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Germany should accelerate its renewable

energy transition

Wolf-Peter Schill, Adeline Guéret, Alexander Roth & Felix Schmidt

®| Check for updates

Germany’s energy transition relies on variable
renewables and electricity use across sectors, and
it needs to accelerate. We argue that consistent
policy commitments to proven technologies, such
as wind and solar power, heat pumps and electric
cars are needed.

Germany is the European Union’s largest greenhouse gas emitter and has set
ambitious transition targets to achieve climate neutrality by 2045. With the
adoption of the Renewable Energy Sources Act in 2000, Germany laid the
groundwork for a transition to renewables and electrification, also known as
the Energiewende.

Germany’s renewable energy supply relies primarily on variable wind
and solar energy: the country lacks significant potential for geothermal or
hydropower and has, after decades of controversies, given up the use of
nuclear power. Lacking public acceptance, the option of fossil-fuel-based
electricity generation with carbon capture and storage has been ruled out so
far — but is now under discussion again. On the consumption side, wide-
spread electrification is Germany’s main strategy to decarbonise heating,
transport and industry.

Today, Germany ranks among the countries with the highest per capita
capacity of wind and solar power'. The share of renewables in German
electricity consumption has steadily increased from 6% in 2000 to 54% in
2024. At the same time, greenhouse gas emissions in the energy sector have
come down by 53%. The latest revision of the Renewable Energy Sources
Act, entering into force in 2023, stipulates that renewables have to cover at
least 80% of gross electricity demand by 2030. This target includes the
additional load of electric vehicles, heat pumps and hydrogen production by
electrolysis. After the coal-phase out, to be completed by 2038 according to
current laws, the German electricity sector is planned to become carbon-
neutral. The 2021-2024 government has further introduced ambitious
specific targets for key technologies such as wind and solar power, electric
cars and heat pumps that are largely in line with up-to-date energy system
scenarios that reach net-zero greenhouse gas emissions by 2045 (Table 1). A
new government assumed office in May 2025 and has indicated to downsize
some of these targets with the intention to reduce the costs of the transition’.
The policy shift of the new German government to prioritize competitive-
ness and cost reduction over decarbonisation can also be observed in several
European countries and institutions.

Here, we advocate that German policymakers should not slow down
the renewable energy transition. Rather, an additional acceleration is needed
to put the country on the right track towards a low-carbon future and to reap
related environmental and economic benefits. Based on open data provided
on the Open Energy Tracker”, we argue that two key signposts are needed at
this junction. First, stick to the ambitious targets that will make solar and
wind technology the backbone of Germany’s energy future. Second, provide

firm guidance and support for heat pumps and electric cars, as opposed to
hoping for alternative solutions such as e-fuels.

Accelerated expansion of solar and wind energy

Solar photovoltaics capacity has expanded rapidly in Germany, with record
capacity additions in 2023 and 2024 (Fig. 1a), primarily from small rooftop
systems that account for around two thirds of new as well as existing
installations. The combination of a sharp rise in electricity prices in the
aftermath of the 2022 energy crisis and decreasing photovoltaics module
prices made owning rooftop photovoltaics much more profitable for
households and businesses.

Onshore wind power has been growing at a slower rate, hampered by
long planning processes and less ambitious targets before 2021. With the
current trend, the 2030 target would be missed by far (Fig. 1b). However, an
acceleration is already on the horizon: Policy measures to fast-track wind
power expansion have led to record-level approvals of 14 GW in 2024 and
10 GW in the first eight months of 2025° and pave the way for future growth.

Offshore wind power capacity has grown even less in recent years
(Fig. 1c). Here, lead times for new projects are even longer than for onshore
wind, and the newly set ambitions will take a few years to materialize. Yet,
the framework conditions for strong future growth have recently improved:
in 2023 and 2024, nearly double the previously existing offshore wind
capacity was successfully tendered’. In addition, the federal government,
coastal federal states, and grid operators have agreed to realize a grid con-
nection capacity of 30 GW by 2030’

All in all, solar and wind energy show promise for meeting the gov-
ernment goals, provided the current trajectory is continued and not slowed
down again.

Electrification of end uses lags behind

In sectors such as transport or heating, fossil fuels and associated greenhouse
gas emissions can be substituted by the direct use of renewable electricity via
battery-electric vehicles or heat pumps, or indirectly by means of electricity-
based synthetic fuels. This cross-sectoral integration, referred to as sector
coupling, is a matter of urgency. Renewable shares in heating and transport
have been largely stagnating for more than ten years in Germany®, and
greenhouse gas emissions trends in these sectors are not in line with
achieving climate neutrality by 2045’.

In the residential sector, Germany’s 2021-2024 government set the
target of six million heat pumps installed by 2030, compared to a current
overall number of heat pumps of around two million (Fig. 2a). Worryingly,
installations of new gas or oil heating systems surpassed those of heat pumps
in 2023 and 2024, likely as a result of economic and regulatory uncertainty as
well as limited experience with this technology among homeowners.
Nevertheless, heat pump installations could pick up over the coming years:
the current law requires an extensive use of renewable energy sources for
newly installed heating systems, for which heat pumps are often the most
viable option. However, the new German government has highlighted the
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idea of technology neutrality and shows no interest in accelerating the heat
pump rollout™".

Around 1.9 million pure battery-electric cars are currently registered in
Germany, and current growth rates are clearly too low to achieve the target
of 15 million electric cars by 2030 (Fig. 2b). In fact, the annual average share
of battery-electric vehicles in new car registrations has even been declining
from 18.4% in 2023 to 13.5% in 2024, but recently recovered again. Supply of
affordable electric car models is still limited and purchase subsidies ended
abruptly at the end of 2023. Even if purchase subsidies were reintroduced,
the 2030 target would likely remain out of reach. A lack of public charging
points is often cited as another reason for the slow take-up of electric cars in
Germany (Fig. 2¢). Yet, this argument hardly seems valid anymore: aver-
aging over the whole country, the number of electric cars per public fast-
charging point has fallen from around 68 at the end of 2022 to around 44
recently. Despite the sluggish offtake of battery-electric cars, the new Ger-
man government is not pushing for acceleration. On the contrary, the
chancellor recently questioned the European regulation to ban the sale of
cars with carbon emissions after 2035. The prolongation of the discussion

Table 1 | Energy transition targets

Targets for 2030 Targets for 2040
Government coalition 2018-2021 2021-2024 2018-2021 2021-2024
Solar 100 215 - 400
photovoltaics (GW)
Onshore wind 71 115 - 160
power (GW)
Offshore wind 20 30 40 55
power (GW)
Heat pumps (millions) — 6 — —
Electric cars (millions) 7-10 15 — —
Electrolysis (GW) 5 10 - —

Germany’s targets for renewable energy capacity and electrification technologies have increased
substantially between the Conservative/Social Democrat coalition of 2018-2021 and the Social
Democrat/Green Party/Liberal coalition of 2021-2024.

around the ban risks adding new uncertainty for car producers and con-
sumers alike, which could delay technological innovation and risk the long-
run competitiveness of the entire sector.

Of the 10 GW electrolysis capacity to produce green hydrogen targeted
for 2030, less than two percent is currently in operation. The overall capacity
of announced projects would meet the target, but a large proportion of these
projects are still at a conceptual planning stage, and their implementation is
uncertain. The new government has recently declared its intention to soften
this target’. The hydrogen demand side and the transport infrastructure are
also at very early stages. Measures include the planning and financing of a
core network of hydrogen pipelines, public support and de-risking for
hydrogen imports, and subsidies for converting selected energy-intensive
industrial processes to hydrogen.

Stay the course while addressing challenges

While we argue that both renewable expansion and electrification should be
pushed forward in Germany, emerging challenges need to be addressed''.
Two ingredients are required to support the 2030 targets. First, renewable
energy sources must be integrated into grids and markets more efficiently,
especially small-scale solar photovoltaics. This necessitates dynamic pricing
to steer demand according to supply and expanding the grid to remove
bottlenecks. Secondly, to enhance resilience, flexible and reliable capacity is
needed to ensure security of supply, which also includes long-duration
storage for prolonged periods of low renewable energy supply.

Integration of rooftop photovoltaics. The strong expansion of small
rooftop photovoltaics systems is often regarded as a positive element of the
Energiewende as it involves citizens directly. Yet, overall investment costs
are higher compared to utility-scale photovoltaics systems, and their
integration into electricity markets and grids is currently inefficient. Most
households with solar-battery systems do not align self-consumption,
storage operation or grid feed-in with the overall system needs: because
neither feed-in nor retail tariffs reflect the varying price signals of the
wholesale electricity market, there is simply no incentive for a system-
oriented operation. In addition, grid operators often lack the technical and
regulatory requirements to control the feed-in of small-scale solar
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Fig. 1 | Stock, trend and goals for Germany’s renewable energy capacity. Pho-
tovoltaics (a) track above government goals for 2030, whereas onshore (b) and
offshore (c) wind energy trail behind targets. Darker colours depict evolution of
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stock, lighter colours denote an extrapolation of the trend over the past 12 months.
Dotted lines signify current government goals. Data from the Open Energy Tracker".
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Fig. 2 | Stock, trend and goals for Germany’s renewable energy capacity.
Photovoltaics (a), battery-electric vehicles (b) and public charging points (c) in
Germany. All substantially lag behind government goals. Darker colours depict
evolution of stock, lighter colours denote an extrapolation of the trend over the past 5
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years (a) or past 12 months (b, ¢). Dotted lines signify current government goals.
Data from the Open Energy Tracker". For battery-electric vehicles (b) and charging
points (c), we assume a logistic target path between 2022 and 2030, as the govern-
ment did not specify an annual path.

installations. Either rooftop photovoltaics systems need to be integrated
better into the market or the future expansion needs to focus more on the
deployment of utility-scale photovoltaics systems, which are already
exposed to fluctuating market prices.

Flexible consumption. A lack of wholesale market price signals applies to
most German electricity consumers. The still widespread use of time-
invariant tariffs means that consumers lack the incentive to align their
consumption with available supply. Consumption needs to be shifted away
from periods with low availability of variable renewables and towards
periods with high availability. This helps to avoid critical peak loads and
high price volatility, to maintain the security of supply, and to ensure low-
cost renewable integration. To improve the situation, tariffs that reflect
variable wholesale price signals, metering and communications infra-
structure, as well as different types of energy storage'” are all needed. Prices
should further reflect the value of electricity at a given location, putting the
single German price zone into question.

Grid expansion. Transmission and distribution grids must absorb
increasing amounts of electricity from variable renewable sources
whose locations differ from legacy grid layouts. Due to political decisions
in the past and recent material cost increases, very high costs are
estimated for future grid expansions'. To minimize grid expansion, the
location of future consumers could be optimised, such as electrolysers placed
close to offshore wind power farms, in combination with regional pricing’.

Security of supply. Some type of capacity mechanism appears necessary
to ensure the security of supply and to contain excessive price spikes in the
electricity market. In Germany, a small capacity reserve and a grid reserve
are currently in place; however, they are unlikely to be sufficient. Because of
an uncertain economic environment, long planning horizons, and the
expectation of future subsidies, investors have shown little interest in
building new firm power plants without financial support. While the
introduction of a capacity mechanism could resolve this, it should not
focus on conventional power plants only, because these would crowd out
storage and demand-side flexibility options that are needed to efficiently

integrate variable renewables. A centralized capacity market, as proposed
by the current German governmen'[3 , however, tends to discriminate
against such flexibility technologies".

Weather-resilience. For a future German energy system to be weather-
resilient, it must also be able to cope with prolonged periods of scarcity in
variable renewable energy supply™. Long-duration hydrogen storage is likely
to play a key role here. Because of substantial uncertainties surrounding
future quantities and prices of both hydrogen and electricity, it is unlikely
that long-duration storage will be adequately ramped up by market actors
alone. The construction of hydrogen caverns requires long lead times,
therefore, developments should start early, supported by public policies.

Conclusions for policy and research

The German Energiewende has made progress, but its full extent has yet to
materialize as recently introduced measures take effect. There is still a long
way to go for all key technologies. Instead of slowing down the renewable
energy transition, policy makers should stay the course. This requires long-
term political commitments and enduring support. Based on the experience
in Germany, we make recommendations for policy and research, in
Germany and beyond.

Variable renewables are the backbone. Germany’s energy future is
based on variable renewables. Wind and solar power can be at the heart of
energy supply for all demand sectors using sector coupling. Research shows
that such a strategy is feasible''’. By contrast, unproven options like
nuclear fusion are far from ready, and traditional nuclear power is not an
option in Germany for political reasons.

We argue that a political consensus is needed to push an ambitious
energy transition that is largely based on variable renewables, capitalizing on
the recently much-improved conditions for their expansion and leveraging
their potential for further cost savings'”. This transition can also bring a
range of environmental co-benefits beyond greenhouse gas emission
reductions such as lower local air pollution'®. Watering down current tar-
gets, as now discussed in Germany’, would conversely endanger long-run
expansion plans and investments into supply chains.
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Sector coupling requires technology clarity. Sector coupling technol-
ogies such as heat pumps and electric vehicles are well-established and
proven decarbonization strategies'””’. Risking a delay in their adoption
because of a political desire to keep technological options open
(Technologieoffenheit’) does not appear to be a cost-efficient strategy. We
argue that a clear focus on battery-electric vehicles, including trucks, and
heat pumps, instead of perpetuating hopes for hydrogen and e-fuels, can
create a thriving environment for respective investment decisions of
business and citizens. We believe that technology clarity is more helpful
than technology neutrality at this stage. In addition, policy makers should
address the issue of high end-user electricity prices, such that electrification
becomes economically viable.

A role for research. Research is fundamental for tackling the challenges
discussed above. Considering that the energy transition cannot only rely on
electrification but also needs strategies to promote energy efficiency and
sufficiency. Energy transition research should encompass various dis-
ciplines such as energy system analysis, economics, engineering, envir-
onmental science, political science, and sociology.

Beyond pure research, researchers should become more active in
communicating their findings and the state of knowledge to counter mis-
information. Neither should they shy away from pointing out existing and
upcoming challenges and potential solutions, nor from highlighting success
stories and societal benefits of renewable energy transitions.

The international context. In the short term, concerns about economic
competitiveness, distributional effects, and social acceptance pose great
challenges for the German renewable energy transition, and the current
global outlook is challenging for ambitious climate and energy policies.

We argue that in the long run, the transition to renewable energy
sources is likely to offer both an economic and environmental dividend, as it
increases Europe’s energy security, sovereignty and resilience by reducing its
dependence on fossil fuel imports, but can also contribute to its long-term
competitiveness. We encourage policymakers not to slow down the tran-
sition but to focus on a continued expansion of low-cost renewables, an
acceleration of sector coupling, and efficient system integration. A successful
and effective renewable energy transition in Germany may well bring about
technological, regulatory, political, and social learning that can, in turn, help
other countries implement their own energy transitions and foster a vir-
tuous circle.
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