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TURBOCHARGING 
THE ENERGY 
TRANSITION

The EU’s commitment to the energy transition is un-
deniable, with policies like the European Green Deal 
and the Net-Zero Industry Act paving the way towards 
a climate-neutral Europe. As European Commission 
President Ursula von der Leyen clearly stated at the 
World Economic Forum in 2023, the plan is ‘to make 
Europe the home of clean tech and industrial innova-
tion on the road to net zero’ (1).

Ambitious rhetoric notwithstanding, the overall 
mood across EU capitals is rather muted. Expressions 
of concern about the erosion of the EU’s clean tech 
industry and the need to ‘catch up’ and ‘not fall be-
hind Beijing’ have dominated the political narrative (2). 
Meanwhile, policymakers have regularly floated sub-
sidies and tariffs as solutions to the EU’s industrial 
woes (3). While these policies can level the playing 
field, they alone will not help the EU reach its goals. 
To be at the forefront of industrial innovation, the EU 
must focus on the technologies of tomorrow.

Summary

 › The EU has ambitious plans to become a 
hub of clean tech manufacturing. However, 
this is easier said than done, given China’s 
dominance over clean tech supply chains. 
To regain the crown of industrial innova-
tion, the EU must focus on the technologies 
of tomorrow.

 › Perovskite solar cells, next-generation 
geothermal, advanced biofuels and 
sodium-ion batteries are among the many 
emerging technologies that merit greater 
attention from Brussels. Not only could 
they help the EU achieve its climate and 
energy goals, but they could also reduce its 
reliance on China.

 › To step up its innovation game, the EU 
needs to speed up lab-to-market transi-
tions, mobilise institutional funding for 
scaling up new technologies, and foster in-
ternational partnerships with like-minded 
countries.
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BACK TO THE 
DRAWING BOARD
The EU’s capacity to reach its energy goals without 
exacerbating its dependence on countries like China 
hinges upon its capacity to embrace innovation. 
While the list of promising technologies that should 
merit greater attention is endless, limited resources 
call for prioritisation.

Given the need for rapid decarbonisation, it is cru-
cial to focus on technologies with near-to-mid-term 
deployment potential. While unexpected break-
throughs in areas like nuclear fusion might happen 
in the distant future, it would be unwise to rely on 
them too much. Meanwhile, infinitely more mature 
technologies like small modular nuclear reactors 
(SMRs) offer a much better chance of reducing the 
EU’s greenhouse gas (GHG) emissions, but this will 
still not happen anytime soon. It is unlikely that the 
first commercially available SMRs will hit the market 
before the early 2030s, making it difficult to assess 
to what extent this technology will be a competitive 
source of power.

The following sections will explore four emerging 
technologies that the EU could harness to advance its 
energy and climate goals. While these are at vary-
ing levels of technological readiness, they align well 
with current energy policies and have the poten-
tial to complement ongoing infrastructure develop-
ment efforts.

PEROVSKITE SOLAR CELLS
The EU’s renewable energy mix is heavily reliant on 
traditional solar cells made from silicon. However, 
recently a new contender has emerged: perovskite 
solar cells. They boast several advantages over their 
silicon counterparts (4).

Their unique material properties offer higher solar 
energy conversion capacities. Most traditional solar 
panels have efficiencies of about 22 %, while perovs-
kites reach around 25 % and have even higher po-
tential (5). Perovskites also offer a more sustainable 
alternative. Unlike silicon cells, which require high 
temperatures for the production of wafers, manufac-
turers can produce perovskite crystals at relatively 
low temperatures, reducing lifecycle GHG emis-
sions (6). Additionally, labs can grow perovskites using 
lead and other commonly available materials, elimi-
nating the need for environmentally disruptive prac-
tices like mining and refining of quartz, the source 
material for silicon (7).

Perovskites might also help reduce the EU’s depend-
ence on Beijing. In 2023, over 90 % of the EU’s solar 
panels originated in China (8). This trend is unlikely to 
change as government incentives and other factors 
keep manufacturing costs for solar panels roughly 
50 % lower in China (9). Therefore, even if the EU can-
not compete solely on cost with Chinese-made silicon 
cells, a superior product like perovskite solar cells, 
even at a potentially higher price point, could still 
contribute significantly to the EU’s goals of reshoring 
its clean tech industry.

However, they face a significant hurdle: durability. 
Perovskites degrade when exposed to moisture, light 
and heat. To address this, researchers are exploring 
so-called ‘tandem solar cells.’ These combine an ul-
trathin perovskite cell on top of a regular silicon cell, 
offering a promising solution for achieving increased 
efficiency without sacrificing durability. So far, tan-
dem cells have reached a solar conversion efficiency 
of 33 %, with potential to peak at 40 %, which could 
further revolutionise the industry (10).

NEXT-GEN GEOTHERMAL
Despite being one of the oldest renewable sources, 
geothermal energy’s availability has been limited by 
geography. Traditional plants rely on natural geo-
thermal reservoirs, which are mostly concentrated 
in volcanic regions. As a result, geothermal power 
plants generated only 0.2 % of the EU’s electricity in 
2022 (11). However, innovations like enhanced geother-
mal systems (EGS) can create artificial geothermal 
reservoirs, unlocking significant amounts of power 
potentially trapped beneath the earth’s surface.

Next-generation geothermal technologies offer three 
key advantages for the EU’s energy and climate 
goals. First, they could provide a reliable, clean en-
ergy source that complements wind and solar. Unlike 
these weather-dependent renewables, geothermal 
plants can provide a steady baseload source of energy, 
reducing the need for energy storage and easing the 
strain on power grids. Second, they could enhance en-
ergy security. Unlike wind or solar, next-generation 
geothermal systems do not require critical materi-
als, rare earths or rely on Chinese supply chains (12). 
They often use off-the-shelf equipment from the 
oil and gas industry, while many of the innovative 
solutions come from the United States. Third, they 
can improve energy resilience. Taking up much less 
space than other renewables, they can be deployed in 
off-grid areas, near strategic sites or power-hungry 
industries.

Next-generation geothermal systems come with some 
unknowns. While pilot projects are well underway to 
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test their feasibility, more investments are required 
to drive down the costs of these systems (13). The sci-
entific community is also divided about the extent 
to which some of these technologies could result 
in greater seismic activity (14). Therefore, despite the 
technology’s promise, further research and testing 
are needed to determine the role it could play in the 
EU’s energy transition efforts.

ADVANCED BIOFUELS
Biofuels such as bioethanol and biodiesel have long 
been a staple of the EU’s energy mix. Produced us-
ing conventional feedstocks like rapeseed and sugar 
beets, they have contributed to reducing the GHG 
emissions of the transportation sector. However, ad-
vanced biofuels represent a promising new class of 
renewable fuels. Produced from non-food sources 
like agricultural waste and forest residues through 
innovative processing techniques, these advanced 
biofuels could boost the EU’s decarbonisation efforts.

To some, doubling down on biofuels might seem like 
a step backward. While electrification offers a clear 
path for decarbonising ground transportation, ship-
ping and aviation present a much tougher challenge. 
According to the International Energy Agency (IEA), 
due to the complex and energy-intensive production 
process, e-fuels such as e-ammonia and e-kerosene 
– which are floated as solutions for 
shipping and aviation decarbonisa-
tion – are expected to remain costly 
and scarce for a long time to come (15).

This is where advanced biofuels 
come into play. They promise lower 
production costs and greater avail-
ability, allowing them to play a cru-
cial role alongside e-fuels in reduc-
ing the GHG footprint of shipping 
and aviation. Advanced biofuels, 
like e-fuels, can also be chemically 
identical to conventional oil-based 
fuels, meaning existing airplanes 
and ships can use them without 
requiring engine modifications (16). 
Unlike conventional biofuels, they 
also avoid competition with food 
and feed production, allowing for 
more sustainable land use.

Scaling up advanced biofuels pre-
sents its own obstacles. Production 
costs need to decrease for them to 
become competitive with alterna-
tive fuels (17). Major infrastructure 
development is required to handle 

the large quantities of biomass needed for produc-
tion, while sufficient feedstock availability must be 
ensured (18). Yet, despite these roadblocks, advanced 
biofuels are uniquely positioned to play a key role in 
reducing the EU’s GHG emissions and dependence on 
fossil fuels.

SODIUM-ION BAT TERIES
Lithium-ion batteries play a key role in the energy 
transition as they are used in electric vehicles (EVs) 
and energy storage systems. They rely on lithium 
as the key component and often require additional 
critical minerals like cobalt, graphite and nickel. 
However, sodium-ion batteries, using sodium in-
stead of lithium, are gaining traction as a promising 
alternative.

There are three distinct advantages to using 
sodium-ion batteries. First, they can significant-
ly reduce the EU’s dependence on critical miner-
als. Unlike lithium, sodium – or salt – is a thousand 
times more abundant than lithium (19). Sodium-ion 
batteries also do not require cobalt, graphite and 
nickel for their anodes and cathodes, thereby fur-
ther reducing the EU’s reliance on foreign suppliers. 
Second, they are cheaper to produce. According to 
McKinsey, sodium-ion batteries have the potential to 
be about 20 % less costly than the cheapest type of 

lithium-ion batteries (20). Third, they 
are more sustainable. Sodium min-
ing and processing have a lower 
negative impact on the environ-
ment compared to lithium, and, by 
some estimates, they are also easier 
to recycle (21).

Despite these and other advantages, 
sodium-ion batteries cannot replace 
lithium-ion batteries. Because sodi-
um molecules are heavier and larger 
than lithium, sodium-ion batteries 
have lower power densities and can 
store less energy than lithium-ion 
ones. High-end lithium-ion batter-
ies have a power density of some 250 
Wh/kg, whereas sodium-ion batter-
ies deliver 160-180 Wh/kg, limiting 
their utility in high-performance 
EVs (22). Still, in the coming years 
sodium-ion batteries could be a 
real game-changer for applications 
where power density is less crucial, 
such as compact EVs and energy 
storage systems.

Technological readiness levels 
(TRLs) of  clean energy 
technologies 

Data: IEA, 2024
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MAKING INNOVATION 
HAPPEN
To achieve its climate and energy goals, the EU needs 
to double down on its innovation efforts. Perovskite 
solar cells, advanced biofuels, sodium-ion batteries, 
and next-generation geothermal are but a few of the 
many technologies that could help accomplish that.

Granted, investments in these and other emerging 
technologies do not guarantee success. Not all prom-
ising technologies live up to expectations, and com-
petition from other manufacturers is fierce. However, 
history shows that breakthroughs rarely come from 
playing it safe. Fortunately, the EU is well-positioned 
to be a clean tech powerhouse. It boasts top-notch 
research infrastructure, a strong start-up scene, and 
is home to some of the boldest GHG reduction poli-
cies in the world. Three steps could allow the EU to 
accelerate clean tech innovation even further.

1. First, speed up the lab-to-market transition. 
Brussels needs to ramp up support for the com-
mercialisation of clean technologies by providing 
funding and resources to bridge the gap between 
research and market deployment. Focusing on 
scaling up successful pilot projects and facilitat-
ing industry partnerships can bring innovations 
to the market more quickly. 

2. Second, mobilise institutional funding. The EU 
should encourage large institutional investors, 
such as pension funds and insurance companies, 
to allocate a greater share of their portfolios to 
clean technology ventures. This can provide sub-
stantial capital flows needed to accelerate the de-
velopment of capital-intensive innovations.

3. Finally, foster international collaboration. 
Partnerships with like-minded countries such as 
the United States, Japan and South Korea, could 
go a long way towards advancing the EU’s goal 
of promoting broader GHG reduction efforts. 
Building a broad coalition – ranging from emerg-
ing startups and seasoned investors to research 
institutions and international bodies – is key 
to success.

The EU’s ability to advance its energy and climate 
goals without exacerbating dependencies on domi-
nant suppliers hinges on its ability to embrace in-
novation. By focusing on technologies that play to its 
strengths, forging strategic public-private partner-
ships and collaborating with international partners, 
the EU can lead the way towards a cleaner tomorrow.
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