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Executive Summary

The National Energy and Climate Plans (NECPs) are central to how EU member states aim to meet
renewable energy targets under the Renewable Energy Directive (RED Ill), including the crucial 5%
target' for new installed capacity from innovative renewable technologies. Our analysis of four
NECPs reveals significant limitations and gaps in addressing innovative renewables and highlights
broader challenges in integrating the 5% target in the short to long term.

Only two of the four countries explicitly reference the RED Il 5% target and provide some details on
technologies and plans for reaching this target. According to the European Commission, only 10

member states, including Denmark, Germany, and the Netherlands, have demonstrated clear
ambitions to pursue the 5% target for innovative renewable energy. However, the accompanying
staff working document elaborates that none of these three countries has established an indicative
target outlining how they intend to achieve this objective. The Commission must still offer
comprehensive guidance to help Member States achieve the target in an integrated, strategic way.

The key gaps we identified in our analysis include:

P Limited mention of the 5% innovative renewable target: Most NECPs lack robust roadmaps,
clear deployment strategies, or frameworks to implement and track progress toward the
5% target.

P A lack of definition, clarification, or discrepancies on what constitutes innovative
renewables: A harmonized, clear definition of “innovative renewable technologies” is
missing across NECPs and EU legislation, hindering alignment and funding clarity.

P Absence of long-term plans and integration roadmaps for innovative renewables: NECPs
focus primarily on 2030 targets without clear timelines, sector strategies, or plans for
scaling and integrating innovative technologies beyond this horizon.

P Overlooked high-potential innovative renewable technologies: Emerging technologies such
as concentrated solar power, perovskite PV, organic PV, space-based solar PV, enhanced
geothermal, closed loop geothermal, ultra deep geothermal, wave, tidal stream, ocean
thermal energy conversion, salinity gradient, and airborne wind are largely absent, limiting

diversification.

1 “Member States shall set an indicative target for innovative renewable energy technology of at least 5 % of newly
installed renewable energy capacity by 2030." Article 3(3b) of Directive (EU) 2023/2413 (“RED I1l")


https://commission.europa.eu/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-energy-and-climate-plans_en
https://commission.europa.eu/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-energy-and-climate-plans_en
https://commission.europa.eu/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-energy-and-climate-plans_en
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Following these findings, our recommendations are as follows:

P Establish a clear, harmonized definition of innovative technologies to clarify eligibility for
the 5% target and foster better coordination.

P Member states should explicitly detail how they will meet the 5% target in their NECPs,
including projected new installed capacity, specific cleantech, deployment volumes,
timelines, investment amounts, supporting instruments, and oversight entities. A
standardized template incorporating these elements could support this.

P Member states should develop integrated long-term roadmaps with clear intermediate
goals, earmarked funding, and coordinated demonstration and integration plans extending
beyond 2030 to provide certainty for continued emissions reductions and investment in
innovative renewables. This would embed the 5% target firmly into the long-term national
policies, to lay a foundation for future innovative cleantech development to support the
EU’s climate objectives for 2030, 2040, 2050, and beyond.
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Introduction

The starting point of this analysis is the 5% target set out in RED IlI, this directive mandates that
member states “shall ensure that, in the period from 1 January 2025 to 31 December 2030, at least
5% of the newly installed renewable electricity capacity contributes to the integration of innovative
renewable energy technologies.” This target is significant because it aims to accelerate the
deployment of cutting-edge solutions that are essential for achieving the EU’s long-term climate
and energy goals. Focusing on this provision allows for a clearer understanding of how innovation
is being prioritized within national energy strategies.

The National Energy and Climate Plans (NECP) are strategic frameworks developed by each EU
member state to outline how they will meet the European Union’'s climate and energy targets. As
the NECPS should outline concrete measures and commitments towards meeting these targets,
the NCEPs are a valuable starting point for assessing member states' measures. Covering the
period from 2021 to 2030, the NECPs aim to ensure a coordinated and transparent approach to
achieving the EU'’s collective climate goals. Each NECP includes national objectives and policies
across five key dimensions:

Decarbonization (including greenhouse gas emissions and renewable energy),
Energy efficiency,
Energy security,

Internal energy market, and

v v Vv Vv Vv

Research, innovation, and competitiveness.

These plans are updated every five years, with progress reports every two years, and serve both as
a planning tool for member states, with stakeholders and all levels of governance involved, and as
a monitoring mechanism for the European Commission to track EU collective progress toward
climate neutrality. The first plans were submitted in 2019, with updated drafts due by June 2023.
But at the time of writing, Belgium and Poland have not submitted their revised plans. On May 28,
2025, the European Commission published its evaluation of the NECPs, evaluating the ambitions
and roadmap for achieving the climate goals for 2030.

Out of the 24 submitted NECPs, we have begun our analysis with a focus on four member states:
Denmark, Germany, the Netherlands, and Spain. These countries were selected based on their
relevance to current political developments, notably Denmark's EU presidency, and with the aim of
ensuring a balanced representation in terms of geography and population. We intend to extend this
analysis to ten countries in the second half of 2025.


https://eur-lex.europa.eu/eli/dir/2023/2413/oj/eng
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_1337
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Figure 1: Emissions reductions targets by country and year

Methodology

This analysis examines how the NECPs address innovative renewable technologies and related
research and innovation in different member states. We analyzed the following elements for each
country: national climate targets, key legislative and guiding frameworks, enabling funding and
support structures for innovation and research, and ambitious goals for renewable energy
generation towards 2030. We laid special focus on whether the NECP addressed innovative
renewable technologies in line with the RED Ill directive. We analyzed the NECPs, looking at

references and the type of engagement with the technologies that FCA identified as innovative, and
reflected on these findings in the context of the respective member state. In the second half of
2025, we intend to add more countries to the analysis to provide a more comprehensive picture of
how the EU member states are engaging with the 5% target and innovative renewable energy
technologies.

In the introductory part of the country profiles, we establish a reference for how EU member states
perform on innovation in general, by stating how each country ranks on the European innovation

scoreboard. We also provide a reference for how member states are doing on climate action
through stating their ranking on the Climate Change Performance Index (CCPI). The analysis in this

reportitself relies solely on the basis of the information provided by member states in their NECPs.


https://eur-lex.europa.eu/eli/dir/2023/2413/oj/eng
https://research-and-innovation.ec.europa.eu/statistics/performance-indicators/european-innovation-scoreboard_en
https://research-and-innovation.ec.europa.eu/statistics/performance-indicators/european-innovation-scoreboard_en
https://ccpi.org/
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Defining Innovative Renewables

"

The RED Il directive’s definition for innovative renewables is referred to in Article 2: “'[IInovative
renewable energy technology’ means renewable energy generation technology that improves, in
at least one way, comparable state-of-the-art renewable energy technology or that renders
renewable energy technology that is not fully commercialized or that involves a clear degree of risk

exploitable.”

For Future Cleantech Architects (FCA), while conventional renewables continue to improve in key
performance metrics, innovative renewables pioneer different approaches that provide substantial
learnings that are associated with strong cost reductions compared to the status quo of the
respective technology, and high capacity factors. Innovative technologies are usually not yet cost-
competitive and thus require government support. In the case of solar PV and wind, the learning
curves only reached fossil-fuel prices after many doublings of total installed capacity supported by
public measures.

Levelized cost of electricity
World average

500 US% / MWh Concentrated solar
200US$/Mwh |  Solar
Fossil price range OGS S
... 123
: . .
50 US$ / MWh Onshorewind @,
{ _ -
2023
10 US$ / MWh
1G6GW 10 GW 100 GW 1000 GW

Figure 2. Global trends in Levelized Cost of Electricity (LCOE) by technology (2010-2023). Source: IRENA 2024

Applying this definition, FCA focused on the following technologies: concentrated solar power (CSP),
perovskite PV, organic PV, space-based solar PV, enhanced geothermal, closed loop geothermal,
ultra deep geothermal, wave, tidal stream, ocean thermal energy conversion, salinity gradient, and
airborne wind.
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Figure 3:Innovative renewable energy technologies and their technological readiness

Main Findings

Building on the methodological framework, the following section presents FCA's reflections on the
NECPs of the four selected countries, with a specific focus on the treatment and integration of
innovative renewable technologies.

Our main findings are:
P Limited Mentions: Only half of the countries reference RED IlI's 5% target for innovative
renewables
P Lacking: a clear definition of “innovative renewables”
P Missing: Long-term plans and integration roadmaps for innovative renewables

P Overlooking: high-potential innovative renewable technologies

The NECPs are comprehensive documents that are rich in information. However, the lack of
consistency in data presentation, such as varying calculation units and formatting discrepancies,
and the use of an automated translator, pose challenges to cross-country comparison and analysis.
These inconsistencies make it challenging to extract accurate figures and limit the NECPs'
effectiveness as enabling policy tools.
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Figure 4. Countries mentioning the REDIII 5% target in their NECPs

Limited Mentions: Only half of the countries reference RED lllI's 5% target for innovative

renewables

Out of the four countries analyzed, only Spain and Denmark explicitly reference the EU-wide target
of achieving 5% of new installed capacity from innovative renewables. While all four NECPs
acknowledge the role of innovative technologies more broadly, only Spain and Denmark provide a
section reflecting on how to meet the 5% objective, including dedicated sections and accompanying
technology lists.

Lacking: a clear definition of “innovative renewables”

A clear definition of innovative technologies is missing across all four NECPs. In the RED Il and Net
Zero Industry Act (NZIA), there is likewise a lack of a clear (non-binding) list of innovative renewable
energy technologies. This ambiguity hinders alignment and comparability among member states.
While it is unrealistic to prescribe a uniform set of technologies due to national differences and
rapid technology development, the NECPs should outline a broad range of innovative options to
guide countries toward meeting the 5% target in line with their capacities, EU guidelines are needed
to enable this.
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Missing: Long-term plans and integration roadmaps for innovative renewables

The integration of innovative renewables across member states remains uneven, with varying
levels of definition, detail, and strategic commitment. Spain and Denmark align more closely with
innovation policy frameworks, while Germany and the Netherlands emphasize infrastructure,
hydrogen, and electrification but provide limited direction on innovative renewable technologies.

All four NECPs lack clear priorities, deployment timelines, and sector-specific strategies for
innovative technologies. None present a structured plan to phase out outdated technologies or
scale up early-stage solutions, highlighting a gap between R&D and market integration.

Some NECPs include funded pilot projects and innovation sandboxes, signaling growing recognition
of their value. However, these efforts often lack long-term funding, commercialization strategies,
and risk-sharing tools, critical elements for moving beyond experimentation to full-scale
deployment. All four NECPs also lack a clear vision beyond 2030 and without forward-looking
strategies for 2040 and 2050, member states risk missing critical opportunities to invest early in
next-generation energy solutions.

Overlooking: high-potential innovative renewable technologies

Beyond the individual interpretation of each country on what innovative renewables are, key
innovative technologies identified by FCA, such as ocean technologies, perovskite PV, airborne
wind, organic PV, space-based solar, salinity gradient, and various forms of advanced geothermal,
are largely absent or only briefly mentioned in the NECPs. This signals a narrow focus on
established technologies over diversifying with innovative options.

Countries like the Netherlands, Germany, and Spain actively engage in EU-level initiatives such as
the Strategic Energy Technology (SET) Plan and Important Projects of Common European Interest
(IPCEI), reflecting a strong commitment to collaboration and driving innovation. However,
participation in EU initiatives alone does not substitute for national ambition. Concrete
investments, risk-sharing mechanisms, and structured implementation plans are essential to
translate innovation into impact. On a positive note, all countries actively participate in EU-level
funding programs, such as Horizon Europe, the SET Plan, and NextGenerationEU, and collaborate
through industrial partnerships in areas like offshore wind and storage. These efforts reflect a
shared European commitment to accelerating innovation.

Approaches to funding innovation also remain inconsistent. The ongoing lack of definitions, unclear
link between technological readiness level (TRL) and funding possibilities, and limited dedicated
funding make it difficult to gauge the strength and direction of national innovation strategies.
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Figure 5. Country engagement with FCA focused technologies

Figure 6 gives an overview of the four analyzed countries' renewable energy goals for 2030, and
based on this, along with current renewable energy capacity, what the 5% target would be realized.
The figures for each country is further reflected upon in the respective country profiles.

Based on the 2030 renewable energy (RES) targets outlined by member states in their NECPs, FCA
has calculated the additional renewable energy capacity (in GW) required beyond the levels
recorded in 2023. According to the RED Il directive, 5% of this additional capacity must come from
innovative renewable sources. FCA has provided an overview of these required amounts in the table
below. The 2023 figures for each country are drawn from Eurostat's “Electricity production

capacities for renewables and wastes"” dataset, while 2030 targets are sourced from the respective

NECPs. Both numbers account for national solar and wind capacities.

For Denmark, the values also include hydro, waste, biogas, and geothermal capacities in order to
reflect the fact that these categories are reflected in Denmark’s NECP. The same applies to Spain'’s
values which additionally encompass ocean capacity. The 5% target is calculated based on the
difference between each country’s 2030 goal and its 2023 capacity.

10


https://ec.europa.eu/eurostat/databrowser/view/nrg_inf_epcrw__custom_17111266/default/table
https://ec.europa.eu/eurostat/databrowser/view/nrg_inf_epcrw__custom_17111266/default/table
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Figure 6. Country renewable energy projections and the needed 5% amount needed.

Recommendations

According to the European Commission (EC), only 10 member states have clearly stated their
ambition for the achievement of the RED IllI's 5 % target. The EC should seize the opportunity to
provide member states with clear recommendations and guidance on how they should engage with
this target in a more in-depth and integral way, and promote innovative renewables through policy
measures and innovation criteria.

We would recommend establishing clear guidance on innovative technologies, including a list. In
this regard, the use of TRL metrics could be useful in showcasing what can be included in the 5%
target, as well as capacity factor and scalability potential. This will make it easier for member states
and the EC to harmonize efforts and understanding. Furthermore, a shared understanding and
definition will enable greater collaboration between and across member states, ultimately
accelerating the development and deployment of innovative renewable technologies across the EU.

Moreover, member states should outline explicitly how the 5% target will be met, how much the 5%
will be reached by the projected newly installed capacity, including which technologies will be used

11


https://commission.europa.eu/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-energy-and-climate-plans_en
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to achieve this, how these will be deployed and the volumes of which they will contribute. This
should be combined with a timeline, connected to the investment needs and plans for integration.
A standardized innovative template could be introduced in the NECPs, where countries could
provide the aforementioned information along with the amount invested to support this, which
instruments would be used to underpin the development and which entities would oversee this
journey.

Despite the NECPs focusing on the 2030 target, it is also crucial to integrate these plans deeper
into a future-oriented roadmap that goes beyond 2030. Situating the NECPs into a longer-term
plan, inserting the tone of commitment to persistent emissions reductions and continued
investment in innovative cleantech technologies is crucial to instil. The 5% target should be clearly
integrated into national policies, serving as a building block for future innovative climate
technologies and contributing to reaching climate targets of 2030,2040,2050 and beyond.

12
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Country Profiles

Denmark

Denmark's history and geographical position have naturally led to a strong focus on renewable
energy, particularly wind power. Denmark’s strategic location also enables extensive collaboration
with other EU member states on expanding renewable energy solutions (RES) and developing
hydrogen and carbon storage networks, which are already well explored. In the research and
innovation budget, priority is given to the development of technologies for carbon capture,
utilization, and storage (CCUS), as well as power-to-X (PtX) solutions.

Main Climate Targets: 2030, 2040, 2050

P 70% emissions reduction by 2030 compared to 1990 levels
P Climate neutrality by 2045
P 110% emissions reduction by 2050

Main National Regulations for Climate, Energy, Research & Innovation

P The Climate Law (2019) enshrines the reduction targets mentioned above into the law and
sets an obligation to set milestone targets every 5 years with a 10-year perspective. The
next climate targets need to be agreed upon in 2025 for 2035.

P The National Energy Crisis Cell (NEKST) (2023) was established to identify and remove barriers

to the green transition. It has three main working tracks: “Goodbye to gas in Danish

"o

homes”, “More sun and wind on land,” & “Faster expansion of the power grid",

P Green Power and Heat (2022) is a framework to ensure a four-fold increase in total electricity

generation from solar and land wind by 2030. The state is to play a pivotal role in the
planning of the energy parks underpinning this ramp-up.

P National Green Research Strategy (2020) “The Green Solutions of the Future — Strategy for Investing

in Green Research, Technology and Innovation outlines the long-term strategic course for green

research for Denmark to reach their climate targets. The strategy introduces four research
missions: CCUS, Green fuels for transport (PtX), Climate and environment-friendly
agriculture and food production, and Recycling and reduction of plastic waste, with an

additional seven subtopics and concrete initiatives being launched in the strategy. The

mission-driven approach was reinforced in 2024 by allocating € 2.1 billion (15 billion DKK)

more investment in green reach and innovation by 2030.

13


https://www.retsinformation.dk/eli/lta/2021/2580
https://www.kefm.dk/klima/nekst-den-nationale-energikrisestab
https://www.regeringen.dk/media/11470/klimaaftale-om-groen-stroem-og-varme.pdf
https://ufm.dk/en/publications/2020/green-solutions-of-the-future-strategy-for-investments-in-green-research-technology-and-innovation-1
https://ufm.dk/en/publications/2020/green-solutions-of-the-future-strategy-for-investments-in-green-research-technology-and-innovation-1
https://ufm.dk/en/publications/2020/filer/green-solutions-of-the-future
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Budget dedicated to Climate, Energy, Research, & Innovation

The main funding channels for research and innovation are:

National Green Research Strategy

Danish Innovation Fund

Danish Free Research Fund

Energy Technology Enlargement and Demonstration Programme (EUDP)

Environmental Technology Development and Demonstration Programme (MUDP) and

Green Enlargement and Demonstration Programme (GUDP)
ELFORSK - a part of EUDP

v v Vv Vv Vv Vv Vv

In 2023, it was agreed to maintain a funding level for green research of at least €322 million (2.4
billion DKK) until 2025. In 2024, €347.36 million (2.6 billion DKK) was earmarked for green research.
The remaining € 45.32 million (338.2 million DKK) is for green research, technology development,
and innovation in the seven subtopics as set out in the National Green Research Strategy.

The Danish Innovation Fund's spending earmarked for the green area in 2024 was € 88 million
(656.5 million DKK), of which € 42.7 million (318.3 million DKK) was allocated for the realization of
the four green missions:

P Capture and storage, or use of CO2,

P Green fuels for transport and industry (PtX, etc.),

P Climate- and environment-friendly agriculture and food production,
4

Circular economy with a focus on plastics and textiles.

The EUDP receives the most funding of the three development and demonstration programs. The
main objective of EUDP is to support initiatives to develop new technologies and systems solutions
that can displace fossil fuels, increase energy efficiency, and at the same time boost green growth
and job creation.

In 2020, the EUDP received a new strategy for 2030, focusing in particular on eight areas reflecting
the challenges facing society in the coming period. The areas include renewable energy, energy
efficiency, electrification and sustainable fuels (PtX, etc.) for transport, flexible electricity use, grid
expansion and digitalization, and CCUS. A total of €72 million (543 million DKK) was allocated to the
development of new energy technologies through the EUDP in 2023. In 2024, the amount was €
69.9 million (521.7 million DKK). Since its establishment, the EUDP has supported 1200 projects
with more than € 831.4 million (6.2 billion DKK).

14


https://ufm.dk/en/publications/2020/filer/green-solutions-of-the-future
https://innovationsfonden.dk/en
https://dff.dk/en
https://eudp.dk/en/om-eudp
https://innovayt.eu/funding/mudp/
https://lbst.dk/Media/638548262400099803/ORDD9_Guidelines_(UK).pdf
https://ens.dk/tilskud-og-puljer/elforsk
https://ufm.dk/en/publications/2020/filer/green-solutions-of-the-future
https://eudp.dk/files/media/document/EUDP%20og%20GLDK%20Strategi%202024.pdf
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The ELFORSK supports innovative projects in the electrification and greening of the energy system,
focusing on efficient energy use and flexibility solutions, operates under the EUDP and has an
annual budget of € 3.35 million (25 million DKK).

Renewable Energy (GW) Installed by 2030

On the basis of the formula created on the objective criteria in response to the Governance
Regulation (2018/1999)°, Denmark’s share of renewable energy in final energy consumption must
be at least 58 %, with a 42.5 % target, and 60 % in 2030 for an EU target of 45 %, Denmark expects
to exceed this by a significant margin, of 73.8 %.

Denmark expects the share of renewable energy to exceed 110 % in 2030. Currently, 82% of the
total energy production is from renewable energy sources, with a production of 36 TWh (Key 6
figures). The expansion of RESs is tied to the national use, export, and production of PtX for the use
of fuels, aircraft, ships, and heavy transport.

Moreover, Denmark has the ambition to increase the renewable energy capacity fourfold to
approximately 50 TWh by 2030 from solar and rural wind. Danish wind farm planning is tightly
connected to the government, which is launching co-state-owned GW capacities. Offshore wind
farms in the North Sea and the Bornholm energy island will support the creation of a total offshore
wind capacity of around 19 GW by 2030. The energy island of Bornholm is expected to have a
capacity of 3 GW, 6 GW of radial sea wind, and an energy island of the North Sea of 10 GW.

Regarding EU-wide collaboration, the Esbjerg declaration was signed by Denmark, Belgium,
Germany and the Netherlands and set the target of delivering at least 65 GW of seawind in 2030
and of increasing capacity to at least 150 GW by 2050. Furthermore, the Marienborg Declaration

was agreed upon, setting a common ambition to establish at least 19.6 GW of offshore wind in the
Baltic region by 2030 for Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland and
Sweden.

Focus on Innovative Renewables

Denmark clearly addresses the target set in the revised Renewable Energy Directive, as shown in
the following extract:

2 Regulation (EU) 2018/1999 on the Governance of the Energy Union and Climate Action

15


https://ens.dk/en/analyses-and-statistics/key-figures
https://ens.dk/en/analyses-and-statistics/key-figures
https://www.en.kefm.dk/Media/637884571703277400/The%20Esbjerg%20Declaration%20(002).pdf
https://www.regeringen.dk/media/11544/the-marienborg-declaration-_300822.pdf
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“Pursuant to Article 3(1) of the revised Renewable Energy Directive (lll), Denmark shall set
an indicative target for innovative renewable energy technology of at least 5 % of newly
installed renewable energy capacity by 2030. Denmark relies on the 5 % target and expects
to meet the target, as the share of innovative RES is expected to be 24 % in 2030."

“For Denmark, the calculation based on new capacity is expected to relate to:

1. Geothermal

2. Large heat pumps for production of district heating

3. Exploratory wind turbines

4. PtX, including e-methane

5. Renewable generation associated with energy islands

6. Storage capacity for stocks linked to wind turbines and photovoltaic parks;

7. Seasonal storage for solar thermal installations in the district heating sector

8. Pyrolysis gas™.

“The installation of large heat pumps, electricity storage, and PtX plants are the main
investments in innovative RES. Wind turbines coupled with electrolysis on energy islands
are not assumed in the projection. However, if such plants are built, the share of innovative
RES will increase significantly”. Figure 1 provides an overview of the contribution of each
technology up till 2030".

3 The Danish NECP, p.44
4 The Danish NECP p.45

5 The Danish NECP p.45

16
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Table 9
Innovative objective

Creation of new

e Creation of new innovative renewable energy capacity (MW)

capacity
Electricity District heating
Electricity R°™°Y®"  Biogas Heat Experimental- g0, PTX Heat Geothermia Share (%)
heat pumps mills island pumps

025 2820 580 120 140 0 0 360 100 130 0 16
2026 3150 2410 270 230 150 0 360 1030 360 0 1
027 4360 2690 480 350 150 0 660 1030 690 0 32
2028 4340 2840 560 460 150 0 660 1030 930 0 34
2029 4980 3240 660 560 150 0 660 1030 1330 0 34
2030 9290 3530 790 670 150 0 660 1030 1540 100 24

Figure 7. Innovative objectives for 2030, Table 9, the Danish NECP, p.45

Assuming the ambitions of renewable energy projections given in the NECP, Denmark wishes to
reach a renewable energy supply of 42.8 GW, while currently the level is 11.2. This would mean an
increase of 32.7 GW by 2030, of which 1.66 GW should be from innovative renewables if the RED
[l targets are to be met, as illustrated in Figure 6.

Key Takeaways from Denmark’s NECP

The Danish NECP formally addresses the 5% innovative renewables target under RED Il and
forecasts a 24% share of innovative renewables by 2030.

While Denmark shows commitment to achieving and exceeding the target, the NECPs lacks depth
in the support to breakthrough technologies that would align with FCA's classification of innovative
RES, such as CSP, Perovskite PV, Organic PV, Space-based solar PV, enhanced geothermal system,
closed-loop geothermal, ultra-deep geothermal, ocean thermal energy conversion, salinity
gradient, airborne wind, fusion.

The NECP defines “innovative” broadly, including technologies such as large heat pumps and PtX
installations, which cannot be considered as highly innovative renewable technologies because
these technologies are already in or close to the market. These are often considered mature or
incremental innovations rather than breakthrough or disruptive.

17



Future
Cleantech
@) Architects

While Denmark is a leader in renewable deployment, the NECP does not outline specific measures
or funding mechanisms for innovative renewables. Even if these are not yet commercially viable,
NECPs could ideally include roadmaps, pilot projects, or R&I funding earmarks to prepare for their
potential future role. Demonstration areas for next-generation renewable technologies or
innovation-friendly procurement rules will be crucial, for instance. Explicitly mapping how existing
programs (EUDP, ELFORSK) will support early-stage technologies beyond PtX and heat pump
scope would give a clear signal to the ecosystem and the market.

This approach may fulfill RED IllI's numerical threshold but does not entirely meet the spirit of the
target to accelerate the uptake of high-risk, high-reward innovations.

18
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Germany

In its NECP, Germany focuses on the expansion of renewable electricity production, grid
modernization, and the decarbonization of industry, specifically industrial production and green
hydrogen. Due to Germany's federal system, the engagement of stakeholders across the country
is acknowledged and facilitated in the Climate Neutral Electricity System Platform, ensuring
integrated and efficient electricity market design. Regional cooperation is viewed as a core
component of Germany's energy and climate transition, with renewable electricity projects with
Denmark and the UK, and hydrogen projects with the Netherlands and Norway. Germany is a highly
interconnected country with collaborative relations in the climate field, in the form of the
Pentalateral Energy Forum, the North Seas Energy Cooperation and Baltic Energy Market
Interconnection Plan. Germany ranks 16" on the CCPland 12" on the EIS.

Main Climate Targets: 2030, 2040, 2050

» 65 9% emissions reduction in 2030
» 80% emissions reduction in 2040

P Neutrality in 2045 and negative emissions in 2050

Main National Regulations for Climate, Energy, Research & Innovation

P Federal Climate Change Act (Bundes-Klimaschutzgesetz) (KSG) (2019), which was

amended in 2024, commits Germany to achieving a 65 % reduction in 2030 and net
greenhouse gas neutrality by 2045, and negative emissions by 2050.

P Federal Climate Adaptation Act (2023) is a strategic framework for climate adaptation for

all administrative levels in Germany.

P The Renewable Energy Sources Act (EEG 2023), states that by 2030, at least 80% of gross

electricity consumption in Germany is to come from renewable energy sources.
P The Onshore Wind Energy Act (2023) and the Offshore Wind Energy Act (2023) are

legislative acts which set specific land-use and capacity targets and streamline planning

and permitting processes.

Budget dedicated to Climate, Energy, Research & Innovation

The primary funding tool for research and innovation is the Climate and Transformation Fund (KTF).
It spans from 2024 to 2027 and manages a budget of €212 billion. However, due to a court
ruling,the higest constitutional court, the fund is currently missing 45 billion. Germany’s national

carbon pricing system for fuels, partially funds climate and green innovation projects. The revenue
primarily flows into the KTF, which supports various decarbonization initiatives, including;

P Renewable energy expansion (e.g., offshore wind, solar)
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P Energy efficiency measures (e.g., building renovations, industry modernization)
P Green hydrogen and Industrial Transformation

P Electrification of transport and public mobility projects

From 2027, the EU ETS 2, the extended emissions trading system for buildings and road transport,
will replace BEHG, meaning that the revenue will be will be spent on climate and social measures
under the Social Climate Fund.

The Energy Research Programme, currently the 8th, is funded by Federal Ministry for Economic
Affairs and Climate Action( BMWHK), adopted in 2023 and will run until 2027, supporting Germany
to reach their 2045 climate goals. This is @ mission-oriented innovation policy funding mechanism
that funds projects for technologies from technology readiness level 3-9. The Strategic Energy
Technology Plan (SET) has been taken into account when formulating the 8th programme, ensuring
alignment with EU priorities.

The five focus areas of the current energy research program are:
P Resilient and efficient energy system: Mission Energy System
Climate-neutral heating and cooling supply: Mission Heat Transition

>
P Conversion of the electricity supply to renewable energies: Mission Electricity Transition
P A sustainable hydrogen economy: Mission Hydrogen

4

Rapid transfer of research results into practice: Mission Transfer

For the period 2018-2022, €6.2 billion was available for research and development. In 2022, the
Federal Government invested €1.49 billion under its Energy Research Program. Additional
expenditure on energy research by the regional level (Lander) totaled at approximately €387 million
in 2020.

Already started in the 7" Energy Research Program “regulatory sandboxes of the energy
transition,” they are carried on in the 8" Program under the Transfer Mission.

Under the German Recovery and Resilience Plan (DARP), 3 climate and transformation funding
programs are run by BMWK, partly funded by the EU with €2.5 billion:

P Carbon Contracts for difference,
» IPCEl Hydrogen

P Decarbonization of industry
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Moreover, the national decarbonization Federal's fund for industry and climate act program focuses
on minimizing emissions from the industrial sector, particularly aiming for the largest reductions
during the production of emission-intensive goods. It funds fields of development, demonstration,
and market launch and is implemented by the Competence Centre on Climate Change Mitigation in

Energy-Intensive Industries (KEI). In the NECP, there is no elaboration on the budget, timeframe, or

number of projects under this program.

Additionally The National Climate Initiative (NKI) (2008) run by the Federal Ministry for Economic
Affairs and Climate Action (BMWK), focuses climate action and funding on the municipal level and

Climate Neutral Electricity System Platform (2023) provides a platform aimed at ensuring the

involvement of stakeholders from politics, business, science and civil society in developing a
climate-neutral electricity system what are these

Finally, the 2022- 2027 Clean Energy Transition Partnership is a co-funded partnership that

collaborates on international research of energy system transformation. Six joint calls are planned
under the partnership term. The topics covered in the calls are also covered in the 8" energy
research program.

Renewable Energy (GW) installed by 2030

In 2022, 260.6 TWh of renewable electricity was generated in Germany, a share of 47.6 % of
renewable energy in gross electricity consumption.

In its NECP, Germany sets the plan to have 80% of gross electricity consumption produced using
renewable energies by 2030, equal to 600 TWh. A total of 360 GW is to be put out for tender, 215
GW of photovoltaics, around 115 GW of onshore wind, and at least 30 GW offshore.

10 GW of installed capacity needs to be added annually to reach a total of 115 GW by 2030 and
160 GW by 2040 of onshore wind energy. Offshore wind needs to expand by at least 30 GW by
2030, 40 GW by 2035, and 70 GW by 2045. 22 GW is to be added annually to reach approximately
215 GW by 2030 of solar installations and 400 GW by 2040.

Focus on Innovative Renewables

The data from 2023 shows that innovation in the field of renewables has expanded, with the
number of patent applications for solar technology, wind power, and other regenerative energy
technologies increasing by 18.6% year-over-year in Germany.
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CSP is mentioned in the German NECP, however, as concentrated and non-concentrated solar
thermal technologies, which are technologies related to as CSP is a subset of concentrated solar
thermal technologies. They are mentioned in the context of working groups under the SET plan in
which Germany is taking part.

Geothermal is recognized in the German NECP, as included in the estimated installed capacity of
renewable energy, set to contribute 8 MW from 2024-2030. This number, however modest, does
show that geothermal is on the radar, in line with it being included under other renewable energy
categories. Unfortunately estimation of the share of the renewable energy share by 2040 shows a
drop to 0.0 for the share of geothermal. The measure under examination includes a draft to speed
up approval procedures for geothermal, heat pumps and thermal storage facilities. To meet the
climate-neutral expansion of heat supply systems, the acceleration of the approval for geothermal
systems, heat pumps, and thermal storage facilities is underway, along with modifying other legal
parameters for simplifying and accelerating the expansion of these technologies. Geothermal is
also mentioned by Germany in the thematic working group under the SET Plan.

Additionally, geothermal is mentioned, along with ambient heat, solar thermal energy, and
renewable district heating, to become increasingly significant and is predicted to increase
throughout the 2020s. Advanced geothermal, closed-loop geothermal and ultra-deep geothermal
is not mentioned. Under federal funding for energy and resource efficiency in business,
amendments were also made to include geothermal for electrifying small companies.

Assuming the ambitions of renewable energy projections given in the NECP, Germany wishes to
reach a renewable energy supply of 360 GW, currently, the level is 144.4 GW. This would mean an
increase of 204.8 GW by 2030, of which 10.78 GW should be from innovative renewables if the
RED Il targets are to be met, as illustrated in figure 6.

Key Takeaways from Germany's NECP

The German NECP presents a strategy for scaling renewable electricity, modernizing grids, and
accelerating industrial decarbonization. However, the plan does not acknowledge or quantify the
5% innovative renewable energy target.

Furthermore, as highlighted above, there are mentions and a focus on some FCA-defined
innovative technologies, mainly advanced geothermal and CSP. The inclusion of geothermal in
permitting and regulatory frameworks, as well as acknowledging that other renewable energy
technologies will increase in significance over the 2020s, can be perceived as crucial to the further
integration of this technology.
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However, other innovative technologies, such as perovskite PV, airborne wind, ocean energy, and
enhanced geothermal systems, are not discussed in the NECP. A clear, dedicated, innovative, and
renewable deployment strategy should be developed.

Moreover, the NECP is limited in its details on the budget earmarked for research and innovation,
referring mostly to the previous 7™ Research and Energy Program, which ran from 2018-2022,
citing the budget allocated to this, while highlighting mostly the research topic focus of the new 8"
Program. A more detailed and budgeted plan for the 8" program could be beneficial to include in
the NECP.
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The Netherlands

The Netherlands has a substantial offshore wind capacity in the North Sea and plans to further
expand it. In addition, the country is investing in battery innovations, with a focus on electricity
storage and incentives for integrating batteries into large-scale solar panel systems.

With Europe's largest port (Rotterdam) and a strong industrial sector presence (refineries, steel,
chemical hubs), the country also aims to become a hydrogen hub for northwestern Europe,
facilitating hydrogen imports and exports. Emissions reduction targets are clearly outlined for five
main sectors: electricity, industry, built environment, mobility, and agriculture. The Netherlands
ranks 5" on the CCPI and 5 on the EIS.

Main Climate Targets:2030, 2040, 2050

P 55%reduction in 2030 compared to 1990 levels, aiming for a 60% reduction
P Climate neutrality by 2050
» CO2-free national electricity system by 2035

Main National Regulations for Climate, Energy, Research & Innovation

P The Climate Act (2019) sets the overall climate goals for the Netherlands and establishes
the requirement for further policy development to meet these goals.

P The Dutch Climate Law (2019), amended in 2023, includes all the legally binding climate-

related policies to ensure progress on their national targets.

P The Climate Plan (2019): sets out the climate policy for the next 10 years to achieve the

objectives of the Climate Law and needs to be readopted every 5 years. The current climate
plan was adjusted in 2022 with the new Government, and the plans for 2025-2035 are
being developed.

P The Climate Agreement (2019), a multistakeholder platform, gathers government, business

and civil society to measure and set climate goals for the main participating sectors:

electricity, industry, built environment, traffic and transport, and agriculture.

Budget dedicated to Climate, Energy, Research & Innovation

The Netherlands aims to invest 3% of its GDP in innovation in 2030, focusing largely on public-
private partnerships. Through the National Growth Fund, the Netherlands is mobilizing €20 billion
between 2021-2025 for target investment for structural and sustainable growth, with the focus

areas of "Knowledge Development” and “Research, Development and Innovation”. From 2021 to
2023, €1.8 billion has been allocated for energy-related topics in programs that will run for the next
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decade. The National Growth Fund has also allocated €876 million to research, knowledge
development, and scaling up in renewable hydrogen production and use. For research and
innovation in heat infrastructure, €200 million was granted. It is estimated that public spending on
these sectors will stimulate private funding 1,5-2 fold. Furthermore, € 297 million has been
awarded to manufacture innovative batteries with circularity at its core. The national SolarNL
project was also awarded €412 million, €100 million of which are loans.

To finance climate and energy policies, the National Energy System Plan (NPE) (2023) is formulated

as the vision of the energy system up till 2050, with a € 8 billion of annual investment in the energy
transition. A €35 billion Climate and Transition Fund for the next 10 years has also been established.
Eight subsidy schemes are available for industrial decarbonization, where 60 % of these go to SMEs,
some are also strongly focused on Public Private Partnerships:

Sustainable Energy Production and Climate Transition (SDE + +)

Demonstration of Energy and Climate Innovation (DEI +),

Accelerated Climate Investment Industry (VEKI),

Energy Studies Top Sector (TSE),

Energy Investment Deduction (EIA)

Milieu-investeringsaftrek (MIA), Willekeurige afscrijving voor milieuinvesteringen (VAMIL)

v v Vv v v Vv Vv

Allowance Scheme for the Upgrading of fully renewable hydrogen production through
electrolysis (OWE)

P The National Investment Scheme for Climate Projects Industry (NIKI) is a subsidy scheme

to support the roll-out of innovation in green chemistry or electrification on a large scale in
industry. The first-round budget is set to € 228 million, with € 1 billion set aside for

subsequent openings.

Multi-annual Mission-driven Innovation Programmes (MMIPs) on climate and energy were created

and comprise seven missions and two cross-cutting areas. They address societal challenges in the
areas of climate change, energy transition, and sustainability. A change was made to focus on the
energy system as a whole rather than individual technologies. The MMIPs also establish links with
the SET Plan objectives.

In order to accelerate the climate and energy transition, the Mission Driven Top Sector and
Innovation Policy (MTIB) has been introduced as a target toolbox, with funding varying from year to
year, as it is highly dependent on private contributions. Currently, €600 million per year is allocated
to climate and energy innovation (€240 million public and €360 million private funds).
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Renewable Energy (GW) Installed by 2030

The Dutch contribution to the 42.5% EU renewable energy target aims to be 32-42 % of renewable
energy in 2030. The current level of onshore wind and solar is 25.5 TWh and is projected to reach
35 TWh in 2030. Offshore wind capacity ambitions are at 21 GW by 2030; in 2023, the 4.5 GW goal
was reached. The plans to develop additional renewable energy capacity include “deployment of,
inter alia, offshore wind, solar rooftop and scaling up innovative technologies such as hydrogen and
green gas.”

In the coming years, the partial revision of the North Sea Programme will identify new wind energy

areas for the possible realisation of offshore wind energy after 2031. A comprehensive table is
provided in the NECP showing renewable energy projects and their realization progression®.
Furthermore, the Netherlands, as part of the North Seas Energy Cooperation (NSEC), has developed
non-binding targets for offshore renewable energy generation by 2050, amounting to 218 GW,
including intermediary steps for 2030 and 2040.

Focus on Innovative Renewables

Apart from conventional renewable energy sources, additional efforts are being made to stimulate
the supply of renewable energy sources by focusing on offshore wind, solar-on-rooftop,
geothermal, green gas and aquathermal, as well as the production and import of hydrogen.

For geothermal, a specific target is set to increase capacity to 15 PJ in 2030 and 28.3 PJ in 2040,
with the current level at 6.8 PJ. Additionally, the NECP highlights that seven applications to SDE++
have been submitted for deep geothermal. Furthermore, ocean energy is mentioned under the
Technology Collaboration Programs (TCPs) of the IEA in which the Netherlands participates in more
than half, notably, on ocean energy systems, smart grid, photovoltaic power systems, solar heating
and cooling. Ocean energy is noted in this context. Moreover, an innovation program focused on
offshore floating solar R&D has been allocated € 44.5 million in funding in 2019, with the intention
of understanding if scaling up after 2030 is attractive.

Funds have been set aside to achieve CO2 freely adjustable power, for example, by incentivizing
the use of hydrogen focusing on electricity storage, by investing in battery innovations, and
incentivizing batteries in large-scale solar panels.

Assuming the ambitions of renewable energy projections given in the NECP, the Netherlands
wishes to reach a renewable energy supply of 48.9 GW, currently the level is 32 GW. This would

® The Supplementary Road Map Windenergie2030, p.31, NECP The Netherlands
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mean an increase of 16.05 GW by 2030, of which 0.84 GW should be from innovative renewables
if the RED Ill targets are to be met as illustrated in Figure 6.

Key Takeaways from the Netherlands’ NECP

Despite the Netherlands' strong innovation ecosystem and significant renewable energy ambition,
the 2024 NECP does not explicitly acknowledge or operationalize the 5% target for innovative
renewable energy technologies per se, and therefore contains no plan for achieving this target.
While innovation is well-integrated in broader R&I policies and frameworks, this is not translated
into NECP-specific measures or capacity targets for innovative technologies as FCA defines them.

For geothermal development, there are some promising developments, such as deep geothermal,
which is mentioned specifically and given clear targets for development. However, it is unclear if
this is linked to truly novel forms like enhanced or deep geothermal.

The program focusing on offshore floating solar is a positive step, as exploring innovative
technologies in the field of solar will be crucial for the development of renewable energies to
provide a more diverse energy portfolio. However, it appears disconnected from core NECP delivery
strategies, thus further development and incorporation of this program, as not already rooted in a
roadmap, could be limited.

The shift away from focusing on individual technologies in the energy system and integrating a
more holistic approach in MMIPs, is welcomed and will be crucial for the future energy systems and
the investments needed for deep integration. Furthermore, the eight support schemes suitable for
different stages of innovation can help bridge the gap from innovation to market.

The NECP does not include many technologies that FCA identifies as highly innovative, such as
perovskite PV, organic PV, space-based solar PV, enhanced geothermal system, closed-loop
geothermal, salinity gradient, airborne wind, fusion, and CSP. The strategy does not mention pilot
programs, incentive structures, or procurement schemes aimed at deploying those innovative
technologies either.
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Spain

The Spanish NECP places strong emphasis on the connection between climate resilience, economic
stability, and ajust transition, while also insisting on cross-cutting and interdisciplinary approaches
throughout the entire NECP. The Spanish government declared a climate and environmental
emergency at the beginning of 2022. The Spanish NECP is positioned as a central component of
the country’s climate planning and policy, reflecting its commitment to align with EU climate
ambitions and legislation. Spain has emerged as a leading player in wind and solar. Spain ranks 19"
on the CCPI and 18" on the EIS.

Main Climate Targets: 2030, 2040, 2050

P 55 % reduction in greenhouse gas emissions by 2030 compared to 2005, a 32 % reduction
in emissions compared to 1990

P Reduction of external energy dependency from 73 % in 2019 to 50 % in 2030.

P Climate neutrality by 2050

Main National Regulations for Climate, Energy, Research & Innovation

P National Plan for Adaptation to Climate Change (2020) outlines the climate ambitions in the

period of 2021-2030 and assesses climate risk, promoting resilience across regions and
sectors and streamlining adaptation policies.

P The Law on Climate Change and Energy Transition (2011) is a legally binding document

that sets the target for long-term emissions reductions. A review is conducted every five
years to ensure progress towards climate neutrality.

P The Just Transition Strategy (2019) aims to foresee and manage the consequences for the

regions and people affected by the green transition. It deploys measures to facilitate the
energy transition, support workers, and new investment in projects improving social and
environmental services.

P Long-term Decarbonization Strategy (2020) is a cross-sectoral strategy that formulates

the strategic line and scenarios for reaching climate goals for 2030 and 2050. It is an
evolving document that will be updated with progress notes and edited to reflect new

European targets.

P Spanish Strategy for Science, Technology and Innovation (EECTI) 2021-2027 is a strategic
planning tool, aligning the Spanish technology and innovation strategy with European

polices and establishing priorities of strategic areas.
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Budget Dedicated to Climate, Energy, Research, & Innovation

The 2021-2026 Recovery, Transformation and Resilience Plan (PRTR) is the main funding tool for
Spain. It is a roadmap to boost Spain's economic recovery and ensure a sustainable and inclusive
future. Itis funded in part by the NextGenerationEU and focuses on four overarching areas:

Ecological Transition,
Digital transformation

Social and territorial cohesion

v v Vv Vv

Gender equality

The fund mobilizes close to €70 billion of public investment, of which 39.7% is dedicated to the
green transition. The PRTR addendum added €10 billion and €84 billion in loans approved in 2023.
As part of PRTR and Spain's offshore wind strategy, the government launched the Renmarinas
demos in December 2022 to fund pilot and port infrastructure projects for offshore renewable
energy, with €240 million from the EU's NextGenerationEU funds. Funds are also granted to
innovative projects for medium and high temperature geothermal energy, where €54.6 million has
been allocated to seven actions.

The PRTR is structured around ten leverage policies, with 31 components. Lever Il concerns the
Just and inclusive energy transition, and is allocated €6.385 billion, distributed over five
components, of which the component on the deployment and integration of renewable energy
receives €3.165 billion.

Moreover, the Strategic Projects for Economic Recovery and Transformation (PERTE) in energy
transition, funded under the PRTR, is a more strategic and specific project-focused scheme. It
includes 12 strategic projects such as Renewable Energy, Renewable Hydrogen and Storage
(ERHA), Industrial decarbonization, and Circular economy,.

The PERTE for Industrial Decarbonization includes a comprehensive support line of €11.6 billion,
with public contribution of € 3.1 billion for the decarbonization of the manufacturing industry, which
includes among its policy areas:

decarbonization of energy sources,
integrated energy management of industrial processes,

carbon capture, storage and use,

v v v WV

decarbonization by reducing natural resources,
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P RI&D to boost the decarbonization of installations

These budget allocations are expected to result in a reduction of 13 million tons of CO, equivalent
emissions Spain also intends to, as by the Law 17/2022 on Science, Technology and Innovation
(LCTI), reach 1.25% of GDP invested in R&D by 2030.

The budget for R&D&I within the field of energy transition in 2022 amounted to just under €1.3
billion, €212. 06 million allocated to renewable energies.’

Renewable Energy (GW) Installed by 2030

Spain is considered an attractive place to invest in renewable energy and has been the recipient of
greenfield renewable projects. By 2030, the renewable energy mix is expected to reach 81%, and
48% renewable energy solutions in the final energy consumption. Renewable energy from wind is
expected to be 62 GW, with 3 GW for offshore.

Solar energy is expected to reach 76 GW, solar thermoelectric capacity will be 4.8 GW, and nuclear
will contribute 3 GW. Furthermore, the energy storage strategy foresees 22.5 GW of energy
storage, 12.5 GW of daily and weekly storage, and 10 GW corresponding to seasonal storage, by
2030, bringing the total renewable energy capacity to approximately 160 GW. The overview of
installed electrical power can be found in the Spanish NECP in table 2.5.

Focus on Innovative Renewables

The Spanish NECP acknowledges and describes how Spain intends to achieve the 5% target of new
installed capacity for innovative renewable technologies, with a dedicated section “measure 1.4
Development of innovative renewables installations”.

Spain lists some technological options such as “electricity self-consumption, energy storage,
renewable electricity and thermal energy in the agricultural sector, concentrated solar power for
industrial processes, air-conditioning in the residential and service sectors, hybrid renewable
installations, bioenergy, geothermal energy, marine energy, innovative solutions around wind
technologies such as offshore wind, and photovoltaic technologies - such as agrivoltaics or floating
photovoltaic, or large-scale solar thermoelectric generation with storage that is more
manageable”®. An overview is given for key identified sectors: offshore wind, energy storage,

7 Annex A.6 /A.11 of the Spanish NECP, p.558

8 The Spanish NECP, p.134
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biogas, green hydrogen, outlining the steps being taken to further develop innovative technologies
for these sectors.

Concluding the dedicated section (measure 1.4) on the development of innovative renewables
installations, a paragraph is included mentioning other renewable technologies that have “great
potential,” however, not yet competitive, to create calls for financial support instruments for these:
deep geothermal is mentioned as well as large-scale thermoelectric with storage.

A directive has been approved to provide aid to the Autonomous Communities for renewable
thermal energy systems across various sectors of the economy and aim to “[accelerate the large-
scale deployment and integration of renewable thermal technologies across all sectors of the
economy (@mbient and geothermal heat pumps, concentrated and unconcentrated solar thermal,
direct use geothermal or biomass)”. This echoes the mention of deep and shallow geothermal
requiring more support to improve efficiency and cost. In addition, Spain deploys “sandboxes” to
underpin innovation and provide a learning ground for the technologies of the future.

Furthermore, granted pilot projects, responsible entities and funding allocation are listed, including
projects in marine wind and energy, medium and high temperature geothermal energy, biogas
installations, R&D energy storage, hybrid energy storage with installations for the generation of
electricity from renewable energy sources, standalone energy storage, storage and heat pumps.
The budgets vary across projects from € 54.6 million to € 250 million and aim to generate between
55.7 MW and 904 MW, depending on the project.

However, the Spanish NECP does not include other innovative renewable technologies such as
perovskite, organic PV, space-based solar, salinity gradient and airborne wind.

Assuming the ambitions of renewable energy projections given in the NECP, Spain wishes to reach
a renewable energy supply of 158.5 GW, currently the levelis 77 GW. This would mean an increase
of 77.35 GW by 2030, of which 4.07 GW should be from innovative renewables if the RED IIl target
is to be met, as illustrated in figure 6.
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Key Takeaways from Spain's NECP

Spain’s NECP stands out for explicitly addressing the 5% innovative renewables target, with a
dedicated section: Measure 1.4 "Development of innovative renewables installations”. This section
outlines technological pathways, funding, and strategic deployment and identifies the technologies
that Spain deems to develop within the scope of innovative renewables: offshore wind, energy
storage, biogas, floating PV, and others. This direct engagement is a strong signal of Spain’s
commitment to aligning with EU innovation goals.

The plan highlights a broad spectrum of innovative technologies, including offshore wind, floating
PV, hybrid systems, high-temperature geothermal, solar thermoelectric with storage, marine
energy, and agrivoltaics, with clearly identified sectors and funding mechanisms. The approval of
financial support instruments for less mature technologies like deep geothermal further
underscores a forward-looking approach.

Spain also incorporates regulatory sandboxes, public procurement tools (e.g., pre-commercial and
innovation purchases), and pilot project funding, which are all market-enabling instruments to
facilitate the uptake of emerging technology.

Spain’s active participation in more than half of the International Energy Agency's Technology
Collaboration Programs suggests a degree of engagement with innovative technologies. However,
this participation is not explicitly tied to domestic deployment plans and long-term commitments,
as seen with the acknowledgement of ocean energy, but is not considered to hold high enough
potential to be explored in the national climate and energy plans.

However, while the NECP lists many technologies and provides project-level detail, the projected
outputs remain in MW rather than scaling toward the GW-level needed to fully meet or exceed the
5% target long-term. Technologies such as perovskite PV, enhanced geothermal systems (EGS),
airborne wind, and salinity gradient energy are not mentioned, representing potential gapsin scope.
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