top tier is the Energy Management System (EMS), a hard-
ware and software platform that coordinates the entire storage
plant. It manages interactions with the grid for service planning
and synchronises all internal equipment. It also oversees the Pow-
er Conversion System (PCS) and can halt operations or discon-
nect individual equipment if it detects abnormal signals.

The plant is also equipped with an Uninterruptible Power Supply
(UPS), which provides limited autonomy during a grid failure, al-
lowing monitoring to continue even if there is a power loss.

Figure 34: Internal components of a battery
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These measures will ensure the safe and sustainable development
of energy storage projects.

STORAGE

In 2024, battery prices saw their largest annual decline since 2017.
The cost of lithium-ion battery packs dropped by 20% from 2023,
hitting a record low of $115/kWh.2. Several factors contribut-
ed to this decrease: overcapacity in cell production, economies
of scale, low prices for metals and components, a shift towards
cheaper lithium iron phosphate (LFP) batteries, and a slowdown
in the growth of electric vehicle sales. This year's drop in battery
cell prices outpaced the decrease in battery metal prices, indi-
cating pressure on manufacturers' profit margins. The $115/kWh
figure represents a global average, with significant price variations
across different countries and application areas.

Over the past two years, battery manufacturers have Sig- ST S ———
nificantly increased their production capacity, anticipating |y 2024, THE PRICE OF LITHIUM-ION
a rise in demand from the electric vehicle and stationary  BATTERY PACKS DROPPED BY 20%,
storage sectors. Currently, production capacity stands at REACHING A RECORD LOW OF $115/

3.1TWh globally, which is equivalent to 2.5 times the de- KwH

mand in 2024.

Figure 35: Breakdown of the weighted average price by cell volume and lithi-
um-ion battery pack
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Source: BloombergNEF. Note: Historical prices have been updated to reflect actual 2024 dollars. The

weighted average value of the survey includes 343 data points for passenger cars, buses, commercial
vehicles and stationary storage systems.

Regionally, battery pack prices were lowest in China at $94/kWh.
In the US and Europe, prices were 31% and 48% higher, respec-
tively, due to the relative immaturity of these markets, higher pro-
duction costs, and lower volumes.

2 According to data reported by BloombergNEF (BNEF)
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However, annual growth slowed considerably in 2024 to 15%,
after nearly doubling on average in previous years (with 145% in
2022). This slowdown was expected since the surge from 2021 to

In 2024, the deployment of grid-connected energy storage sys-
tems (BESS) increased by 53% year-on-year, reaching 205 GWh
installed globally, surpassing expectations. Over 160 GWh of this
total came from grid-scale systems, with 98% being lithium-ion.

The global grid-connected BESS market expanded by

2023 was primarily driven by the residential segment in response

to high electricity prices.

In 2024, with electricity prices stabilising, the withdrawal
of key subsidies, and a cooling residential solar market,
demand for home batteries dropped by 11%.

I ——
IN THE EU-27, 185 GWH WERE IN-

STALLED, ACCOUNTING FOR 85% OF
EUROPE’S TOTAL

I ——
GRID-CONNECTED BESS SYSTEMS

SAW A 53% INCREASE GLOBALLY IN
2024, WITH 205 GWH INSTALLED.

68%, rising from 96 GWh to 160 GWh. China accounted
for 67% of these deployments, driven by provincial man-
dates and record-low prices for cells and systems. The
US and Canada were second with around 40 GWh, half of
which were installed in California. In Europe, Latin Ameri-
ca, and the Asia-Pacific region (excluding China), installa-

tions doubled.

Seventeen large-scale projects with more than 1 GWh capacity

Despite this, the residential sector remained the largest, with
nearly 11 GWh installed, though it lost ground to the utility-scale
sector, which grew by 79% to nearly 9 GWh, marking a pivotal
moment for large-scale storage in Europe.

The commercial and industrial (C&l) segment also expanded,
but at a slower pace of 17%, reaching 2.2 GWh, limited by lower
electricity prices, reduced support, and minimal flexibility reve-

were commissioned: 11in China, 5 in the US, and 1in Saudi Arabia.
In 2023, only 4 projects exceeded this capacity.

More than 40 GWh were added in the off-grid segment, large-
ly in residential and commercial and industrial (C&l) markets. In
Europe, the residential market stabilised due to electricity prices
and subsidy reductions, while in China, behind-the-meter storage
drives 39% of the C&l segment.

nues.

In terms of market share, the residential segment decreased
from approximately 64% in 2023 to around 50% in 2024. The util-
ity-scale share increased from roughly 26% to 40%, while C&l re-

mained stable at about 10%.

Overall, 2024 marked a turning point for energy storage in Eu-
rope. Growth slowed, with the residential market receding, but
this was balanced by strong momentum in the utility-scale sector,
indicating a structural shift in the industry's dynamics.

Figure 37: Annual share by segment of BESS in Europe (2020-2024)

In 2024, Europe installed 21.9 GWh of battery energy storage
systems (BESS), marking a decade of record-breaking growth.
The EU-27 accounted for 18.5 GWh of this, representing 85% of
the European total.

Figure 36: Annual BESS capacity in Europe (2015-2024)
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Total battery storage capacity in Europe is still growing rapidly,
but 2024 marked a significant change: a shift from the domi-
nance of residential installations to a greater focus on large-
scale batteries.

BESS CAPACITY IN EUROPE SUR-
PASSED 60 GWH IN 2024, A 56% RISE
FROM 2023 AND 200 TIMES MORE
THAN IN 2015.

By the end of 2024, Europe's installed BESS capacity had
surpassed 60 GWh, a 56% increase from 2023. Over the
past decade, capacity has increased 200 times, from just

300 MWh in 2015 to more than 60 GWh in 2024.

The European Union views energy storage, particularly through
batteries, as crucial for the energy transition. It facilitates the in-
tegration of renewables, enhances energy security, reduces reli-
ance on fossil fuels, offers network services, and improves system
flexibility.

Key European regulations and plans include:

= - The Renewable Energy Directive (RED lll) , which mandates
that Member States integrate flexibility, including storage, into
their systems. It also raises the renewable energy target to
42.5% by 2030 and calls for the removal of barriers to stor-
age.

= - The Regulation on the design of the electricity market, , ap-
proved in April 2024, introduces reforms to support flexibility
and storage. This includes contracts for differences open to
hybrid systems, incentives for investment in storage, national
flexibility needs assessments, and the promotion of capacity
markets, among other measures.

= The European Commission's flexibility package, currently un-
der development, aims to coordinate national strategies, es-
tablish country-specific storage targets, implement measures
against double pricing, and eliminate obstacles. Although not
yet formally adopted, the European Commission started work
in 2024 on an EU Energy Storage Action Plan.

= The 2023 Battery Regulation sets standards for environmen-
tal, safety, and recycling requirements and introduces criteria
for carbon footprint, recycled content, and digital labelling.

Despite these advances, some barriers remain that European reg-
ulations have yet to adequately address, such as the lack of reg-
ulatory harmonisation and the absence of a specific, coordinated
plan for the widespread deployment of storage.

STORAGE

Behind-the-meter (BTM) storage systems are battery installa-
tions located in homes, businesses, or industries, connected on
the consumer side rather than to the central grid. Their primary
purpose is to store locally generated energy, such as that from
solar panels, or to charge from the grid during off-peak hours for
use when energy is more costly or less available. BTM storage re-
duces reliance on the grid, enhances self-consumption, lowers
electricity costs, and supports overall system stability.

Figure 38. Storage installed in 2024
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(*) Does not include off-the-grid Source: UNEF (C&l: Commercial and industrial)

According to UNEF's annual internal studies, 327 MWh of new
BTM storage was installed in 2024, bringing the cumulative total
to 2,205 MWh since 2022. This represents a 34% drop compared
to 2023, when 495 MWh was installed, indicating a slowdown in
installation rates. This reduction mirrors the trend seen in self-con-
sumption installations.

In 2024, 26% of new grid-connected residential self-con-
sumption setups included batteries, amounting to a ca-

IN2024,327 MWH OF BEHIND-THE-ME-
TER STORAGE WAS ADDED, BRINGING

pacity of 110 Mwh. Additionally, there is increasing interest THE CUMULATIVE TOTAL TO 2,205

in BTM storage within the commercial and industrial sec- MWH SINCE 2022.

tors.
Figure 39. Behind-the-meter storage installed in 2024
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After analysing the data and the observed decline, measures
are still being pushed to promote savings in self-consumption
facilities. This includes exempting facilities that inject less than

15kW from processing, simplifying procedures for up to

meesssssseeeeesssssssssmn . 000KV installations, and developing the role of the inde-
26% OF NEW RESIDENTIAL SELF-CON-  pendent aggregator to facilitate the participation of be-

SUMPTION INSTALLATIONS CONNECT-  hind-the-meter storage in all markets.
ED TO THE GRID IN 2024 INCLUDED

STORAGE SYSTEMS

Additionally, distributed storage, which is not necessar-
ily linked to generation, is being given importance. It is
explicitly included in the regulations and is to be treated as equiv-
alent to self-consumption, aligning with proposals developed by
UNEF.

Large-scale energy storage is crucial for maintaining the securi-
ty, flexibility, and resilience of the electricity system as renewa-
ble energy sources become more prevalent. Hybrid solutions that
combine storage with solar plants help optimise renewable out-
put, minimise waste, and ensure a more stable and predictable
supply. Meanwhile, stand-alone facilities, which are connected di-
rectly to the grid without any associated generation, provide vital
services such as frequency balancing, managing peak demand,
and maintaining strategic reserves. Both approaches complement
each other and are vital for integrating more renewable sources,
reducing emissions, and ensuring that the energy system remains
reliable, efficient, and sustainable.

Despite the limited number of storage facilities operating by the
end of 2024 (11 MW in the distribution network), data from Red
Eléctrica de Espafia (REE) regarding access and connection re-
quests indicates a growing interest in deploying storage facilities.

At the time of the latest report's publication, there were applica-
tions for 8,318 MW of storage capacity in distribution networks,
with 4,298 MW already granted access and connection permits,
meaning they have passed technical evaluations and been ac-
cepted by the system operator. For the transmission network,
applications totalled 10,763 MW, with 7,456 MW approved.

Twelve months later, access and connection capacity for storage
facilities has increased to 9,531 MW with permits granted, and
16,564 MW with permits pending.

STORAGE

One major obstacle to deploying large-scale storage is the ad-
ministrative barriers within the process. Although these issues
began to be identified in 2023, by 2024 there remains legal uncer-
tainty and an unclear regulatory framework for storage systems.

Notable among these barriers are the change of the responsible
authority and the need to restart the process for hybridisation pro-
jects. In the first case, adding storage modules that increase the
total power above 50 MW transfers jurisdiction from the regional
government to the Ministry. This shift requires starting the proce-
dure anew and poses a risk of missing administrative deadlines.
In the second case, the entire process must be restarted—regard-
less of the power—if storage modules are added before obtaining
the Administrative Construction Authorisation (AAC) or even the
Operating Authorisation (AAE). This interpretation stems from a
narrow reading of Article 115 of Royal Decree 1955/2000, which
deems the inclusion of storage a substantial modification.

In the environmental domain, a key barrier to hybridisation is the
demand for a new environmental assessment of projects that
have already completed this step for the generation component.
This duplication of procedures considerably extends processing
times, even when no significant additional impacts are introduced.

A significant barrier for stand-alone installations is the absence of
explicit provisions for applying for a declaration of public utility for
evacuation lines. Additionally, issues have arisen concerning land
use, stemming from municipal regulations and the lack of regional
or state-level guidelines. This has led some municipalities to make
land-use decisions without adequate understanding of the tech-
nology involved.

The viability of storage systems relies on a revenue stacking
model, which allows them to diversify and capture income from
multiple markets. Ensuring these markets are compatible with
each other and allowing access to diverse revenue streams will
be crucial for their development. While storage systems already
participate in the daily, intraday, and balancing services markets,
the introduction of a capacity mechanism is one of the most antic-
ipated developments for 2024.

Although the outcome of the public hearing and information pro-
cess is not expected until 2025, 2024 marks the beginning of

STORAGE
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this process for the draft order establishing a capacity market
in the peninsular electricity system, aimed at supporting the se-
curity of electricity supply. This public consultation has been high-
ly anticipated within the sector, given the lack of updates since
the first draft was announced in 2021. It signifies a significant step
forward in integrating storage systems into the electricity market
and enhancing their profitability.

The capacity mechanism is a vital tool in electricity markets, de-
signed to ensure the security of energy supply, particularly in sce-
narios with high penetration of renewable energy. Without imple-
menting a capacity mechanism, the peninsular electricity system
is expected to encounter stress situations and coverage issues as
it struggles to meet projected demand across various timeframes.
This mechanism guarantees that there are adequate resources to
meet electricity demand during critical times, including consump-
tion peaks and periods of low renewable generation.

Over the past three years, the sector has received signals sug-
gesting that the activation of the capacity market is imminent. In
November 2023, the system operator published the National Re-
source Adequacy Analyses (NRAA), which complement the 2022
European Resource Adequacy Assessment (ERAA). Both reports
highlight coverage risks, reinforcing the necessity of implementing
the newly approved capacity mechanism.

eeeseeeeeeeeeeesesmmnON€ Of the main unresolved issues is how the capacity
IN 2024, THE CAPACITY MECHANISM, Mechanism will operate for the participating contractors.
CRUCIAL FOR MAKING STORAGE VIA- The mechanism requires participants—such as energy
BLE, WAS OPENED FOR PUBLIC CON- sroducers, storage facility owners, consumers, and de-

SULTATION

mand aggregators—to offer reliable capacity to ensure
system coverage. However, questions remain about the
management of activations: how far in advance will sys-
tem stress situations be identified, and when will contracted as-
sets be alerted to provide the committed capacity. There is also
uncertainty about how the capacity mechanism will interact with
other balancing markets, such as secondary regulation and re-
placement reserve (RR).

Another concern for the photovoltaic sector is the involvement
of non-renewable emission technologies in these auctions. An
emissions limit is set for bidders, which might allow combined cy-
cle plants and other non-renewable technologies to win. This is
compounded by uncertainty around hybridisation with storage
systems, as it is unclear how emissions will be calculated when
batteries are charged from the grid.

STORAGE

Although there are questions surrounding the capacity mecha-
nism, the sector eagerly anticipates this process. It brings hope
for the advancement of storage systems, and UNEF will closely
monitor its progress.

One of UNEF's key initiatives to promote sustainable and safe
storage development is the introduction of the UNEF Storage
Seal of Excellence.

This certification serves as a societal assurance, aiming to foster
good practices and counter misinformation about energy storage.
Derived from the UNEF Sustainability Seal and specifically adapt-
ed for this technology, it has been developed in collaboration with
experts across the entire value chain.

The criteria are categorised into five areas: socio-economic im-
pact, environmental impact, industrial safety, governance, and cir-
cular economy. Among other standards, they outline best practic-
es for minimising landscape and noise impact, engaging with local
stakeholders early on, and ensuring fire protection.

Public grants for energy storage have been crucial in promoting
this technology and establishing it as a key component of the en-
ergy transition.

These grants make more projects viable by reducing investment
costs, overcoming financial barriers, and providing certainty to de-
velopers and industries. They also drive technological innovation,
boost domestic battery manufacturing, and help integrate re-
newable energy, thereby enhancing energy security and stabilis-
ing the electricity system.

In 2024, significant progress was made with the conclu-

I ——
THE PERTE ERHA INITIATIVE FOR

sion of the grant call for innovative stand-alone electricity

storage projects under the PERTE ERHA, funded by Nex- STAND-ALONE
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tGenerationEU, which allocated a budget of €150 million. | AUNCHED IN 2024

WAS

This resulted in awards for a total of 45 projects across
different autonomous communities, amounting to nearly
780 MW of capacity.

UNEF has been heavily involved in extending the implementation
deadlines beyond April 2026, working with both IDAE and Euro-
pean bodies to ensure these innovative projects are successfully
completed and receive the necessary support.

STORAGE
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Renewable hydrogen plays a crucial role in the energy transition
by enabling the decarbonisation of sectors that are hard to elec-
trify, such as heavy industry and maritime transport. It also allows
for the seasonal storage of large volumes of renewable energy.

For the photovoltaic sector, hydrogen presents a strategic op-
portunity. Surplus solar generation can be used to produce hy-
drogen through electrolysis, turning energy that would otherwise
be fed into the grid at low or zero prices into a valuable asset. This
helps stabilise revenues and diversify markets. Promoting green
hydrogen also strengthens the local value chain, bolsters national
industry, creates skilled jobs, and reinforces Spain's leadership in
the renewable energy sector.

In recent years, renewable hydrogen has become one of the pri-
mary drivers for decarbonising the European and global economy.
The European Union views this energy source as crucial for reduc-
ing emissions in sectors that are hard to electrify, such as heavy
industry and maritime and air transport, while also utilising surplus
solar and wind energy production. Within this context, the Euro-
pean Green Deal and the REPowerEU plans have made green hy-
drogen a focal point of their energy strategy. They aim to achieve
at least 10 million tonnes of domestic renewable hydrogen pro-
duction annually by 2030, with an additional 10 million tonnes to
be imported from other countries.

Internationally, major powers such as the United States,
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Japan, South Korea, and Australia have launched ambi- 2024, THERE WERE OVER 1,000 AC-

tious national strategies with clear targets for deploying  TIVE GREEN HYDROGEN PROJECTS
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electrolysers and distribution networks. By 2024, there  WORLDWIDE

were over 1,000 active green hydrogen projects world-

wide, with a projected electrolysis capacity exceeding 150 GW by
2030, according to the International Energy Agency (IEA) and the
Hydrogen Council. While the pace of implementation has been
slower than initially planned, there has been a noticeable acceler-
ation in projects reaching the final stages of development and
construction. This progress is driven by clearer regulatory frame-
works and increased public investment commitments.
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THE HY2TECH AND HY2USE IPCEIS
HAVE LEVERAGED MORE THAN €18

Table 11: Projects selected in the first auction of the European Hydrogen Bank

Volume Capacity Projected

offered offered GHG Offered price
Project Coordinator Country (kt_H2/ 10 (MWe_ avoidance (EUR/L? )
- Mega watts  (kt_CO2/10 9
years) .
electric) years)
eNRG Lahti  NordicRen- i ond 122 90 836 037
Gas Oy
El Alamillo H2 _Benbros Spain 65 60 443 0238
Energy S.L.
Grey2Green-ll Pe;rzga' Portugal 216 200 1477 039
HYSENCIA Angus Spain 17 35 15 0.48
SKIGA Skiga Norway 169 n7 159 0.48
Catalina Rengto Pix Spain 480 500 3284 0.48
Holdco
MP2X Madoquapo 5o 4 g 51 500 3494 0.48
wer 2x

Source: European Commission

For the European Union, a significant milestone was the launch of
the European Hydrogen Bank in 2023. This tool is designed to
bridge the cost gap between renewable and fossil-based hydro-
gen. In April 2024, the first pilot auction allocated €720 million
to seven projects, aiming for a total production volume of 1.58
million tonnes over ten years, with subsidised prices reaching up
to €4.50/kg. Notably, three Spanish projects received over €263
million, reinforcing Spain's status as a European leader in this tran-
sition.

This initiative is further supported by the IPCEI (Important Projects
of Common European Interest) programmes, which permit the
granting of state aid for strategic and transnational projects. In to-
tal, the two major IPCEl initiatives—Hy2Tech (focused on technol-
ogy and innovation) and Hy2Use (focused on infrastructure and
industrial applications)—have mobilised over €18 billion in both
public and private investment, supporting more than 50 industrial
projects across Europe. These initiatives, along with associated
national programmes, are driving the deployment of large-scale
electrolysers, hydrogen transmission infrastructure, and produc-
tion centres connected to industrial hubs.

The drive for renewable hydrogen at both the European
and international levels is well underway, with hundreds
of projects in the design or construction phase, a robust

BILLION IN INVESTMENTS AND sup- network of public funding, and a regulatory framework
PORTED OVER 50 INDUSTRIAL PRO-  progressing towards harmonisation and the recognition

JECTS ACROSS EUROPE

of guarantees of origin. The current challenge is to ac-

celerate implementation, reduce costs, and establish a
competitive common market that enables cross-border

STORAGE

exchange and integrates hydrogen effectively into the future en-
ergy mix.

A key area of national progress in hydrogen involves the develop-
ment of infrastructure and networks.

In 2024, Spain's hydrogen transmission network expanded by 2,600
km, representing 12% of the new 21,000 km developed across Eu-
rope. This positions Spain as a leading force in green hydrogen in
Europe.

The H2Med corridor project is a significant transnational initiative
involving Portugal, Spain, France, and Germany, aiming to connect
the Iberian Peninsula's hydrogen networks with those of north-west-
ern Europe. Spain and Portugal have developed two sections of a
248 km hydroduct project linking Portugal and Zamora, with a ca-
pacity of 0.75 million tonnes per year. Additionally, construction has
progressed on an underwater pipeline connecting Barcelona and
Marseille, with a capacity of 2 million tonnes per year.

Nationally, the hydrogen valleys are notable integrated territorial
initiatives that support the coordinated growth of the entire renew-
able hydrogen value chain within specific regions. Hydrogen eco-
systems integrate production via electrolysis powered by renewa-
ble energy, alongside storage, distribution, and diverse end uses in
sectors like industry, transportation, and electricity generation.

These initiatives foster cooperation between producers and con-
sumers, reduce costs through economies of scale, and enable the
sharing of capital-intensive infrastructure—such as high-capacity
electrolysers, local distribution networks, and refuelling stations.
They also stimulate local demand in the sector's early development
phases.

In Spain, hydrogen valleys play a crucial role in the 2020 Hydro-
gen Roadmap and the Strategic Projects for Economic Recovery
and Transformation (PERTE) for Renewable Energy, Renewable

2025 UNEF ANNUAL REPORT

SPAIN EXPANDED ITS HYDROGEN
NETWORK BY 2,600 KM IN 2024, AC-
COUNTING FOR 12% OF THE TOTAL IN

EUROPE
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Hydrogen, and Storage (PERTE ERHA). Significant progress has
been made in 2024.

Figure 40: Main hydrogen valleys in Spain
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The Government, in coordination with the European Union, has
allocated over €1.2 billion in direct funding to advance hydro-
gen valleys and large-scale projects. As part of the IPCEI Hy2Use
initiative (July 2024), seven major projects, with a combined elec-
trolysis capacity of 652 MW, have been approved across five key
regions: Andalusia, the Basque Country, Asturias, Castile-La Man-
cha, and Murcia. In 2024, Galicia announced a hydrogen valley
in A Corufia, involving an investment of €170 million to produce
renewable hydrogen and supply industries at the port and the A
Grela industrial estate.

IN 2024, SEVEN PROJECTS WITH AN
ELECTROLYSIS CAPACITY OF 652 MW
WERE APPROVED

Hydrogen valleys are a cornerstone of the Spanish and
European strategy to establish a competitive renewable
hydrogen market. Beyond reducing emissions, they aim

to create skilled local jobs, attract private investment,
and enhance the country's energy independence. For the
photovoltaic sector and other renewable sources, these
valleys provide opportunities to monetise surplus energy, secure
stable electrolysis supply contracts, and diversify demand outside
the conventional electricity grid.

Currently, 361 renewable hydrogen projects? are in various stag-
es, from research to commercial deployment. Of these, 167 are
commercial projects, which together could achieve a total elec-
trolysis capacity of 23 GW if fully realised.

3 According to the database of the Spanish Renewable Hydrogen Association (AeH2)
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This chapter was prepared in collaboration with FOTOPLAT, the
Spanish Photovoltaic Technology Platform.

5.1. CURRENT STATE OF PHOTOVOLTAIC
TECHNOLOGIES

2025 UNEF ANNUAL REPORT

This section examines the current state of technOlOgi- —
cal development and the key trends in innovation within BY LATE 2024, MONOCRYSTALLINE

; : o ; SILICON TECHNOLOGIES DOMINATED
the photovoltaic solar energy sector, including its various THE GLOBAL PHOTOVOLTAIC MOD-

components and applications. ULE MARKET, HOLDING A 98% SHARE.

Photovoltaic cells: semiconductor materials

Crystalline silicon (c-Si) continues to be the leading material in
photovoltaic cell production. By the end of 2024, this technology
comprised nearly 94% of the global market, with other alternatives
contributing just 2%. Within this category, monocrystalline silicon
cells lead in efficiency, holding a record of 26.1% (see Figure 41),
a figure unchanged over the past seven years. Conversely, silicon
heterojunction (SHJ) cells have made significant advancements,
achieving 27.3% efficiency in 2024.

Cells based on perovskites have gained traction due to their
high efficiency — comparable to silicon — simplified manufactur-
ing processes, and considerably lower production costs, which
P H OTOVO I_TA | C support the development of more versatile modules. The cur-
rent laboratory record for a perovskite cell is 27% (see Figure 41).
Furthermore, pairing them with silicon cells in tandem configura-
| N D U S T RY tions allows for surpassing the theoretical Shockley-Queisser limit
of 33.7%, achieving an efficiency of 34.9% in 2024, according to
NREL data (see Figure 41). These tandem architectures not only
optimise energy conversion but also provide greater durability
compared to conventional silicon technologies, establishing per-

ovskites as one of the most promising materials for the next gen-
eration of modules.

Other emerging options include organic photovoltaic cells, noted
for their lightness, flexibility, and partial transparency, as well as
their simple manufacturing processes and lower costs, features
they share with thin-film technologies. Although their efficiency
has not yet reached that of crystalline silicon cells, significant ad-
vancements have been made, achieving 19.2% in laboratory set-
tings (see Figure 41).

PHOTOVOLTAIC INDUSTRY —l:.




_________________________________________|
PEROVSKITE CELLS ARE NOTABLE FOR

Figure 41. Laboratory efficiency trends of various photovoltaic cells.
Source: NREL
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Photovoltaic module manufacturing processes

In recent years, significant advances have been made in
photovoltaic module production processes, particularly in

THEIR POTENTIAL TO USHER IN A NEw  Cell interconnection, with innovations focused on enhanc-
GENERATION OF SOLAR MODULES ing energy efficiency and reducing costs. For crystalline

THAT ARE MORE EFFICIENT, VERSA-
TILE, AND COST-EFFECTIVE.

silicon modules, manufacturing follows a well-defined se-
quence:

100

1. Reduction, purification, and crystallisation of silicon.
Forming ingots.
Cutting the ingots into wafers.
Producing photovoltaic cells from these wafers.

o ks wN

Assembling the modules by integrating cells and complemen-
tary components.

Crystalline silicon remains the dominant material in the global
market. In 2024, the photovoltaic industry continued its robust
growth, with Asia—and China, in particular—serving as the cen-
tre of global production. Comparatively, the United States' market
share was around 2.2%. In 2023, the minimum price of modules
reached a historic low of €0.12/Wp, a result of capacity growth
significantly outpacing demand. This downward trend persisted in
2024, with prices dropping below €0.09/Wp.!

One of the most significant innovations is the PERC (Passivated
Emitter and Rear Contact) cell, which enhances the efficiency
of monocrystalline modules. This is achieved through a reflective
layer on the back that redirects initially unabsorbed light back to
the semiconductor. In 2025, manufacturers continued to invest in
new cell formats and upgraded PERC lines to optimise wafer de-
sign and increase efficiency, already achieving 23.8%. Projections
indicate that this technology could average 23.8% efficiency by
2027 and exceed 24% in the following decade 2.

1 Trends in photovoltaics applications 2024 (IEA), (2023 Results)
2 International Technology Roadmap for Photovoltaics (ITRPV), 2024 (2023 Results)

PHOTOVOLTAIC INDUSTRY

TOPCon (Tunnel Oxide Passivated Contacts) technology repre-
sents the natural evolution of PERC. It has the advantage of being
producible on the same production lines, which minimises indus-
trial conversion costs. Its efficiency potential is substantial, with
estimates reaching around 24.7% by 2035 (see Figure 42).

More advanced still are the modules with back-contact cells,
which avoid optical losses from front contacts by placing all elec-
trical connections on the rear side. Noteworthy variants include
all-back-contact and IBC (Interdigitated Back Contact) cells, which
employ interdigitated structures to improve charge collection.®

Tandem modules, which use double-junction cells based on het-
erojunctions or material combinations with different crystalline
structures, offer efficiencies far superior to conventional ones by
making fuller use of the solar spectrum. Each subcell is designed
to absorb specific wavelength ranges, enabling these modules to
comfortably surpass the theoretical Shockley-Queisser limit for
single-junction cells. This technology is poised to be a key focus
for the next generation of photovoltaic modules.
Figure 42. Module efficiency trends in mass production with different

technologies
Source: ITPRV, 2025

In recent years, bifacial photovoltaic modules have become in-
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Heterojunction n-type cells with monocrystalline silicon O Silicon-based tandem cells

creasingly significant in the market due to their ability to capture
solar radiation from both sides. This feature allows them to use
not only direct sunlight but also diffuse and ground-reflected ra-
diation, leading to increased electricity generation and greater
overall system efficiency. Additionally, this technology enables
more efficient use of space, particularly in large-scale plants.

According to the International Technology Roadmap for Photo-
voltaics (ITRPV), bifacial modules are expected to account for
around 66% of the global market share by 2025. Projections
suggest that this percentage could rise to 80% in the coming
years (see Figure 43).

3 https://www.pveducation.org/pvcdrom/manufacturing-si-cells/rear-contact-solar-cells
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Figure 43. Market share of mono and bifacial modules
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Solar trackers

Solar tracking systems enhance the efficiency of photo-

BIFACIAL MODULES STRENGTHENED . . ) L L
THEIR MARKET POSITION, CAPTURING N real time to follow the sun's position, thereby optimis-

66% OF THE MARKET BY 2025

voltaic plants by adjusting the orientation of the modules

ing the angle of incident radiation. This approach boosts

electricity generation by 10% to 20% in single-axis sys-
tems, with even greater benefits when paired with bifacial
modules. To operate continuously and stably, these systems need
to perform reliably across various environmental conditions and
under variable loads. A key advantage is their ability to maximise
energy production during times when the solar angle is low, such
as early morning and late afternoon.

There are two primary types of solar trackers:

= Single-axis trackers, which align the modules in an east-west
direction.

= Dual-axis trackers, which adjust both tilt and orientation based
on the time of year.

While dual-axis systems require a higher investment, they provide
additional efficiency benefits, particularly in regions with signifi-
cant seasonal variability.

This segment has grown notably alongside the global expansion
of photovoltaics. In 2024, single-axis systems captured about
90% of the tracker market. Nonetheless, dual-axis systems are
anticipated to become more prevalent in the coming years. Over
the last financial year, North America led the market with roughly
30% of the share, while Europe is poised for significant growth
between 2024 and 20304

Emerging trends focus on designs that enhance reliability and

4 https://www.precedenceresearch.com/solar-tracker-market
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performance by making more efficient use of materials, 1
thereby reducing costs and improving environmental im-  IN 2024, SINGLE-AXIS SYSTEMS MADE

pact based on life cycle analysis (LCA) criteria. Addition-
ally, the integration of intelligent control and operation

UP 90%
MARKET.

OF THE SOLAR TRACKER

systems, along with increased compatibility with bifacial
cells and other advanced technologies, is gaining traction.

Inverters

The latest generation of inverters from leading brands achieve ef-
ficiency levels exceeding 98%, making them crucial for maximis-
ing the performance of photovoltaic installations.

Inverters are classified into three main categories based on their
nominal power and application: central inverters, string inverters,
and microinverters. Currently, string inverters lead the market,
holding a 64% share, followed by central inverters at 34%, and
microinverters, which make up approximately 1% of the total. Ad-
ditionally, the market for AC/DC converters — used to optimise
power management at the module or string level — accounts for
about 5% of the overall inverter market.

Inverters: Grid Integration

A key technological challenge for photovoltaic inverters is their
effective integration into the electricity grid. Given the intermittent
and decentralised nature of photovoltaic generation, advanced
functionalities must be incorporated to ensure stable and secure
participation as these sources come to represent a majority share
of the energy mix. These functionalities focus primarily on the de-
sign and operation of inverters, which have advanced significantly
in recent years. Notable developments include:

Ability to withstand voltage dips: A voltage dip refers to a drop in
voltage of more than 10%, followed by rapid recovery. Most mod-
ern inverters are designed to handle these disturbances without
compromising plant stability or disconnecting from the grid.

Synthetic inertia generation: This functionality enables inverters
to contribute to the inertial behaviour of the electrical system by
mimicking the dynamic response traditionally provided by rotating
machines. It is crucial for maintaining stability in grids with a high
penetration of renewable energy.

Grid-forming technology: Grid-forming inverters not only inject
energy but can also establish and sustain an autonomous electri-
cal grid. Technically, such an inverter can generate system voltage,
provide short-circuit power, and contribute to inertia. It also allows
for the disconnection of loads during low-frequency events, ab-
sorbs harmonics, interharmonics, and imbalances, and prevents
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adverse interactions with other grid control elements.

——nverters with black-start capability: These inverters can
GRID-FORMING  TECHNOLOGY SIGNI- rastart the grid following a widespread power outage and

FIES A MAJOR MOVE TOWARDS AU-
TONOMOUS AND STABLE POWER
GRIDS.

are considered a more advanced feature than grid-form-
ing systems, as they enable autonomous recovery of sup-
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ply without external support.

The tariff war between China and the United States has expedited
the need to relocate strategic supply chains, highlighting the ur-
gency for Europe to develop its own industrial capabilities. In this
context, the Net-Zero Industry Act (NZIA) presents a significant
opportunity for Spain, which benefits from some of the lowest
electricity prices in Europe—a crucial factor for the local manufac-
turing of photovoltaic components, power electronics, and stor-
age systems.

The country boasts a strong industrial foundation in solar track-
ing systems, support structures, and plant design, with national
companies already leading the sector on an international scale.
This capability allows up to 65% of the costs of a photovoltaic
plant to be met with domestically sourced technology, position-
ing Spain to become a key driver in Europe's new renewable value
chain.

Figure 44: Spanish manufacturing companies in the photovoltaic value chain
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However, despite the presence of domestic companies manufac-
turing components in Spain, around 30% of the total cost — pri-
marily related to photovoltaic modules — still largely depends on
Asian production.

Figure 45: PV module production by region (% total MWp produced).
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Spain hosts one of the world's top ten inverter manufacturers®
and companies that are among the leading global producers of
solar tracking systems®. According to Wood Mackenzie's 2024 re-
port on the tracker market, Spanish companies are among the key
players in a sector that reached a record 111 GWdc shipped glob-
ally that year. Remarkably, these companies managed to achieve
international prominence without initially relying on a consolidated
domestic market, focusing primarily on exports to expand their
operations.

According to the EU Market Outlook for Solar Power 2024-2028
report published by SolarPower Europe, by 2024 Europe will have:

26.1 GW for solar polysilicon production.

0.2 GW for ingot production.

0.3 GW for wafer production.

2 GW for cell production.

12.6 GW for module production.

Polysilicon production is the strongest and most self-suf-
ficient segment of the European photovoltaic value chain,

o , , A\ STAGNATION IN WAFER PRODUCTION
benefiting from an established industrial infrastructure |5 [ IMITING EUROPE'S

and competitive supply in comparison to Asian markets.  SELF-SUFFICIENCY.

INDUSTRIAL

However, subsequent stages — particularly ingot cutting
and wafer manufacturing — have struggled, with pro-
duction levels stagnating since 2020. In this context, Spain has a
robust industrial base focused on high value-added components
such as inverters, solar tracking systems, and support structures,

5 https://www.cognitivemarketresearch.com/articles/which-are-the-top-manufacturing-companies-of-inverter-mar-
ket?utm
6 https://www.woodmac.com/reports/power-markets-global-solar-pv-tracker-market-share-report-2025-150382314/
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with leading companies on the international stage. Nevertheless,
Europe's limited capacity for producing wafers and cells has led to
a continued reliance on Asian imports, heightening the continent's
technological and geopolitical vulnerability.

Figure 46: Industrial PV capacities in Europe
Manufacturing capacity (GW)

Module 12.6
Cell 2.0

Ingot 0.2

Wafer 0.3

Polysilicon 26.1

Inverter 92.9

o 10 20 30 40 50 60 70 80 90 Valoe

Manufacturing capacity (GW) Salo Tech

Module 54

Cell6 Midsummer Solarstone
Ingot 1
Wafer 2

Polysilicon 1 Intelligente Solar

Inverter 15 Valoe @® Solitek
Ragg) Metsolar @ ® S PV
Dansk Solergi ApS

o 10 20 30 40 50 60 WSTECH

Hanplast
Sonnenstromfabrik
! ! Aleo Solar
@ Oxford PV

Production by company Fneravre HyET Solar &/ AEConversion Solarwatt

Bruk-Bet ® ® Xdiscs

Sol A @ VMeyer B
olarge leyer Burger
Issol 2 Heckert T

e  <=100 MW Solarnative ML system
= Soluxtec Agora Solar
® <=1GW Luxor Solar Ecosolifer @
Wacker . Azur Space
et Heliatek
@® <oGw Voitec Solar Refu @ Fronius
Kostal (fAxsun Steca/Kontron Solar
DAS Energy GmbH
. >10 GW/kt Megasol e Sonnenkraft-kioto
35 5wiss Soler Sol(tions iy Bisol o
S'Tile
Photowatt
Photowatt @) ® Heiiup. Eclipse ltalia
2CA SolarDay Peimar

Domi Eko Solar

Reden Solar el Fimer

Fonroche RECOM Technology

Ingeteam

BrI5ISun Sunerg Solar

Midsummer

Source: EU Market Outlook for Solar Power 2024-2028. Solar Power Europe

The outlook for the European module industry, broken down by
component, is as follows:

1. Solar Silicon Production: Wacker Chemie stands as the sole
polysilicon manufacturer within the EU, boasting a capacity of
60,000 metric tonnes in Germany, which translates to over 26
GW of cell/module products. REC Solar Norway ceased oper-
ations in November 2023, resulting in a loss of 8,500 tonnes of
production capacity and more than 100 jobs.

2. Silicon Ingot and Wafer Manufacturing: In 2023, module prices
in reporting countries dropped to around USD 0.14/W, an un-

PHOTOVOLTAIC INDUSTRY

3.

4,

precedented low. This price drop resulted directly from the large
manufacturing volumes that started in 2023, which exceeded the
market's capacity to absorb them. Prices continued to decrease
in 2024, falling below USD 0.10/W.

Solar Cell Production: The cell segment maintained its 2 GW ca-
pacity in 2024, with seven companies active, the same as the
previous year. Meyer Burger, Europe's largest photovoltaic cell
manufacturer with 1.4 GW of capacity, planned to relocate its cell
production from Germany to the US after shutting down its Euro-
pean photovoltaic module production in March 2024. However,
the company's recent restructuring put these plans on hold, so
Meyer Burger's current cell production facility in Thalheim, Ger-
many, will continue to be central to the company's solar cell sup-
ply. In a positive development, Enel 3Sun's ambitious project for a
3 GW module manufacturing plant with in-house cell capacity in
Catania, Sicily, is set to ramp up production in 2025. This follows
their initial 200 MW HJT cell/module line. Additionally, Dutch cell
and module manufacturer MCPV is advancing with its plans after
securing €4.2 million from the Dutch government to support the
construction of a 4 GW solar cell plant, with the first phase ex-
pected to start production in 2026.

Solar Module Manufacturing: The module segment has seen the
most changes in 2024. Module production in Europe decreased
from 14.6 GW in 2023 to 12.6 GW in 2024, with several compa-
nies closing or declaring bankruptcy this year. The closure of
Meyer Burger's 1.4 GW module production plant in spring 2024
had the biggest impact on this segment, as the company aimed
to prevent further losses in Europe. This move was counterbal-
anced by an expansion of production in the US. Before deciding
to close the Freiberg factory, Meyer Burger had plans to increase
annual production capacity to around 3 GW in Germany by the
end of 2024, which included an additional 1.4 GW of module pro-
duction capacity in Freiberg. Moreover, other European module
manufacturers like Solarwatt, Exasun, and Systovi were set to
cease operations in 2024. Despite humerous announcements in
2023 about new module production facilities expected to open in
2024, most of these projects have been shelved, postponed, or
are yet to come to fruition. As a result, only 300 MW of additional
production capacity was realised in 2024, out of the more than 4
GW initially promised. Among the new capacity, Heliup, a French
solar start-up specialising in lightweight modules for large roofs
in the commercial and industrial segment, established a 100 MW
production line in 2024 in Le Cheylas, France, to complement its
existing pilot line in Le Bourget du Lac, France.

Solar research and innovation in Europe is supported by a robust
network of specialised centres, including CENER in Spain, Fraunhofer
ISE in Germany, and CEA-INES in France. Spain boasts a top-tier R&D
ecosystem and industrial expertise in high-value-added components.
However, several module manufacturing initiatives have ceased op-
erations, rendering part of the infrastructure obsolete. Despite these
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challenges, Spain remains strategically positioned to revitalise its
photovoltaic value chain. This is thanks to the leadership of centres
like CENER, strong public-private partnerships, and the increasing
demand for European technology under the Net-Zero Industry Act.

Spain's significant industrial ecosystem spans sectors such as the
chemical industry, metallurgy, and glass manufacturing, all of which
possess the technical knowledge and production capacity necessary
to support most processes in the photovoltaic supply chain.

Among the most promising projects is a joint initiative between Fer-
roglobe and Aurinka, focused on producing enhanced metallurgical
grade silicon (EMGS). This effort is complemented by a photovolta-
ic module recycling plant in Puertollano, which can process 6,800
tonnes of discarded panels annually’. Aurinka also operates a mod-
ule factory with a capacity of 75 MW in the Community of Madrid?®.

In the module manufacturing space, notable initiatives include the
Escelco plant in Ledn, with an installed capacity of 70 MW per year,
and the BSQ Solar factories. Onyx Solar in Avila is also promi-
———  nent, specialising in Building-Integrated Photovoltaics (BIPV)
BASSAEFElé;UCARRUDc,l:\JA(E FT(i;FE CIONl\E;l;JLSETTFill[ﬁ(Ig solutions®. Another significant development is the forthcom-
TE PHOTETOrTAIC VALUBEHAIN. ing Exiom plvant in Asitunas, sejt to open in collaboration with
Iberdrola, with an initial capacity of 500 MW and a total ca-
pacity of 2.7 GW. Sunwafe has also unveiled ambitious plans
to manufacture wafers and cells in Spain, targeting a capacity of 20

GW by 2030, supported by European funding™®.

Finally, Spanish engineering, services, and consulting companies
related to solar energy play a strategic role in the sector's global
expansion. They transfer expertise to international markets and help
solidify Spain's position as a competitive industrial hub in the photo-
voltaic value chain.

In this context, Spain is well poised to become a major photovoltaic
industrial hub. To reach this goal, it is crucial to safeguard the exist-
ing industrial base, ensure a stable domestic market, and improve
access to tailored financing for local manufacturers.

Fully integrating the photovoltaic value chain requires a coordinat-
ed strategy. This strategy should position the industry as a central
pillar of technological and energy development in Europe, similar to

the model used for hydrogen. Boosting the European solar industry
should go hand in hand with policies that replicate the catalytic effect At Sungrow, we have been transforming the world with clean and sustainable power for 28 years.

Our mission has taken us to more than 180 countries. Join us and be part of the change.

CLEAN POWER FOR ALL

feed-in tariffs once had on the growth of renewable energy.

7 https://cadenaser.com/castillalamancha/2025/06/17/ferroglobe-instalara-una-planta-de-tratamiento-de-plantas-fo-
tovoltaicas-en-puertollano-ser-ciudad-real/

8 https://iea-pvps.org/wp-content/uploads/2024/12/IEA-PVPS-2023-National-Survey-Report-Spain.pdf

9 Idem

10 https://www.pv-tech.org/spain-launches-e100-million-renewables-recycling-aid-programme/
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Agrivoltaics

Agrovoltaics is an innovative model that integrates agricultural
or livestock production with photovoltaic energy generation
within the same space, creating synergies between the two.
The design is tailored to the specific type of crop, livestock, and
local climate by using intelligent light management beneath the
solar panels. This approach is particularly beneficial in arid or
semi-arid regions, as it enhances water use efficiency and shields

that agricultural production remains significant (=90% of reference
yield) and restrict land use. Italy supports advanced systems via
the PNRR, aiming to install 1.04 GW of innovative agrovoltaic ca-
pacity through differentiated auction mechanisms.

Spain, with significant solar and agricultural potential, is at an early
stage, characterised by pilot projects in woody and horticultural
crops. Initiatives such as WineSolar (Toledo), GO Agrivoltaica AND
(Coérdoba), and the olivevoltaic system in Jaén illustrate the tech-
nical and economic feasibility of these models. However, large-
scale deployment is still hampered by the absence of specific reg-
ulations, a lack of standardised business models, and the

2025 UNEF ANNUAL REPORT

need to tailor designs to the agricultural calendars and S

requirements of local farming. AGROVOLTAICS HAS THE POTENTIAL
TO INCREASE TOTAL LAND PRODUC-
search centres. TIVITY BY AS MUCH AS 70%.

crops from excessive sunlight. In recent years, this technology has
garnered increasing interest from companies, institutions, and re-
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Agrivoltaics offers a production model that combines environ-
mental, social, agronomic, and economic benefits. From an envi-
ronmental perspective, agrivoltaics reduces water evaporation,
protects soil from erosion, and serves as a carbon sink. In agro-
nomic terms, controlled shading alleviates the impacts of extreme
heat, excessive radiation, hail, and frost, stabilises yields, manages
ripening processes, and enhances crop quality. On a social level,
it can help maintain populations in rural areas, bolster resilience
to climate change, and add value to the region. Economically, it
diversifies income for farmers and livestock breeders, increases
land value, and improves profitability by allowing the simultaneous
production of food and energy.

Figure 47: Agrivoltaic installation in the Daramezas Estate of Vifiedos del Rio
Tajo.

Source: Bodega Las Copas, Vifiedos de Rio Tajo

Germany, France, and Italy have led the way in agrovoltaic devel-
opment in Europe by establishing specific technical standards and
support programmes. Germany's DIN SPEC 91434 (for crops) and
DIN SPEC 91492 (for livestock) ensure the priority of agricultural
use. In France, the APER Law (2023) and Decree 2024-318 require

PHOTOVOLTAIC INDUSTRY

The main barriers in Spain are regulatory, economic, and
technical. On the regulatory front, there is still no unified
definition of agrovoltaics or a framework to ensure compatibility
with the Common Agricultural Policy (CAP). Technically, there is a
shortage of standardised tools for agronomic and microclimatic
modelling, alongside modules and structures optimised for dif-
ferent crops. Economically, high initial costs and the absence of
mechanisms to evaluate agronomic benefits, such as water sav-
ings or improved crop quality, hinder competitiveness with tradi-
tional photovoltaic projects.

Experience from Europe and national pilot projects highlights the
importance of thorough agronomic planning, active involvement
of farmers, and designs that cater to the specific needs of each
farm. It is essential to monitor both agricultural and energy data
together to evaluate profitability and sustainability. Furthermore,
the restrictions specified in Environmental Impact Statements
(EIS), like limits on the use of agrochemicals, bear a resemblance
to organic farming practices in several respects.

Figure 48: Conceptualisation of Bioagrivoltaics.
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In this context, the concept of BlOagrovoltaics has emerged, com-
bining organic farming with photovoltaic generation to promote a
resilient, low-emission rural model with significant social benefits.

Floating solar

Floating photovoltaic solar technology involves placing solar pan-
els on platforms that float on bodies of water, such as reservoirs,
lakes, or irrigation ponds. This innovation has become a promising
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alternative for the energy transition, particularly in areas where
land is scarce or expensive. Besides generating clean electricity, it
reduces evaporation and algae growth in water bodies, enhanc-
es water quality in eutrophicated reservoirs, and boosts module
efficiency by 5-15% due to the natural cooling effect of the water
compared to land-based systems.

The main applications of floating solar technology include:

= Reservoirs and hydroelectric power stations, making use of
existing infrastructure and networks.

= Irrigation ponds, which are a priority in the agricultural market.

= Water treatment tanks, desalination plants, and irrigation
channels.

= Aquaculture, as well as quarries and flooded mines.

= Hybrid projects with offshore wind or green hydrogen.

On the international stage, Asia leads the market with major pro-
jects in China, South Korea, India, and Thailand. Meanwhile, Eu-
rope is advancing with notable installations like Alqueva in Por-
tugal and Bomhofsplas in the Netherlands. According to IRENA,
global installed capacity reached approximately 3 GW in 2023,
with capacity doubling approximately every two years, and it is
anticipated to surpass 6 GW by 2030.

In Spain, which boasts over 1,200 reservoirs and high so-

I |3r radiation, floating solar parks are in the early stages of
ROYAL DECREE 662/2024 SETS OUT  development. However, they benefit from a clear regula-

THE LEGAL FRAMEWORK FOR FLOAT-
ING SOLAR POWER IN SPAIN IN 2024.

tory framework established by Royal Decree 662/2024.
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This decree limits the occupation of the water surface to
between 5% and 15%, based on the reservoir's trophic
status, and mandates concessions with a maximum duration of
25 years. Examples like the Sierra Brava reservoir plant in Caceres
and the irrigation facility in Huelva show that this technology is
both viable and promising.

The main technological challenges concern the durability of flo-
tation systems, anchor and mooring designs, corrosion, salt dep-
osition, and the development of integrated electrical systems to
ensure safety and efficiency in aguatic environments.

Building Integrated Photovoltaics: BIPV

Building Integrated Photovoltaics (BIPV) is becoming a crucial
component in achieving nearly zero-energy building standards.
This technology replaces traditional building envelope elements —
like roofs, facades, and windows — with architectural components
that include photovoltaic cells. These components serve a dual
purpose: they function as construction materials while generating
clean energy for self-consumption.

PHOTOVOLTAIC INDUSTRY

The main challenge is to develop solutions that effectively com-
bine efficiency, aesthetics, and regulatory compliance. Innovation
is therefore directed at enhancing the performance of BIPV mod-
ules, diversifying designs and textures, and lowering manufactur-
ing and installation costs to speed up their adoption in sustainable
construction.

Fotoplat serves as Spain's platform for photovoltaic technology. It
is an initiative by the Ministry of Science aimed at:

= Facilitating networking among photovoltaic research-

ers

= Helping to connect these researchers with compa-
nies that can use their technology via networking

DURING 2024, FOTOPLAT ADDED 1
NEW ENTITIES, BRINGING ITS TOTAL
MEMBERSHIP TO 250 ORGANISATIONS
BY THE YEAR'S END.

= Raising awareness of photovoltaics within Spanish
society

= Preparing advisory documents for the Ministry of Sci-
ence on which photovoltaic technologies to support in re-
search and the methods to do so

Currently, UNEF manages this project. Fotoplat operates as an
association of Spanish companies and entities with an interest in
photovoltaics, ranging from universities and research centres to
individuals and large corporations.

In 2024, the platform was restructured, with the main emphasis
now on thematic quarters.

These quarters consist of a series of webinars focused on differ-
ent topics

Thematic quarters:

1. Agrivoltaics

2. Recycling of photovoltaic panels
3. Grid-Forming

Another key initiative by Fotoplat is the capacity map. It outlines
Spanish research centres, manufacturers, and technologists in-
volved in photovoltaics

PHOTOVOLTAIC INDUSTRY
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Figure 49. Capacity map of the Spanish photovoltaic industrial sector.
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sions, the platform organised sessions that focused on sharing the latest
trends and technological advancements in photovoltaics.

FOTOPLAT has also maintained and strengthened its collaboration with
other Spanish Technology Platforms that share the objectives of the en-
ergy transition. Noteworthy initiatives include its active role in the Co-
ordination Committee of Energy Technology Platforms (CCPTE) and
the GICI Group of the FUTURED platform. Within this framework, they
organised a roundtable discussion during the CCPTE's annual meeting,
featuring a high-level representative from FOTOPLAT.

At the European level, the platform remains actively involved in strate-
gic networks such as the European Technology Platform for Photovol-
taics (ETIP PV) and the EERA-PV Joint Programme. It also formalised
a collaboration agreement with EU-PVSEC in 2023. On the internation-
al stage, FOTOPLAT collaborates with the International Energy Agen-
cy (IEA) within the PVPS programme, where it contributes to strategic
analysis and the promotion of BIPV. Additionally, it is involved in the SHC
programme (Solar Heating and Cooling Programme).

INTERNATIONAL FRAMEWORK
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2025 UNEF ANNUAL REPORT



Photovoltaic energy has become a key player in the global energy tran-
sition. By 2030, it is expected that renewable energy sources will con-
tribute approximately 80% of new electricity capacity, with photovoltaics
leading the way. The global production capacity for modules is rising
and could surpass 100 GW annually by the end of this decade, al-
though current deployment uses only part of this potential. This growth
opportunity positions photovoltaics as crucial for achieving decarboni-
sation goals.

Since 2020, global investment in renewables has surged by 79%, with
more than €1.8 billion a day directed towards photovoltaics'. This up-
ward trend highlights its technological maturity and significant role in
reindustrialisation and creating green jobs. In this context, Spain enjoys
unigue competitive advantages: some of the lowest electricity prices in
Europe, a well-established value chain in high-value components such as
power electronics, structures, and tracking systems, and a leading R&D
ecosystem. Additionally, projects are underway to increase wafer and
cell production capacity to 20 GW by 2030, supported by European
funds.

However, rapid growth also brings technical challenges, particularly in

grid integration and managing surpluses. Developing a national battery
industry is essential, both for stand-alone systems and hybrid installa-
tions with photovoltaics, to ensure the stability and flexibility of the elec- —

tricity system. The global supply chain remains heavily concentrated in
Asia, underscoring the need for a Spanish techno-industrial strategy that A

protects domestic production, supports manufacturer financing, and en- Dlscover our new 1 P trGCker
sures a national technological reserve to maintain energy sovereignty.

The expansion of photovoltaics is driving structural change in the en-
ergy system, reducing reliance on fossil fuels and supporting the goals
of the National Integrated Energy and Climate Plan (PNIEC). Projections
from the International Energy Agency (IEA) confirm that speeding up
the transition with clean technologies like solar is essential for limiting
global warming to 1.5 °C. Aligning public policies, private investment, and
international cooperation is crucial, as is establishing a national regula-
tory framework to support both the photovoltaic industry and storage
solutions.

Photovoltaics is not only a vital tool for decarbonisation but also offers
Spain a historic opportunity to become a European industrial hub.
Achieving this will require strengthening innovation, regulatory stability,
and support mechanisms for manufacturing and storage.

Designed for the future
TR e 5 Built for today
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6.1. WHAT IS UNEF?

Founded in 2012, the Spanish Photovoltaic Union (UNEF) has now
existed for 12 years and has become the leading photovoltaic asso-
ciation in Spain and one of most prominent in the renewable energy
sector.

2025 UNEF ANNUAL REPORT

In 2024, the association gave a voice to more than 800 companies
across the entire value chain.

UNEF is organised into six sections: Storage, Energy Communities,
Distributors, Manufacturers, Installers and Engineering, Producers
and a Mixed section. This structure forms a democratic forum that
advocates for regulatory stability, sustainable development and the
internationalisation of the photovoltaic sector.

The association also holds the presidency and co-secretariat of FO-
TOPLAT, the Spanish Photovoltaic Technology Platform. Initiated in
March 2011 by the Ministry of Economy, FOTOPLAT brings together
universities, research centres and leading companies in photovoltaic
R&D&i in Spain.

UNEF is also a member of the European photovoltaic industry as-
sociation, SolarPower Europe, where it chairs the National Associa-
tions Committee, and a founding member of the Global Solar Coun-
cil, a leading international association. As a meeting forum

S PA N |S| | UNEF has an open institutional structure designed to include all

sector participants, regardless of their activity, size, or area of op-

eration. In 2024, the assembly approved changes to its statutes to
welcome new participants, increase the number of board members,

and establish a Management Committee.

U N | O N ( U N E I:) The General Assembly serves as the association's govern- T —

ing body. During these meetings, they approve the annual N 2024, UNEF UPDATED ITS STATUTES,
6.1 What is UNEF budaet. the act | 4. if lect ; EXPANDED ITS BOARD, AND ESTAB-
udget, the action plan and, if necessary, elect representa- | e THE MANAGEMENT COMMITTEE.

6.2 Objectives of UNEF tives for the Board of Directors.

6.3 Summary of activities

The Board of Directors, elected every two years during the Gener-
al Assembly, represents the interests of UNEF's various sections. It
6.5 UNEF research also includes the individuals responsible for General Management,

6.4 Commitment to biodiversity

the General Secretariat and the representative of the Territorial Del-

6.6 UNEF partners .
egations.

UNEF has delegations in fifteen autonomous communities that en-
gage directly with regional governments and regularly bring togeth-
er local companies. In Catalonia, UNEF operates under the UNEFCAT
brand and established the Territorial Council of Catalonia in 2021 as
an advisory body composed of companies based in the region.

SPANISH PHOTOVOLTAIC UNION (UNEF) 4“
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Figure 50: UNEFCAT in Barcelona

Source: UNEF

Sections by sector activity

UNEF is organised into six distinct sections based on the activities
of its member companies:

Storage Section: this is for companies involved in the manufactur-
ing, distribution or sale of storage systems for photovoltaic pro-
jects.

Energy Communities Section: companies working with renew-
able energy generation, energy efficiency services, supply, con-
sumption, aggregation and storage within an energy community
fall under this category.

Distributors Section: this section includes companies that distrib-
ute components for photovoltaic systems.

Manufacturers Section: designed for companies that produce so-
lar-grade silicon, wafers, cells, modules, inverters, module support
structures and other specific components for photovoltaic sys-
tems.

Installers and Engineering Section: this is for member companies
involved in system assembly, project engineering, system mainte-
nance and the administrative processing of photovoltaic projects.

Producers Section: companies primarily focused on electricity
production belong to this category.

SPANISH PHOTOVOLTAIC UNION (UNEF)

Mixed Section: this section encompasses various activities, such
as project financing, the production of auxiliary components for
photovoltaic systems, consultancy or professional services, mar-
ket representation, research centres, public entities, testing and
certification laboratories, training centres, technological innova-
tions, etc.

The UNEF team comprises professionals from various fields who
collaborate to manage all the association's activities effectively.
The technical office, led by a general directorate, is organised into
11 directorates. They are responsible for crafting and implement-
ing the strategic focus of the sectoral association. They include
the technical, self-consumption, energy communities, storage &
green hydrogen, associates and marketing, events, institutional
& international, communication, regulation & financing, social ac-
ceptance, and studies and environment directorates. Currently,
the UNEF team consists of 19 members.

Figure 51: UNEF Team

Source: UNEF

UNEF aims to strengthen Spain’s leadership in photovoltaic ener-
gy by serving as the voice of the sector to public administrations
and both national and international organisations. It is committed
to advancing a decarbonised and competitive energy model root-
ed in solar power, encouraging self-consumption and the integra-
tion of clean energy as vital tools in combating climate change
and safeguarding biodiversity.

SPANISH PHOTOVOLTAIC UNION (UNEF)

121

2025 UNEF ANNUAL REPORT



The association advocates for stable regulation and legal certain-
ty to provide confidence for investors and ensure the sector's or-
derly growth. In 2024, UNEF enhanced this strategy by engaging
in ongoing dialogue with the government, autonomous commu-
nities, the European Commission, local councils, political parties,
institutions like the IDAE, OMIE and CNMC, as well as with social

gic dialogue with REE (REDEIA) before, during, and after the en-
ergy crisis on 28 April. Many of UNEF's proposals were included in
Royal Decree-Law 7/2025 of 24 June, which introduced

.. |
urgent measures to bolster the electricity system.

THE ORGANISATION ENHANCED TS
INSTITUTIONAL INFLUENCE THROUGH

Regionally, UNEF has advocated for measures to stream- ~ MORE THAN 80 MEETINGS AND PIVOT-
AL REGULATORY PROPOSALS

I ——
UNEF ADDRESSED OVER 590 TECHNI-

stakeholders and representatives of the energy sector.

Services for members

UNEF keeps its member companies well-informed through regular
sector alerts, a daily newsletter covering key press news, a weekly
update on the association’s most significant activities, a monthly
newsletter highlighting key sector indicators, and a quarterly re-
port on the state of the electricity market.

In 2024, over 498 communications were sent out to an
internal list of more than 3,300 people and an external

CAL AND LEGAL ENQUIRIES THAT vEAR  list of about 4,000 contacts. The average open rate for
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these communications was nearly 50%.

In addition, UNEF provides its members with technical and legal
advice on topics such as grants and subsidies, regulations, ac-
cess and connection, taxation, and environmental issues related
to photovoltaic energy. This service is highly valued by members,
who made over 590 enquiries in 2024.

Institutional action

UNEF engages in ongoing discussions with key energy regulators
at both the national and European levels, ensuring that policy
decisions are grounded in reliable data and reflect the conditions
of the photovoltaic sector. The association has an extensive net-
work of institutional, political, and social contacts that bolster its
strateqgic objectives.

In 2024, UNEF strengthened its position as a key representa-
tive for the entire value chain of the sector in dealings with the
Ministry for Ecological Transition and Demographic Challenge
(MITERD), including the Secretaries of State for Energy and the
Environment. Additionally, UNEF established a direct communica-
tion channel with the Ministry of Economy, Trade and Business
(MINECO). It joined the Working Group on Capital Goods and
Electrical Equipment, coordinated by the Directorate-General for
International Trade and Investment and the Directorate-General
for Industrial Strategy. This collaboration addresses issues such as
industrial competitiveness and the new US tariff policy.

We have strengthened links with spokespersons from all parlia-
mentary groups in Congress and the Senate, maintaining strate-

SPANISH PHOTOVOLTAIC UNION (UNEF)

line administrative processes and integrate storage with

photovoltaics. A joint letter with the Network of Regional

Energy Directors was sent to MITERD, and we engaged in dia-
logue with initially reluctant governments in regions like La Rioja
and Murcia, achieving institutional rapprochement. We also held
UNEF Sustainability and Agrovoltaics Conferences in Valencia, Ex-
tremadura, Andalusia, and Murcia, fostering dialogue between
the regional ministries of Energy and Agriculture. Additionally, we
have strengthened relationships with environmental organisations
and regional associations to support a more sustainable and inclu-
sive energy transition.

Figure 52: UNEF-FEMP Meeting

Source: Spanish Federation of Municipalities and Provinces

UNEF has actively worked with local, regional, and national gov-
ernments through meetings, proposals, and technical advice.
It collaborates with representatives from the renewable energy
sector and civil society, including political parties, environmental
groups, and agricultural organisations. UNEF also partners with
technological development and R&D&I organisations, such as
CDTI and CIEMAT, as well as universities, research centres, and
innovative companies, maintaining the FOTOPLAT Secretariat as
a key platform. Furthermore, UNEF acts as a Collaborating Agent
with ICEX and participates in the Solar Sector Plan.

Comments and Regulatory Proposals

In 2024, UNEF significantly increased its regulatory activities com-
pared to 2023, submitting 46 public consultations and 6 amend-
ments. This increase not only highlights the heightened regulato-
ry environment but also demonstrates the effectiveness of the

SPANISH PHOTOVOLTAIC UNION (UNEF)
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I ——
UNEF SPEARHEADED A  GROUND-

association's advocacy efforts. Many of our contributions have
been incorporated into draft regulations, which has lessened the
need for further amendments.

In the first half of 2025, UNEF submitted 4 amendments and 34
proposals, maintaining its proactive approach. The positions of
UNEF are developed in the Working Groups and approved by the
Board of Directors, and they are making a tangible impact on the
development of regulations for both ground-mounted plants and
self-consumption. Furthermore, the association is strengthening
its role as a key representative by crafting proposals and publish-
ing technical reports that aid in crafting a stable and predictable
regulatory framework.

Promotion of RDL 7/2025

In 2024 and 2025, UNEF spearheaded a vigorous campaign to
secure the approval of Royal Decree-Law 7/2025, known as the
anti-blackout RDL. This regulation is key for the industrialisation,
energy independence, and competitiveness of the sector. Al-
though the text was eventually repealed in Parliament due
to political reasons unrelated to its technical merits, UNEF

BREAKING CAMPAIGN IN supPORT OF  successfully garnered widespread support from parlia-
RDL 7/2025, SECURING WIDESPREAD — mentary groups, business associations, energy entities,
TECHNICAL - AND INDUSTRY CONSEN-" anvironmental organisations, and industrial stakeholders,

SUS

forming an unprecedented sector-wide consensus.

Coordinated by UNEF, the sector's collective efforts involved
meetings with all political parties, sending letters to regional lead-
ers, securing backing from national and international organisa-
tions, and crafting specialised technical documents to highlight
the regulation's strategic significance.

This mobilisation reached a vital, albeit partial, goal: preventing
the expiration of the fifth milestone, which had a deadline of 25
June. This allowed developers who submitted their applications
on time the opportunity to alter their connection semester.

Support for internationalisation

——— |0 2024, UNEF bolstered its international strategy to attract
UNEF CHAIRS THE SOLARPOWER EU- foreign investment and aid the expansion of its member

ROPE NATIONAL ASSOCIATIONS COM-

MITTEE

companies. Working with ICEX Invest in Spain, UNEF co-
ordinated meetings among international companies, finan-
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cial institutions, and regional authorities. It also developed a
"Welcome Package" to ease the entry of new investors.

After its initial participation in 2023, UNEF returned to Intersolar
2024 with a collaborative stand. This provided member companies
access to Europe’s leading solar industry trade fair, which connects

SPANISH PHOTOVOLTAIC UNION (UNEF)

the solar, photovoltaic, and thermal technology markets. Through
ICEX, UNEF also facilitated participation in Intersolar 2025 and or-
ganised a Spanish-Portuguese Conference to enhance cooperation
between the two countries.

Internationally, UNEF has worked closely with the [nter- s —
national Energy Agency (IEA) on the PVPS Task 1 pro- UNEF CONTRIBUTES TO KEY IEA PVPS
REPORTS, BOLSTERING ITS INTERNA-
TIONAL LEADERSHIP.

gramme, contributing to strategic reports like the Trends
Report, Annual Report, National Survey Report, and Snap-

shot. It also collaborates with IRENA as a member of the
Coalition for Action and engages with the Global Solar Council in
the Finance Workstream.

Within Europe, UNEF is actively involved in SolarPower Europe
(SPE) and takes part in workstreams such as the Affordable Energy
Action Plan, Clean Industrial Deal, Local Investment Signals, and Mar-
ket and Investment, among others.

UNEF has also started collaborations with strategic sectors, such as
data centre associations, to boost electricity demand. Additionally, it
has signed agreements with universities and industry organisations
to support the training of young professionals and bring them into
the photovoltaic value chain.

Agrivoltaics Conference

The agrivoltaics conference aims to raise awareness of the model
that combines solar energy with agriculture, promoting efficient land
use and enhanced sustainability. It also strives to establish a col-
laborative ecosystem among photovoltaic companies, universities,
research centres, the agricultural sector, and public institutions.

On 22 January 2025, we organised a conference in Badajoz featur-
ing experts and authorities from Spain and Portugal. Notable speak-
ers included Nelson Lage, Chairman of the Board of Directors of the
Portuguese Energy Agency, Miguel Rodrigo, Director General of the
IDAE, and representatives from the Government of Extremadura.

The second event took place on 10 April 2025 in Seville and at-
tracted over 200 participants. Andalusia was chosen as the venue
due to its leadership in renewable energy and sustainable agricul-
ture, making it an ideal location. This time, representatives from the
IDAE, the Andalusian Regional Government, and the Ministry of Ag-
riculture, Fisheries and Food took part.

SPANISH PHOTOVOLTAIC UNION (UNEF)
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Figure 53. Agrivoltaics conference in Andalusia. Innovation for a sustainable future

Source: UNEF

Sustainability and Photovoltaic Plants Conferences

The aim of these conferences is to highlight best practices in
the Spanish photovoltaic sector, with a focus on biodiversity, re-
wilding, and creating opportunities for the region's economic and
social development.

Several such events took place last year. The first conference
was held in Valencia on 9 July 2024, featuring a presentation
on the role of photovoltaic plants in biodiversity conservation, as
well as showcasing the UNEF Seal of Excellence in Sustainability.
The involvement of representatives from the Valencian Regional
Government enabled discussions on the specific challenges and
opportunities faced by this autonomous community.

The second conference, attended by over 200 people, took place
on 28 January 2025 at the Congress of Deputies in Madrid. This
event introduced the new Seal of Excellence in Storage, promoted
by UNEF. Miguel Angel Hernandez, project coordinator at EMAT,
highlighted the key points from the 2024 Sustainability and Pho-
tovoltaic Plants Report.

Figure 54. 3Rd Sustainability and Photovoltaic Plants Conference

Source: UNEF
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On 19 June 2025, the third sustainability conference took place in
Catalonia, featuring the theme ‘Lessons learned from the 33 GW
in operation in Spain’. This event focused on exploring experienc-
es and opportunities within the region.

Also on 19 June 2025, another sustainability conference was
held with the same theme. This event aimed to analyse opportuni-
ties and various examples from Catalonia specifically.

lll Storage and Renewable Hydrogen Summit

The third Storage and Renewable Hydrogen Summit was held on
11 and 12 February 2025, under the theme "The capacity mecha-
nism as a driver of profitability for storage and renewable hydro-
gen". The event brought together over 500 attendees. Over the
two days, participants tackled key issues such as technology, the
value chain, regulation, business models, industrial decarbonisa-
tion, financing, digitalisation, and industrial safety. The event fea-
tured important figures, including Joan Groizard, the Secretary
of State for Energy at the Ministry for the Ecological Transition
and Demographic Challenge, as well as representatives from pub-
lic bodies in the Community of Madrid, the Andalusian Regional
Government, and the Community of Valencia.

Figure 55. 3rd Storage and Hydrogen Summit

Source: UNEF

FOTOPLAT Assembly

The FOTOPLAT Annual Assembly took place on 3 April 2025,
themed "Innovation and entrepreneurship in synergy: connecting
start-ups with photovoltaic R&D&I". The meeting aimed to boost
collaboration between companies and institutions to keep Spain
and its business landscape at the forefront of research, develop-
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ment, and innovation in photovoltaic systems. It also sought to
promote common strategies and foster synergies among various
sector players.

V Self-consumption Summit

The 5th Self-Consumption Summit, held on 24 April 2025, was
attended by over 300 participants. The event examined the sec-
tor's progress since the approval of Royal Decree 244/2019 and
discussed new initiatives to promote this clean form of energy
consumption. It also explored the growth of collective self-con-
sumption and the inclusion of new elements such as storage and
energy communities, which are key to increasing installed capac-

ity.

The conference featured important presentations, including the
Manual of Good Practices in Fire Safety for Sustainable Self-Con-
sumption Photovoltaic Installations (UNEF), the new Self-Con-
sumption Platform (Red Eléctrica), and the EBAFLEX study from
the Polytechnic University of Valencia. Notable attendees in-
cluded Miguel Rodrigo, Director General of the IDAE, along with
representatives from the CNMC, Red Eléctrica, the Regional Gov-
ernments of Extremadura and Andalusia, and the Ministry for Eco-
logical Transition and Demographic Challenge.

Figure 56. V Self-consumption Summit

Source: UNEF

Solar Forum

The eleventh edition of the Solar Forum took place on 9 and 10
October 2024, marking the most significant event of the year
for photovoltaic energy in Spain. The forum, themed "Photovol-
taic energy, the driving force behind industrialisation", attracted
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over 1,100 sector representatives. It brought together key fig-
ures such as Sara Aagesen, Secretary of State for Energy; Eva
Maria Blanco, Deputy Director of Environmental Assessment; and
Victor Marcos, Director General of Energy Planning and Coordi-
nation, all from the Ministry for the Ecological Transition and De-
mographic Challenge. Other notable participants included Alipio
Garcia, Director General of Energy Transition for Castilla-La Man-
cha; Marcelo Alvarez, President of the Solar Committee of the Ar-
gentine Chamber of Renewable Energy; Rebeca Torré, Secretary
of State for Industry; and Manuel Arglelles, Director General of
Energy and Mines for the Valencian Regional Government, among
others.

Figure 57: Xl Solar Forum

Source: UNEF

Over the course of two days, leading companies, public institu-
tions, and civil society representatives came together to discuss
the challenges and opportunities in accelerating the energy transi-
tion, as well as contributing to the country's reindustrialisation and
economic recovery.

Training courses

= Electricity Market Course. This online course is designed for
producers, installers, operators, and other professionals in the
photovoltaic sector. Participation has steadily increased each
year, owing to its practical approach to understanding how
Spain's wholesale electricity market operates, covering are-
as such as the daily and intraday markets, settlement calcu-
lations, billing, and adjustment services. In 2024, the course
added content on analysing projects awarded through auc-
tions, market projects, and PPA contracts. By 2025, it further
expanded to cover new developments related to the integra-
tion of storage and energy communities into the market.
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= Project Finance course. This online course, conducted on 18
and 19 September 2024, aimed to explain the essential finan-
cial concepts involved in funding photovoltaic projects and to
equip participants with the key tools needed to evaluate them
effectively.

= Course on promoting facilities: generation and storage Held
in person on 3 December 2024, this course covered the prac-
tical aspects of promoting photovoltaic plants. It included dis-
cussions on the regulatory framework, site selection, access
and connection procedures, and the integration of storage
systems, among other relevant topics.

Webinars

eeeeeeeeeeeeeeeeeesssssm - OPtimising photovoltaic plant performance (3 Octo-
BETWEEN 2024 AND 2025, UNEF HELD ber 2024), focusing on robotic and automated solu-

VARIOUS ONLINE SESSIONS, ATTRACT- tions for vegetation management and panel cleaning.
ING OVER 1,800 PARTICIPANTS IN TO-

TAL.

= Module quality controls (10 December 2024), dis-
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cussing the prevention and management of contrac-
tual breaches.

= Social licence and access capacity tenders (23 January
2025), which attracted 600 participants and addressed the
issue of social acceptance in renewable projects.

= Preventing social rejection in photovoltaic and storage pro-
jects (21 and 28 May 2025), attended by over 400 partici-
pants and conducted by Mediacién Verde.

= Linked operations in renewable projects (3 June 2025), cov-
ering contractual matters and responses to tax inspections, in
collaboration with Schlaich Dauss and Crowe.

Seal of excellence in sustainability

At UNEF, we work to promote a sustainable energy transition by
ensuring that the development of new renewable facilities brings
direct benefits to the region and creates shared value with lo-
cal communities. In 2019, we published our Sustainability Recom-
mendations, a document outlining measures to enhance the en-
vironmental and social integration of photovoltaic plants. We
presented this document to the Vice-President and Minister for
Ecological Transition, Teresa Ribera, and shared it with the region-
al administrations responsible for sustainability.

SPANISH PHOTOVOLTAIC UNION (UNEF)

Figure 58: Seal of excellence in sustainability
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Source: UNEF

UNEF has developed the Seal of Excellence in Sustainability,
a unique certification system that ensures photovoltaic projects
meet high standards in four key areas: socio-economic impact, en-
vironmental integration and biodiversity protection, governance,
and circular economy. Independent certifiers, currently Applus+
and SGS, conduct the audits. Sixty-one plants have been awarded
this seal, representing a total capacity of 4,725 MW.

Seal of Excellence in Storage I ——

IN 2024, UNEF INTRODUCED THE SEAL
In 2024, UNEF introduced the Seal of Excellence in Stor- ©OF EXCELLENCE [N STORAGE, SETTING
age, a groundbreaking certification designed to ensure éASFTEATNYDARD FORSUS TANABILITY AND
that both stand-alone and hybrid storage facilities adhere
to the highest standards of sustainability, safety, and qual-
ity. The seal sets rigorous criteria in five critical areas: socio-eco-
nomic impact, environmental integration and biodiversity, industrial
safety, governance, and circular economy. This scheme is audited
by independent entities and aims to foster projects that create
shared value with local communities, reduce environmental impact,
and enhance transparency and dialogue with local stakeholders.

Figure 59: Seal of Excellence in Storage

After the proved track record of the Seal
of sirsfamnaliity, wa have launched the
naw Seal of Excellenc G i

T Ll ad kg |
e ;

Source: UNEF
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The new seal provides a unigue framework for certifying storage
systems, whether linked to photovoltaic plants or operating inde-
pendently. Through this initiative, UNEF is strengthening its com-
mitment to a just and sustainable energy transition. The focus
is on promoting storage solutions that align with decarbonisation
goals, foster technological innovation, and create economic op-
portunities within local communities.

In 2024, UNEF's research department stepped up its

efforts to generate knowledge, releasing a range of re-

ports, studies, and analyses. These covered electricity

market trends, developments in self-consumption, be-

hind-the-meter storage, project approvals, biodiversity in

solar plants, and regulatory suggestions. UNEF contribut-
ed to international organisations such as the International Energy
Agency, IRENA, REN21, and SolarPower Europe, strengthening
its position as a technical and regulatory leader in the sector.

Sustainability studies

A major research focus was on sustainability and biodiversity.
From 2021 to 2024, studies conducted by the consulting firm
EMAT demonstrated that well-sited and managed photovoltaic
plants not only reduce environmental impact but also encourage
the growth of wildlife and plant life, effectively becoming biodiver-
sity havens. Initiatives like installing nest boxes, creating ponds,
and developing ecological corridors have proved that the biodi-
versity in these plants can surpass what was previously present in
the surrounding area.

Socio-economic impact report

The Socio-economic Impact Report on Photovoltaics, de-
veloped in partnership with Carlos lll University of Madrid
and Complutense University, offers a thorough analysis of
how solar plants boost economic and social development
in the municipalities where they are located. Key findings
from 2024 include:

= Employment: a rise of 7% to 13.6% during the construction
phase.

= Population: a 3% to 8% increase in the total population, par-
ticularly among those of working age.

= Business activity: growth of 2.6% to 3.5% in the number of reg-
istered companies.
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= Property and income: a 3% increase in average house prices
and a 0.5% to 1% rise in household income.

= Municipal revenue: a 9% to 13.5% boost in tax collections from
levies such as ICIO (Tax on Constructions, Installations and
Works), IAE (Tax on Economic Activities), or IBI (Property Tax).

= Municipal expenditure: a 4.4% to 9.5% increase in public ser-
vice spending.

These findings confirm that photovoltaics serves as a catalyst for
socio-economic rejuvenation in rural areas, aiding in population
retention and stimulating economic activi

Employment, diversity and inclusion

In 2024, UNEF collaborated with BBVA and EDP to develop the
Employment and Diversity in the Photovoltaic Sector Report,
which is set to be unveiled at GENERA 2025. The study examines
the creation of quality jobs, talent development within the sector,
and the extent of inclusion of vulnerable groups and women in the
value chain. It will present proposals to enhance equal opportuni-
ties, provide specialised training, and retain talent in this rapidly
expanding sector.
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6.6. UNEF PARTNERS

STORAGE

AMPERE ENERGY

/www.ampere-energy.com
965 02 36 56

BAMBOO ENERGY

bambooenergy.tech/en
936 27 76 18

BEEPLANET FACTORY S.L.

beeplanetfactory.com

BK ENERGIES

bkenergies.com
984033709

BLAKACH ENERGY SL

bkenergies.com

BM2SOLAR
www.BM2Solar.com
+34 607076635
CHELION
www.chelion.eu
DYNESS
www.dyness.com
+86 158 2993 0779
E22

energystoragesolutions.com

917 364 248

EXIDE

www.exidegroup.com

+34 670739317

FAILTE SOLAR IBERICA S.L.U.

UBORA SOLAR

failtesolar.com

FOXESS CO., LTD.

www.fox-ess.com

+49 1711270 534

RIC ENERGY

ric.energy
910 886 320

RIELLO SOLARTECH

riello-solartech.com
902 026 654

SAJ

WwWw.saj-electric.com

34699651418

SHENZHEN RUIDIAN GREEN
ENERGY TECHNOLOGY LTD

http:/www.absenenergy.com

SILBAT

https:/www.silbat.com
34910589091

SONNEN SPAIN

www.sonnen.es
900 649 423

STATERA ENERGY

www.stateraenergy.es

TBEA SUNOASIS CO., LTD.

www.tbea.com/tbea/en/index.html

136

www.uborasolar.com
671449787

ENERGY COMMUNITIES

COMENVAL S.C.C.L-COMUNI-
TAT ENERGETICA VALENTINS

COMUNITAT ENERGIA DEL
PRAT, SL

EFIDUERO ENERGY SCEL

EFIDUERO.COM
923141504

ELEKTRA, S.A.

OECOOP

WWW.0eCo0p.Coop
623460705

SAMSO

SAMSO.ECO
932188882

SAPIENS ENERGIA COOP V

www.sapiensenergia.es

SENDA SOSTENIBLE

www.senda.green

634891102

SPANISH PHOTOVOLTAIC UNION (UNEF)

SOLARS55 RECYCLING PHOTO-
VOLTAICS.L.

www.solar55.com

SOLDELIA

soldelia.com

957 073 112

ZUIA ENGINEERING

WWW.Zuiaingenieria.com
945 069 104

DISTRIBUTORS

ALASKA ENERGIES ESPAGNE,
SL

www.alaska-energies.es
+34 919041283

AMARA NZERO

amaranzero.es
917 231600

CEF ESPANA

www.cefltd.com
663 648 569

DEFENSA SOLARS.L.

DPV ENERGY

dpvenergy.com
963 318 066

EASTECH SOLAR

www.eastech.es
91632411

ECOVATIOS

ecovatios.com
900 820 832

SPANISH PHOTOVOLTAIC UNION (UNEF)

ELECTRO STOCKS NATEC
www.grupoelectrostocks.com natec.com
936 036 688 +34 960 130 613
ENERGY3000 SOLAR GMBH NEXTRACKER

energy3000.com
+43 664 78 030 727

GREEN EFFICIENT

www.nextracker.com

+34 661 020 981

PARAGON SOLAR

www.greenefficientsolutions.com
922 688 320

GREEN FUSION SOLAR

www.paragonsolar.es
693 492 557

PHOTON

www.greenpower-technologie.com
917 377 378

GRUPO JAB

www.grupojab.es

(+34) 682 692 506

GRUPO NORIA

gruponoria.com

+34 935922838

IBERASSEKURANZ BROKERS

https:/iberassekuranz.es/
917815632

JAB GESTION D.AM. S.L.

Www.grupojab.es
+34 682 692 506

KRANNICH SOLAR

krannich-solar.com/en/english
(+34) 686 403 348

LUMISOLAR

www.lumisolar.es
936057761

MYLIGHT150

mylight150.com
+34 667027488

photonrenovables.com
958 447 167

PREMIUM MOUNTING TECH-
NOLOGIES GMBH & CO. KG,

pmt.solutions/en/
+ 49 (0) 9225 95500

SALTOKI E-SOLAR

www.saltoki.com
948 18 90 18

SUMINISTROS ORDUNA

www.suministrosorduna.com
925105 155

SYDEA

WWW.SYDEA.EN
985 790 454

TAURUS RENOVABLES

www.taurusrenovables.com

(+34) 671000 443

TECNA

www.techa.es
691820 791

WATTKRAFT

www.wattkraft.es

+34 914 18 69 98
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MANUFACTURERS

ACRE SURVEYING SOLUTIONS

WWW.GRUPOACRE.ES
902 490 839

ALLIMEX GREEN POWER

www.allimexgreenpower.com
685353285

ALUSIN SOLAR

www.alusinsolar.com
984112759

APLITECH ENERGY

CHINT ENERGY, S.L.

FISCHER IBERICA

chintenergy.com
93467 3778

CONVERT ITALIA SPA

www.fischer.es

(+34) 606 090 594

FRONIUS ESPANA

www.valmontsolar.com

+39 3453601284

DAZETECHNOLOGY SRL
SUCURSAL EN ESPANA

www.fronius.es

916 496 040

GAMECHANGE SOLAR SPAIN,
S.L.

www.gamechangesolar.com

www.aplitech-energy.com

93715 82 58

ARAYMOND

www.araymond-energies.com

669486208
ARRAY
arraytechinc.com
34948260129
ATERSA
/www.atersa.com
BMI
www.bmigroup.com
673 887 684
BRAUX

www.braux.es

(+34) 618 842 239

BUILD TO ZERO

buildtozero.es

DITECH GAMESA ELECTRIC
it.ditech.es www.gamesaelectric.com
40404040 +34 944 317 600
DOGA GAVE
www.gave.com
34 933 965 757 938422212
ESASOLAR GONVARRI SOLAR STEEL
esasolar.com www.gsolarsteel.com
(+34) 916 264 552 985 12 82 00
ESCELCO GOODWE
www.escelco.eu en.goodwe.com
+34 987 526 880
ESDEC BV GROWATT
esdec.com en.growatt.com
(+34) 620 84 1691 +34 699 734 029
FAAM HANGZHOU LIVOLTEK POWER CO.,
LTD.
www.faam.com
391000000000
FACTIUN

www.factiun.com
688776244

FIB SPA- FAAM
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HENGDIAN GROUP DMEGC
MAGNETICS CO., LTD.

HOPEWIND TECHNOLOGY
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HUAWEI

LEDVANCE LIGHTING SA

PHOENIX CONTACT, S.A.U.

digitalpower.huawei.com

+34 615 570 260

HUAYAO PHOTOVOLTAIC EU-
ROPE GMBH

HYXI POWER

www.hyxipower.com

+34 690 60 67 45

IBC SOLAR

www.ibc-solar.es

(+34) 662 339 280

INGETEAM

www.ingeteam.com/es-es/sec-
tores/energia-fotovoltaica/
s15_24_p/productos.aspx

948288000

ISIGENERE - ISIFLOATING

www.isigenere.com

(+34) 619 261 650

JINKO SOLAR GMBH

jinkosolar.eu

JOLT ACTIVATED

www.ledvance.es

629170687
LIVOLTEK
www.livoltek.com
+86 15715768455
LONGI

www.longi.com
(+34) 678 925 168

LUXEN SOLAR

www.luxensolar.com

(+34) 868 075 061

MF RENOVABLES

www.mfrenovables.com
924 290 1M

MIDSUMMER

www.midsummer.se

(+46) 768 912 767

MONDRAGON ASSEMBLY

www.mondragon-assembly.com
34672690900

NEW TANDEM SIM SL (HYXI
POWER TECHNOLOGY IBERIA)

jolt-solutions.com

34930880361

JOSEP TIENDA (SHOALS TECH-
NOLOGIES)

K2 SYSTEMS S.L.U.

k2-systems.com

(+39) 349 336 2962
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NOMAD SOLAR ENERGY

www.nomadsolarenergy.es
914 473 702

ORMAZABAL

www.ormazabal.com
(+34) 6303 12 263

P4Q SUNTRACK SERVICES S.L.

PMT - PREMIUM MOUNTING
TECHNOLOGIES

www.pmt.solutions

0049-9225-9550-0

PRAXIA ENERGY

WWW.praxiaenergy.com

985 211 117

PROAT SL

www.proat.es
935 790 610

PROSOLAR BIRDS

prosolarbirds.com

680 931542

PYLONTECH

www.en.pylontech.com.cn

ROBSYS ROBOTIC SYSTEMS

rob-sys.es

+34 656 362 043

RUNERGY

www.runergy.com

SCHLETTER ESPANA

www.schletter-group.com
966 767 534

SHEZEN GROWATT NEW EN-
ERGY CO. LTD.

SHOALS
GROUP

TECHNOLOGIES

www.shoals.com
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SIGENERGY TECHNOLOGY

STAUBLI

UNEX

WWW.sigenergy.com

SILICONVALEN

www.staubli.com
937 206 550

STEALTH ENERGY

www.siliconvalen.eu

653246230

SL RACK IBERICA

www.sl-rack.com
+34 652342418

SLENERGY

www.stealthenergy.cn

34 651503 958

www.slenergy.com

+34 659 273 794

SMA

SUMCAB SPECIALCABLE
GROUP
www.sumcab.com
610 000 683
SUNGROW

www.sma-iberica.com

(+34) 609132 227

SOLARWATT ESPANA

spa.sungrowpower.com
(+34) 948 11 75 98

SUNPOWER ENERGY SYSTEM
SPAIN, S.L.

www.solarwatt.com

659 510 910

SOLAX POWER

SUZHOU STEALTH ENERGY
TECHNOLOGY CO. LTD.

en.solaxpower.com

(+34) 652 82 42 92

SWATTEN

www.swatten.com
+34 653 441658,

TAB BATTERIES

SOLPLANET
www.solplanet.net
(+34) 676 633 900
SOLREINA
solreina.com
(+34) 633 401 027
SOLTEC

WWW.TABSPAIN.COM

WWwWw.soltec.com

(+34) 681137 289

STANSOL ENERGY

682 393 910

TAMESOL
www.tamesol.com
+34 603 167 813

TRACTEL

www.stansolgroup.com

(+34) 626 457 726

www.tractel.com

610 237 240
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www.unex.net
9333387 00

VALK SOLAR SYSTEMS IBERICA,
S.L.

VECTOR ENERGY

www.vectorenergy.com

935 748 206

WEBDYN

www.webdyn.com

+34 697 958 089

YINGLI GREEN ENERGY SPAIN

www.yinglisolar.com
918 436 726

ZCS AZZURRO

WWW.zZzCsazzurro.com

ZIGOR

WWW.zZigor.com

ZUCCHETTI CENTRO SISTEMI
SPA (ZCS AZURRO)

MIXED

3E_IBERICA

3e.eu
93 117 1110

5B BALEARES

www.linkedin.com/compa-
ny/5b-baleares/

871533 257

ABANCA CORPORACION BAN-
CARIA, S.L.
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ABANCA ENERGY

AIP MANAGEMENT

AMPERECLOUD

www.abanca.com

ABOVE

aipmanagement.dk

(+34) 661435198

ALANTRA SOLAR

www.abovesurveying.com

(+44) (0) 120 691 3898

ABSIDE INNOVATION SL

www.alantra.com/alantra-solar

915 773 429

ALEASOFT

Www.sunu2.com

ACELERA ENERGIA

www.aleasoft.com
900 102 161

ALLEN & OVERY

www.aceleraenergia.com

www.allenovery.com

(+34) 683170 577 917 82 98 00
ACENEL ALTACIA
www.acenel.es altacia.com
917 647 489
ACER ALTER ENERSUN
www.acer.org.es alterenersun.com
922 244 631 924 232 250
ACOFILE ALTERS
www.acofile.com www.alter-5.com
+34 615 346 760 (+34) 659 035 520
ADDLESHAW GODDARD ALTERMIA
(SPAIN)
www.altermia.es
myag365.sharepoint.com/sites/ (+34) 671665 923
Spain
914 260 050 ALUMBRA
AER SOLEIR www.grupoalumbra.es
914 585 815
aersoleir.com
609 64 84 95 AMARENCO
AGERE INFRA WWww.amarenco.com

www.agereinfra.com
914514693

SPANISH PHOTOVOLTAIC UNION (UNEF)

35200 000 0000

www.amperecloud.com

33 638 968 156

AP EXECUTIVE SEARCH

ap-executivesearch.com

601109 433
APLICACIONES TECNOLOGI-
CAS

at3w.com

(+34 961318250)

ARAOZ & RUEDA

www.araozyrueda.com
91319 02 33

ARCONI SOLUTIONS

arconi.solutions/en/
910 913 114

ARRAM CONSULTORES

www.arram.net

924 207 083

AUREA CAPITAL

915 215 548

AVALON RENOVABLES, S.L.

AVANZA ENERGY

Wwww.avanzaideas.com

955 720 818
AVANZALIA

avanzalia.net

912 682 299
AXON TIME

axontime.com

+34 966 59 2150
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AXPO SOLAR IBERIA

urbasolar.com

(+34) 68313 73 08

BA RAS

www.ba-ras.com/es/inicio/

91310 70 80

BAYWA R.E.

www.baywa-re.es/es/

(+34) 697 121724

BBVA

www.bbva.com

BDO

www.bdo.es
914 36 4190

BECQUEREL INSTITUTE ES-
PANA

www.becquerelinstitute.eu/es
664 039 393

BLUETREE GROUP

bluetree.group
91657 22 87

BMS MEDIACION IBERIA,
CORREDURIA DE SEGUROS Y
REASEGUROS, S.L.U

BRIGHT SUNDAY

www.brightsunday.com

(+34) 610 719 463

CAMPO ZERO

CENER

www.cener.com
948252800

CENTRO DE NANOCIENCIA Y
TECNOLOGIAS SOSTENIBLES

CERE

www.cerecertification.com

CHRISTIAN BREITENSTEIN

CIEMAT

www.ciemat.es
913 466 050

CIRCLE ENERGY

Www.circle.energy
911 091102

CNATS

WWW.Upo.es/cnats/

DAWN ENERGY

www.dawnenergy.es
670 442 910

DEHESA PARTNERS, S.L.

DEL POZO & DE LA CUADRA
ABOGADOS

www.dpdc.es
608 282 068

DELFOS ENERGY

www.delfos.energy

DH2 ENERGY

www.dh2energy.com

(+34) 653 959 652
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DNV GL SERVICES SPAIN,S.L.

www.dnv.es/power-renewables/in-
dex.html

976 398 424

DNV MARITIME AND ENERGY,
S.L. (DNV GL)

DOS GRADOS CAPITAL

www.linkedin.com/compa-
ny/35693947/admin/

917 691125

EACAE

eacae.es

621005 828

ECOLOGICA IBERICA Y MEDI-
TERRANEA, SA

ECONERGY

www.econergytech.com
+44 7548 342535

ECOOO ENERGIA CIUDADANA

WWW.eCO00.es

912 940 094

ECOPPIA SCIENTIFIC LTD

ecoppia.com
+34 91076 7138

ECROWD!

www.ecrowdinvest.com
935 511 448

EKHI

ekhi.energy
689337021
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ELECSUM

Elecsum.com
900 181776

ELECSUM FOTOVOLTAICA SLU

ELEIA ENERGIA

www.eleiaenergia.com

ELONA ADVISORY SL

www.elonacapital.com

(+34) 689 253 104

ENERCLUSTER

www.enercluster.com

ENERGETIC INSURANCE

www.energeticinsurnace.com

691155 079

ENERGIAS RENOVABLES CIN-
CA

ENERGYA VM GENERACION,
S.L.

ENERTIS APPLUS+

ER INGENIERIA S.L. (ENERGIAS
RENOVABLES Y MECANIZA-
CIONES MANCHEGAS)

ERANOVUM ENERGY

eranovum.energy/

ESCAN CONSULTORES ENERGETI-
cos

escansa.es

913 232 643

EVEROZE

www.everoze.com

EY ABOGADOS

www.ey.com/es_es/people/
ey-abogados

FACTOR ENERGIA

www.factorenergia.com
91193 50 85/ 93 36215 60

FENIE ENERGIA

www.fenieenergia.es/nosotros/
900 215 470

FINERGREEN

finergreen.com

+34 617 65 97 23

FRONTIER RENEWABLES SL

www.enertisapplus.com

9165170 21

ENGELHART CTP RENEWA-
BLES GMBH

www.trailstonegroup.com

(+34) 626 310 923
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FUNDEEN

www.fundeen.com
911 238 277

GARCIA ALAMAN

www.galamanseguros.es
913 597 589

GEOATLANTER, S.L.

GESTION BAVIGENA

www.linkedin.com/in/gestion-bavi-
gena-s-1-53ab79151/

625538785

GESTION DE RECURSOS Y
SOLUCIONES EMPRESARI-
ALES, S.L.

GLIDE ENERGY

www.glide-energy.com

675122172

GOLDENGREEN - QCAPITAL.ENER-
GY

www.QCapital.Energy
34 687 725 0N

GOMEZ-ACEBO &
ABOGADOS

POMBO

WWWw.ga-p.com

GOPARITY

www.goparity.com
640 770 046

GRANSOLAR

gransolar.com
917 364 248

GREEN MIND VENTURES

greenmindventures.com

(+34) 618 679 907

GREEN TIE CAPITAL

greentiecapital.com

+34 954 296 900
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GREENING GROUP

www.greening-group.com

HSF - HERBERT SMITH FREE-
HILLS

603 559 927 www.herbertsmithfreehills.com
914 234 000
GREENPOWERMONITOR, A
DNV COMPANY 1+P
www.greenpowermonitor.com imasp.net
+34 935 510 703 915 357 366

GRUPO GRANSOLAR, S.L.

IDEAS MEDIOAMBIENTALES

gransolar.com

GUADAMUR SOLAR ENERGY,
S.L.

HELEXIA

ideasmedioambientales.com
967 610 710

IED ELECTRONICS

IEDRE ENERGETICA CORPO-
RACION SL

helexia.es
658 68 50 97

HERBERT SMITH FREEHILLS
SPAIN LLP

HIVE ENERGY

www.hiveenergy.co.uk/

965 059 765

HOLALUZ
www.holaluz.com

HOLTROP
holtrop.legal
935193 393

HOWDEN RISK SOLUTIONS SA

www.howdengroup.com/es-es
917 811 515

954 285 238

IES-UPM

www.ies.upm.es
910 672 523

IMAGINA ENERGIA

www.imaginaenergia.com

IMPELIA ENERGY

(+34) 608 052 319

INFITECH

www.infitech.es
678 643 803

INGELECTUS S.L.

ingelectus.com

722 670 645
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INGEUS

WWww.ingeus.es
6192 93 620

INNOVO RENEWABLES

www.innovorenewables.com

+39 340 2800243

ISFOC SAU

www.isfoc.net
34 926441673

JLL

www.jll.es/es/mercados/ener-
gias-renovables

(+34) 639 175 496

JONES LANG LASALLE ESPANA,
S.A. (JLL)

JORGE SOL SL

K4K TRAINING & ADVISORY

www.k4kadvisory.com
606 235149

KAMPE

kampejobs.com

+34 600 268583

KIRA VENTURES

kira.ventures/en

914 135 146

KOOI SECURITY ESPANA SL

www.247kooi.es
(+34) 935 247 400

LAXTRON

(+34) 686 790 980

SPANISH PHOTOVOLTAIC UNION (UNEF)

L’ENERGETICA

MONTERO -ARAMBURU

PINSENT MASONS

www.lenergetica.cat
938 574 000

LEVELTEN ENERGY

www.leveltenenergy.com

(+34) 638 218 064

MARSH

www.marsh.com/us/home.htmi

+34 948 366 602 | +34 676 721849

MATRIX RENEWABLES SPAIN

matrixrenewables.com/
+34 669-181-600

MEDIACION VERDE

www.mediacionverde.com
673891018

MENAPY

www.menapy.com
(+34) 664 742 525

MERCADOS ARIES INTERNA-
TIONAL

www.mercadosaries.com
915 795 242

MERCADOS ARIES INTERNA-
TIONAL, S.A.

METEO FOR ENERGY

WWW.GRUPOACRE.ES
690 793 998

MICROSEGUR

microsegur.com
(+34) 619 148 994

SPANISH PHOTOVOLTAIC UNION (UNEF)

WWW.MONTERO-ARAMBURU.
COM

910 327 693

NEW CIRCLE ENERGY SLU

NEXUS ENERGY

www.nexusenergia.com
900 818 533

NORDIC GUARANTEE

www.nordicguarantee.com

ON SOCIAL 2

onsocial2.com
622445733

ONTIER ESPANA

www.ontier.net

+34 9143130 00

ORES & BRYAN CORREDURIA
DE SEGUROS

www.pinsentmasons.com
91 048 4000

PIONEER GREEN POWER

PLENITUDE

eniplenitude.es/renovables/

+34 652 958 470

PRAXEDO

www.praxedo.es

919 900 925

QBI SOLUTIONS

hubs.ly/Q02y6p9r0.com
914 9150 84

QUALIFYING PHOTOVOLTAICS

WWW.QpV.es
644 725174

QUALITAS ENERGY

www.qualitasenergy.com/
914 238 270

RECAP ENERGY

www.oresybryan.com

(+34) 610 176 565

www.recap.se
(+34) 620 881834

OSBORNE CLARKE RECYCLAIR
www.osborneclarke.com
(+34) 649 442 81 945 301 919
PARQUES SOLARES DE NAVAR- RECYCLIA
RA
www.recyclia.es
www.parguessolaresdenavarra.com 914 170 890
948 247 418
RINA

PARRASOLEX S.L.

www.rina.org/en

(+34) 633 499238
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RISKPOINT SUELOS RENOVABLES UL SOLUTIONS
riskpoint.eu www.suelosrenovables.com www.ul.com/industries/ener-
639 157 715 gy-and-utilities/renewables
933 681310
RUSTICUS SUNCO CAPITAL
UPNET TELECOMMUNICATIONS
rusticus.es WWW.SUN.CO
(+34) 605 895 936 (+34) 911 714 151 www.upnet.es
(+34) 633 818 188
SGS SUNOWATT

WWWw.sgs.es/
+34 91313 80 00

SIEMBRA ENERGIA

(+34) 607 073 495

TAIGA MISTRAL

www.siembraenergia.com
646 782 829

SIMMONS & SIMMONS LLPC

www.taigamistral.com

www.simmons-simmons.com/en/
offices/madrid

SINIA RENOVABLES

www.siniarenovables.com/

SINTESI

sintesi.cat/es/energias-renovables/
687 055 067

SOLAR MONKEY

www.solarmonkey.es

+34 644 340 570

SOLARBAY

(+34) 616 968 427

SORECAN

WWWw.sorecan.com

928 235 397

SPIRE SOLAR IBERIA SL

/testing.spiresolar.com/en/
(+34) 625 280 950

913 576 310
TECNALIA
www.tecnalia.com
(+34) 663 994 639
TEXLA

954 502 220

THUNDER HUNTER

www.thenergia.com
634 875 217

TRACE SOFTWARE INTERNATION-
AL

www.trace-software.com
232794 424

TRANSEARCH

www.transearch.com

(+34) 630 460 768

TUDELA SOLAR, S.L.

UKA IBERIA

uka-group.com
(+34) 637 896 624
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URIA MENENDEZ ABOGADOS,
S.L.P,

VAALSOL SOLUCIONES DE IN-
GENIERIA ENERGETICA, S.L.

VACOE ENERGIA SOSTENIBLE

vacoe.es/
923150 767

VECTOR RENEWABLES

www.vectorenewables.com
(+34) 917 025 369

VERDIA LEGAL

www.verdialegal.com
932 400 200

VINCES CONSULTING

www.vincesconsulting.com

+34 917 02 47 37

VOLATEQ

www.volateq.de*

VOLTIQ

www.voltig.com

636 473 451

VULPES CONSULTORIA AMBIENTAL

vulpesambiental.com

655 664 408

SPANISH PHOTOVOLTAIC UNION (UNEF)

WATTSTOR
wattstor.com
+44 (0)7507719638
WATTWIN
www.wattwin.com
932 208 154
WFW
www.wfw.com
91515 63 00

WHEREVER SIM GMBH

es.whereversim.de
+34 951127 251

WHITE SUMMIT CAPITAL

whitesummitcap.com

*

WIND TO MARKET

WWW.W2m.es
91432 64 21

WORLDWIDE RECRUITMENT
ENERGY

energy.worldwiderecruitment.org
(+34) 647 462 396

YOUDERA

www.youdera.com
910 608 165

lkommab.com/en
695 864 206

www.360energy.solar
34 669 800 271

SPANISH PHOTOVOLTAIC UNION (UNEF)

www.abaste.com
914 179 963

www.abeienergy.com

957 9107 08

www.aboenergy.com/es
963 531180

soluciones.acciona-energia.com/hog-
ares

900 171 019

adamantrenewables.com/?lang=es

644737285

www.adober.es
985 308 941

www.aetron.es
679 780 616

afry.com
672 497 053

WWW.AGROENER.COM
(+34) 955 410 729

www.aico.cat/aicosen-serveis-ener-

albarenova.com
948 701 070

www.alfaglobal.es

963 52 60 80

alfasolenergia.es/
(+34) 621248 283

www.alternaenergia.com
902 559 228

altimiras.net/

938 891949

www.amda.es
976 531020

www.aodiberica.com

938 047 883

www.arctechsolar.com
914 599 826

getics
938 891 995 www.areaverdesolar.com
622 458 669
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www.aresol.com
941255 868

www.arteng.es

608 807 669

www.grupoartico.com
(+34) 636 250 181

www.asturmadireneergy.com
985 52 57 55

autosolar.es/
961430 113

avenirenergia.com

603419266

https:/awergy.com/
(+34) 865 572 826

www.axpo.com/es/es/nuestros-clientes.
html

915 947 170

azentua.es/

www.bai-solar.com
628 767 058

www.barterenergy.es

902 004 102

www.bdlenergy.es
954 218 103

belectric.com/en/
649681832

bikotesolar.com/

944 383 608

www.biokenergy.com
(+34) 629 071657

www.blueprom.com
93 702 3249

iberia.bmsgroup.com/
955602410

www.bogaris.com

639139 707

buzeidsolarinfo.wixsite.com/
buzeidsolar

697 764 409
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www.cansol.es
(+34) 685 077 987

cerfo.net/

691563 679

www.fcirce.es

976 976 859

CLEANSUN.ES
(+34) 630 021 095

www.coagener.com/es/

955 188 169

WWW.grupoproingec.com

911 852352

www.copsaec.com/
91663 6529 // 947 2417 33

SPANISH PHOTOVOLTAIC UNION (UNEF)

WWW.CREENSOLAR.COM
622246883

WWwWw.cres.es

(+34) 695 600 026

www.dargonenergy.com/index.
php/es/

677 341403

LOALNET.COM
(+34) 626 486 082

www.linkedin.com/in/
diegogfsolucioneselectri-
cas?utm_source=share&utm__
campaign=share_via&utm_con-
tent=profile&utm_medium=ios_app

654 529 951

www.diverxia.net

902 565 274

www.e4e-soluciones.com/
918 119 224

www.efelecenergy.com

948 049 366

www.eficecan.com
611 596 530

SPANISH PHOTOVOLTAIC UNION (UNEF)

www.ehstechniques.com
918 526 696

eiffageenergiasistemas.com

967 101707

www.eigeintegral.com
938468392

www.ekisolar.com
945 001 023

www.electrica-ng.es

619 253 549

www.electricidadisaac.com
983 880 458

www.emeren.com

919 047 034

www.endef.com

(+34) 629 409 194

https://enerclic.es/
952 020 580

http:/www.enerdos.es

(+34) 622 775 383

energiaaeterna.com

www.energreen.it

www.energyrenovables.es

(+34) 62814 85 99

www.energysolartech.com
910 070 265

www.enerhi.com

954 047 230

www.enerlandgroup.com/es/

(+34) 610 800 969
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692 910 974

www.enerpal.es
979 745 042

www.enerparc.de/es

(+34) 687 322 144

enerside.com
9367415 36

www.enex.es

(+34) 608 22 6318

eniplenitude.es/
653 126 961

609875307

www.ensights.ai

www.equipsolar.es

(+34) 682 041 991

www.escalarenovables.com

(+34) 651059 307

etersolar.com/

941185 710

www.euderenergy.com
911135 249

www.fichtner.de

WWW.FMP-ENERGIAS.ES
654 809 891

www.fotoenergy.es

915 661644

www.fotovol.com
972 645 684

619 283 131

www.freepower.es
935 724162

www.fridasolar.es

91840 90 35; 673 025 376

www.gampen.es/

670704855

www.geype.com
954 636 737

www.geesol.com
955 737 322

WWW.G-ENER.COM
687 434 369

www.generames.com
654 396 920

WWW.GENKIIL.LEN
681947 932

www.goldbecksolar.com

+49 62017103 576

www.greendyou.es

SPANISH PHOTOVOLTAIC UNION (UNEF)

www.greenar.tech
957 967 300

greencells.com/

(+34) 670 474106

www.greenkw.es
946 510 262

greensolver.net

+34 661165 835

next.greenvolt.com/en/
650 225 742

www.grupocobra.com

914 569 500

http:/grupoincoma.es/
(+34) 654 625 706

WWwWWw.inima.com

910 505 250

www.heliosolar.com

34 948 853 099

www.homeserve.es
911774 593

SPANISH PHOTOVOLTAIC UNION (UNEF)

www.honrubiasolar.es/

(+34) 617 127 092

www.iasol.es

976 070 317

www.ibersun.es
946 038 084

WWww.icoenergia.com

34 912 569 955

https:/www.idenergy.group/
(+34) 926 2163 43

https:/www.iguenergy.com/
647 034 760

WWW.jjessolar.com

966 295 877

https:/www.ikav.com/
(+34) 661433 958

www.imenergy.es
910 299 277

www.impulsosolar.eu

(+34) 615 211 216

https:/www.incalexa.com/

(+34) 622 789 488

www.inel.es
962 917 014

www.inesol.es

913 681504

www.infinitysun.es
937 869 917

www.ingematis.com
984 283 1M

www.ingenia2l.com

677 50 34 61

www.ingesprin.com
617 709 495

www.initen.com
922 332 21

(+34) 627 903 058

www.inoveingenieria.com/
667 18 66 28

www.insolacrenovables.com
954 529 942
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https:/sud.cat

www.instella.es

(+34) 677 876 185

www.intelec-ingenieria.com

953 884 997

www.intelium.es

868 085 888

www.intienergia.com

971299 674

iplangestion.com/
613 79 82 53

www.irradiaenergia.com/

(+34) 610 786 601

isemaren.com/

(+34) 680 521407

www.isotrol.com/
955 036 800

www.powen.es
900 535 795

www.itecla.es
636 215 213

www.izharia.com

91603 02 17

www.kenergy.nl
+3120 4917150

kepton.solar

932224989

WWW.pi-berlin.com
(+34) 681 007 567

kolya-pne.com/

656 829 560

www.konery.com

(+34) 686 163 004

kwsolutions.es/
952 002 000

www.kyreon.es
667 915 671

www.ledtse.com

www.lilanenergy.com
944185 777

www.luznaturalautoconsumo.es

635 463 737

solarcanariasautostenible.online/
presupuestos

magtel.es

957 429 060

renovables.masnorte.es

(+34) 667 766 703

www.mbsolar.net
948 072 091

SPANISH PHOTOVOLTAIC UNION (UNEF)

www.meins.es

603 405 829

www.meteocontrol.com

+34 911 980 753

www.metka-egn.com

www.ministryofsolar.com

(+34) 644 77 57 16

www.moneleg.es

(+34) 686 949 363

www.grupomorerayvallejo.es
954 318 000

https:/mvscada.com
685 540 752

(+34) 653 236 118

SPANISH PHOTOVOLTAIC UNION (UNEF)

(+34) 606 765 008

www.neositec.es

661493 316

www.ness.es
(+34) 67999 7513

606 728 986

www.nexer.es

(+34) 627 250 509

www.nexun.eu

617 138 325

www.fotovoltaica.nievesenergia.

com/

(+34) 619 049 633

www.nmingenieria.es/

644 056 555

www.norsol.es
947 233 082

nova-renovables.com/es/

626 859 993

novaluz.es
644 815 865

www.obremo.es

*

ocaglobal.com/es

+34 659 08 44 10

octopusenergy.es/
900 759 190

okamipower.com/

(+34) 656 3169 66

www.onplussol.es

(+34) 616 491 596

www.onalter.com
682 867 410

onesolar.energy
(+34) 679 791557

WWW.ONEXUS.EN
682 915 845

WWww.onrenovaenergia.com

0034 722 413 280

ontecenergy.com

(+34) 937 341585
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www.opengy.com
(+34) 664 321929

orsted.es

oryxpower.com

arup.com
34 915 239 276

https:/www.perfectaenergia.com/

*

https:/www.pgiengineering.com/
(+34) 690 828 477

WWW.pioneergreenpower.com

622244200

www.polardv.es

(+34) 629 424 561

www.powen.es

(+34) 666 759 591

93362 08 90

www.progressum.es
(+34) 682 443 099

WWWw.proyectapv.com
(+34) 629 254 284

www.pydesa.es

868 660 635

/www.quanticarenovables.com/

(+34) 609 016 509

www.quintoarmonico.es

983 347 641

http://ra-solar.es

913 835 827

https:/radenergy.es
(+34) 621391 417
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https:/ratedpower.com/

www.grupords.es/

968 353 400 / 691524 921

https://www.renergetica.com/
home-es

*

www.renovalia.com

915 904 070; 915 904 090

www.renovartia.net

(+34) 619 751 589

renowa.es

(+34) 677 540 297

Www.riosrenovables.com
948 840 056

www.risenenergy.com
(+34) 666 340 762

www.romurenovables.com

*

https:/SABIAES

SPANISH PHOTOVOLTAIC UNION (UNEF)

(+34) 651845 403

www.saufer.com

973208060

https:/schlaich-dauss.com/
930 107 593

WWW.gruposecoex.com
900732731

seyses.com/es/
680858718

www.sferaone.es/

927224693

www.sicame.com/es/nuestras-solu-
ciones/energias-renovables/ener-
gia-solar

sigcoop.com/
(+34) 613 007 129

www.silmaingenieria.com/
987403675

(+34) 656 979 003

SPANISH PHOTOVOLTAIC UNION (UNEF)

www.solardelvalle.es
957771720

www.solarcasa.cat
(+34) 635 557 504

solardrone.es/
623101644

www.solarig.com
910 571 818

SOLARMENTE.ES

WWWw.solarspacepower.com

(+34) 619 970 465

www.solartecrenovables.com

691651 021

solartradex.com
931696 597

solartree.es

(+34) 629 212 284

solitenergia.com
935 950 960

www.solsulet.com

722 532 393

https://sotysolar.es/
(+34) 685 608 158

www.sud.es

938866948

www.sulmag.com
649435635

WWwWw.sun365.es

(+34) 669 630 822

www.sunergiasistemas.es

91684 5749

www.sveasolar.es

(+34) 666 111 944

www.switchdrone.com
644485332
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www.tauber-solar.de
(+34) 607 911 799

www.tdi-sistemas.com
683129950

http:/terra-nova.es/

www.tksol.eus

610389558

www.tramiting.es
677453067

(+34) 617 800 728

www.hemag.info

913814570

www.tta.com
34934463234

Tucson-energy.com

625383231

www.tvant.es

609584300

www.uenergia.es

https:/www.umbrella-e.com/

www.univergysolar.com

9142120 80

urbisolar.com/

(+34) 694 499 662

www.v3jingenieria.com
963519341

www.valfortec.com
964 062 901

WWW.VIPRESOL.COM
34 654 313 851

www.viridire.com

91527 7176

www.voltalia.com
91425 84 59

www.voltecnia-led.es

(+34) 639 127 956

www.wattsolar.es
670 583 787

https:/www.winrg-iberia.com/es
643192 412

https:/www.wsp.com/es-ES
942 290 260

xesmega.es
988616781

wWww.y-tu.es

876 0213 51

SPANISH PHOTOVOLTAIC UNION (UNEF)

www.zelestra.energy

*

www.zonarenovable.com
651840175

PRODUCERS

2SOLAR BY SOLLIT

2solar.nl/en
31624 412 627

ABACO ENERGY, S.A.

https:/www.abaco.energy/

ADMINISTRADORA SOLAR
HISPANO ALEMANA SL (AD
SOLAR)

https:/www.adsolar.es/

AGR-AM
(+34) 638 063 793
AGROLLUM
www.agrollum.com
(+34) 619 700 179
AJUSA
https:/ajusa.es/
967 216 212
ALDESA
https:/www.aldesa.es/
913 819 220
ALENER
https:/alener.es/
954 996 100

SPANISH PHOTOVOLTAIC UNION (UNEF)

ALEPH CAPITAL

https://alephcapital.es/
(+34) 663 124 224

ALTEN ENERGIAS RENOVA-
BLES

B&G ENERGIE SOLUTIONS CA-
NARIAS SL

https:/bgenergies.com/

BENBROS ENERGY

www.alten-energy.com
915630990

ANUDAL, S.L.U.

https:/www.anudal.com/
609961220

AQUILA CLEAN ENERGY

https:/www.aquila-clean-energy.
es/

915 119 050

AS GREEN ENERGY1S.L.

http:/www.aersoleir.com

ATLANTICA

www.atlantica.com
955643856

AUDAX

https:/www.audaxrenovables.com

93 240 53 06

AUKERA BV

https:/www.aukera.energy/

AVINTIA

https:/www.grupoavintia.com/divi-
siones-grupo/energia/

91512271

AZORA

https:/www.azora.com/es/

689911518

https:/benbros.es/
(+34) 673 626 526

BITTER TWINS HUESCAR SO-
LAR, S.L.U

BNZ ENERGY

http:/www.bnz.energy/
(+34) 690 093 424

CA INFRAESTRUCTURAS COR-
PORATIVAS S.L.

CASTELLANA DE ENERGIA
FOTOVOLTAICA, S.L.

CEPSA

https:/www.cepsa.com/es

CERO

www.cerogeneration.com

CERO GENERATION SERVICES
LTD.

https:/www.cerogeneration.com

CIP
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PRODUCERS EDINOR ENGIE ESPANA
https:/cipartners.dk/ www.edinor.eus https:/www.engie.es/
91310 62 70
COX ENERGY EDORA ERG SPA
www.coxenergy.com WWW.GRUPOEDORA.COM https:/www.erg.eu/en/home

(+34) 608 528 568

CTG EU

EDP RENOVABLES ESPANA

ESPARITY SOLAR

https:/www.ctg.com.cn/en/

CUBICO

https:/www.edpr.com/es
900830004

EKZ RENEWABLES AG (SUIZA)

www.esparitysolar.com
681134 112

ESTABANELL

https:/www.cubicoinvest.com/es/
664264333

CUBICO SUSTAINABLE IN-
VESTMENTS SPAIN, S.L.

CVE RENOVABLE ESPANA SL

DISA

https:/www.disagrupo.es/
922 238 700

DOMINION ENERGY

www.dominion-global.com/es
917 434 950

DYNEFF ESPANA, S.L.U.

EBL ESPANA SERVICES, S.L.U.

EDIBEL

www.edibel.es
627828929

ELAWAN ENERGY SL

https:/www.elawan.com/

ELOGIA TRANS UNO, S.L.

http:/www.elogia.es/

ENBWENERGIEBADEN-WURT-
TEMBERG AG

https://www.enbw.com/

ENCAVIS

https:/www.encavis.com/en

+49 40 378 562 147

ENDESA GENERACION

https:/www.endesa.com/es
912139391

ENERGIAS RENOVABLES SAN-
TA MARGARITA , S.L.U

ENERTRAG SE

https:/enertrag.com/es
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https:/www.estabanell.cat/
(+34) 676 898 122

EUROPEAN ENERGY

www.europeanenergy.com
+34 670474106

EUROWIND ENERGY SL

https:/eurowindenergy.com/es

34699451780

EVERWOOD CAPITAL

https:/everwoodcapital.com/
(+34) 911 332 757

EXCLUSIVAS
S.L.U.

MAQUIUSA,

FERROVIAL ENERGIA

https:/www.ferrovial.com/es-es/

91586 25 00

FF VENTURES

www.ffsventures.com

FOTONES DE CASTUERA, S.L.U.

SPANISH PHOTOVOLTAIC UNION (UNEF)

FRV

HILL ENERGIAS, S.L.

https:/frv.com/
9131912 90

FSL SOLAR, S.L.

HYP RENEWABLES SPAIN, S.L.

GALP NEW ENERGIES, S.A.

https:/hyperionrenewables.com/

+351215 875 400

IBERDROLA RENOVABLES

https:/www.galp.com/corp/es/
91714 67 OO0

GAUNAS FV S.L.

www.iberdrola.com

IBERIA SOLAR

GLOBAL BERING S.L.U

GREENALIA

greenalia.es

(+34) 616 825 425

GREENCOAT RENEWABLES

www.greencoat-capital.com
7730760037

GRENERGY

www.grenergy.eu
(+34) 648 257 821

GRUPO CAENRE ENERGIAS
RENOVABLES, S.L.

HANWHA CONVERGENCE

http://www.hanwhaconvergence.
com/en/

647 9175 91

HERGO RENEWABLES

647 9418 49

SPANISH PHOTOVOLTAIC UNION (UNEF)

www.iberia-solar.com

IBV SOLAR SPAIN

www.ibvogt.com

(+34) 650 572 476

IGNIS ENERGIA

https:/www.ignisenergia.es/

910059775

INSTITUTO DE INGENIERIA DEL
CONOCIMIENTO (lIC)

KGAL INVESTMENT MANAGE-
MENT GMBH & CO. KG (KGAL)

KMO ENERGY

kmO.energy
93193 90 99

LIGHT SOURCE RENEWABLE
ENERGY SPAIN

LIGHTSOURCE BP

https:/www.lightsourcebp.com/es/

+34 685851548

LUMINOUS RENEWABLE EN-
ERGY, S.L.

https:/www.luminous-re.com/

913309040

MAREAROJA INTERNACION-
AL, S.L.

MTB REN S.A.

www.iic.uam.es

https:/www.mtbren.com/

914 972 323 917816157
INVENERGY NADARA
https:/invenergy.com/es www.nadara.com
+34 917025369
IOSA GREEN ENERGY NAFTE

686 84 7129

IRIH

WWW.NAFTE.ES
976233132

NALA RENEWABLES

TECHNIQUE SOLAIRE

https:/www.nalarenewables.com

NATURGY RENOVABLES

https:/www.naturgy.com/inicio
900 100 251
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NETON POWER PRAENOR,S.L. RAIOLA FUTURE S.L.
www.netonpower.com
+34) 608 876 868
(+34) RECURRENT ENERGY
PRENERGY
NETRO ENERGY S.L. www.recurrentenergy.com
www.prenergy.es
https:/netro.energy/ 934870613

NEXWELL POWER

https:/nexwellpower.com/
722 259 508

NTEASER

Www.nteaser.com

OESTE SOLAR, S.L.

https://oeste.digital/energia-solar

OHLA ENERGY

https:/ohla-group.com/

OPDENERGY

www.opdenergy.com

(+34) 674 215 571

PAGOLA

PRODUCCIONES FOTOVOLTA-
ICAS ZAMORANAS

www.unef.es/es/asociado/produc-
ciones-fotovoltaicas-zamoranas

PROKON

www.prokon.net

(+34) 676 061293

PROSELCO, S.A.

615 423 967

PRYNERGIA

WWWw.prynergia.com
915 140 300

Q ENERGY

pagola@pagolaenergia.es
(+34) 670 995 315

PARQUE TECNOLOGICO ESGC

esgrancanaria.es

928 235 397

PLENIUM PARTNERS

www.pleniumpartners.com
914 448 494

POWERSTROOM TRES SL

+34 625818070

genergy.eu/europe/es/
(+34) 616 389 013

QAIR

WWW.QAIR.ENERGY
000 000 000

QNQ

www.gngproyectos.com
34 936 623 ON

QUINTAS ENERGY

www.quintasenergy.com
954 324 365

R.POWER

rpower.solar/es/
(+34) 636 82 43 11
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REDEN

https:/reden.solar/es/
917 373 617

RENEWABLE POWER CAPITAL

renewablepowercapital.com

(+34) 696 733 925

REPSOL

www.repsol.com/es/index.cshtml
917 538100

RIXIRABA ENERGIA SOLAR,
S.L.

RJE

www.rn-j.com/en/
+34 685 519 287

RP GLOBAL

www.carril-solar.es

(+34) 654 482 371

RWE RENOVABLES IBERIA

www.rwe.com/en/the-group/coun-
tries-and-locations/rwe-renewa-
bles-in-spain

(+34) 674127 857

SACYR CONCESIONES RENOV-
ABLES

www.sacyr.com/
628 989 318

SAETA YIELD

www.saetayield.com/

638 428 770

SPANISH PHOTOVOLTAIC UNION (UNEF)

SASKACHEWAN ESF S. L.

TAALERI ENERGIA IBERIA, S.L.

VERDIAN

SAT N° 1596 NUFRI SL

TECHNIQUE SOLAIRE

verdianpower.com/es/

VERSA

SERPENS ENERGY, S.L.

SHELL

www.shell.es/shell-energy-solu-
ciones-energeticas.html

(+34) 660 816 966

SMARTENERGY

www.smartenergy.net/

+34 963155 077

SOLAR VENTURES SRL

www.solarventures.it

39 027 621241

SOLEK

www.solek.com/es

+420 722 931678

SOM ENERGIA

www.somenergia.coop/ca

(+34) 872 20 25 50

SONNEDIX ESPANA

www.sonnedix.com

913186 71

SSE RENEWABLES

www.sserenewables.com

STATKRAFT

www.techniquesolaire.com

*

TECNOHUERTAS S.A.

TECNORENOVA SOLAR

www.tecnorenova.com

982 523 513

TERSA

www.tersa.cat

TINOJAL CONSULTING GROUP

TION RENEWABLES GMBH

tion-renewables.com/

TOTAL ENERGIES

totalenergies.com*

URORA POWER, S.L.

https:/cyopsa.es/
915 713 301

VESTAS RENEWABLE DEVEL-
OPMENT SPAIN

VILLAR DE CANAS GESTION, S.L.

VSB NUEVAS ENERGIAS

WWW.VSb-energias.es

(+34) 621276 9N

WELINK GROUP

WISEENERGY IBERIA SL

688 620 303

VELTO RENEWABLES

veltorenewables.com

www.statkraft.es/
+34 630500340

SPANISH PHOTOVOLTAIC UNION (UNEF)

www.wise-energy.com/

X-ELIO

https://x-elio.com/
911 770 010

ZE ENERGY

ze-energy.com

91368 57 31
33699662326
VERBUND GREEN POWER IBE-
RIA
www.verbund.com
667925693
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