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At a glance 

 

The study "Aligning Growth and Climate 

Protection" shows that, contrary to what is 

often claimed, degrowth approaches do not 

lead to more climate protection. On the 

contrary: a deindustrialization of Germany or 

the European Union (EU) would significantly 

reduce the opportunities to contribute to 

climate protection worldwide. It is crucial for 

the success of the transformation that climate 

protection and economic growth go hand in 

hand. An effective climate policy can be 

achieved with the help of appropriate 

framework conditions, in particular rigorous 

carbon pricing, complementary government 

measures and, above all, international 

cooperation.  

Prof. Dr. Veronika Grimm, Dr. Christian Sölch 

and Johannes Wirth identify the following 

interrelationships between economic growth 

and climate protection: 

➔ Decoupling economic growth and CO2 

emissions is possible, but is not yet 

achieved everywhere in the world. 

➔ Growth and innovation are key drivers 

for the transition to a climate-neutral 

economy worldwide. 

➔ Growth enables Germany and Europe 

to play an active role in shaping global 

climate protection. 

➔ Deindustrialization is likely to 

counteract Europe's contributions to 

climate protection and weaken its 

growth potential and influence. 

➔ Economic growth is closely linked to 

people's living standards and secures 

jobs and tax revenues as the basis of 

the social market economy.  

➔ Economic growth opens up leeway to 

cushion social hardships coming along 

with the climate transformation - a 

prerequisite for acceptance of the 

transformation. 

Policy needs to set the right course for the 

transformation of the economy as quickly as 

possible and thereby prevent 

deindustrialization, which would have a 

negative impact on both growth and climate 

protection. Energy policy must create 

framework conditions for an affordable energy 

supply, promote the expansion of central 

infrastructure (particularly for electricity and 

hydrogen) and achieve a reduction in critical 

dependencies through the smart diversification 

of value chains. In addition, a reliable, 

transparent and long-term climate policy is 

required, with effective CO₂ pricing as a key 

instrument. Climate protection will only 

succeed both nationally and internationally if 

growth and climate protection are considered 

together.  

The key to combining growth and climate 

protection is innovation and technological 

progress. Germany and the EU are leaders in 

many climate technologies, but other regions, 

above all China, are catching up and are often 

quicker to build up extensive production 

capacities for key transformation technologies. 

Investment in research and development and a 

common European energy and climate policy 

are essential to secure and further expand 

Europe's position in key technologies. In view 

of geopolitical developments, it is also 

essential to strive for closer cooperation among 

the western industrialized nations – for 

example with the USA – despite possible 

upcoming differences in climate policy. 
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Ultimately, climate protection can only succeed 

globally. The transformation requires 

international cooperation, in which major 

emitters in Asia and resource-rich countries in 

Africa and South America play a central role. 

International climate policy must be further 

developed - from common goals and unilateral 

commitments towards joint binding institutions 

that implement climate protection targets, such 

as a minimum CO₂ price or binding sectoral 

agreements. In a climate club, a group of 

committed countries could initially establish 

binding standards together. The European 

border adjustment mechanism could serve as a 

model to ensure the competitiveness of 

climate-friendly industries in these countries. 

The reorganization of trade and cooperation 

relationships, which will become necessary due 

to the climate transformation, enables Europe 

to respond to current geopolitical changes. 

Many countries with great potential for 

renewable energies can also benefit from a 

reorganization of global value chains. 

Technology transfer from advanced economies 

can enable them to build their upcoming 

growth on climate-friendly energy instead of 

fossil resources (leapfrogging). Europe, in turn, 

could be strengthened by diversifying its 

imports of clean energy and raw materials. In 

order to take advantage of these opportunities, 

international trade agreements and climate 

protection must adopt an approach that is less 

characterized by rigid principles and instead 

focuses more strongly on the achievement of 

joint objectives. A more flexible approach 

geared towards global realities could help to 

support global climate goals more effectively 

and at the same time take into account the 

economic interests of cooperation partners. 

In the final chapter, the authors provide an 

overview of the key policy recommendations 

that can be derived from the study: 

➔ Creating a reliable and effective 

framework for energy markets and 

climate protection 

➔ Limited and targeted state subsidies to 

ensure an affordable energy supply 

and security of supply 

➔ Rigorous reduction of ineffective 

regulation and bureaucracy 

➔ International climate protection 

cooperation through joint and binding 

institutions 

➔ Strengthening growth potential, for 

example by increasing the volume of 

work, reforms in the social and 

education system and better 

integration of capital markets 

Readers who are already well informed and are 

primarily interested in specific policy 

recommendations can start reading the final 

chapter and then selectively read the details of 

the individual proposals in the earlier chapters, 

to which reference is made in an overview 

table. Otherwise, the study is structured in 

such a way that the knowledge required for 

understanding is developed gradually in the 

respective chapters. 
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Climate change is one of the most significant challenges of the 21st century and presents the global 

community with complex and urgent responsibilities. The continuing rise in greenhouse gas emissions 

(GHG emissions), mainly caused by the use of fossil fuels, is leading to far-reaching changes in the 

global climate system and threatens not only ecological, but also economic and social stability. In 

industrialized countries such as Germany and in the European Union (EU), designing effective climate 

policies is therefore a high priority. Innovative strength and economic dynamics are essential to drive 

forward the necessary changes in the energy, industry and mobility sectors - both in the EU and 

worldwide. A more efficient use of resources can also provide new impetus for growth and strengthen 

competitiveness, which means that the careful use of resources does not contradict economic growth, 

but on the contrary can promote it.  

However, the situation in Germany is particularly challenging, as the economy was already facing 

structurally weak growth before the coronavirus crisis began in 2020, and the situation has now been 

further worsened by the recent crises. Against this backdrop, it is important to foster economic growth 

and at the same time play a leading role in strengthening the global efforts to reduce GHG emissions. 

One condition for success is that international competitiveness of the European economies is 

maintained and social inequalities do not increase. 

This study examines how Germany and the EU can reconcile their economic and climate policy goals. 

Chapter 2 first examines the causes and drivers of GHG emissions as well as the global development of 

relevant technologies, institutions and framework conditions that are of central importance for linking 

growth and climate protection. Particular attention is paid to the role of technological innovations, 

suitable framework conditions for their dissemination and international cooperation in the transition to 

a climate-neutral economy. The availability of climate protection technologies, but also their costs and 

implementation hurdles, as well as the institutional framework conditions that are essential for the 

acceptance and success of the transformation are analyzed.  

Chapter 3 of the study uses various examples to illustrate that growth and climate protection are not 

only compatible, but also mutually dependent. In contrast to degrowth theories, which propagate a 

deliberate shrinking of the economy as a means of climate protection, this study shows that turning 

away from economic growth is likely to be counterproductive. Particularly with regard to the risk of 

carbon leakage, i.e., the shifting of emissions by outsourcing production to countries with less 

stringent environmental regulations, the study underlines the need to actively (but efficiently) shape 

industrial structural change and to anchor it internationally. It also shows by way of example that a 

degrowth approach would not be compatible with the fulfillment of state tasks in the areas of social 

security, education and defense. Such a degrowth approach could therefore hardly serve as a model for 

successful climate protection in other countries.  

In chapter 4, the study outlines how climate protection and growth can be reconciled against the 

backdrop of the current global framework conditions. Specific recommendations are formulated that 

address different levels and fields of action. On the one hand, the focus is on options for deepening 

and strengthening global climate cooperation against the backdrop of current geopolitical 

developments. In order to effectively pursue common climate goals, it is necessary to establish joint 

(reciprocal) institutions of communities of states instead of unilateral commitments. In addition, 

measures for transforming the energy supply in Germany and Europe are outlined, which must be 

supported by strengthening the institutional framework. In order to secure the necessary resources 

and financial leeway for the transformation, it is essential to strengthen the production potential in 
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Germany again. This requires a growth-oriented economic policy based on comprehensive structural 

reforms in various areas. A sustainable financial policy that ensures the state's long-term ability to act 

is just as crucial as a credible strategy to mitigate social hardship in order to ensure broad social 

acceptance for a long-term climate policy. 

Chapter 5 summarizes key policy recommendations that show how a coherent and future-oriented 

climate policy can be successfully designed both from an ecological and an economic perspective. The 

study treads a fine line due to the comprehensive nature of the topic. In order to shed meaningful light 

on how growth and effective climate protection are mutually dependent, the scope and complexity can 

only be reduced to a limited extent: both the global dimension of effective climate protection and 

competitiveness as well as the importance of key policy areas, such as financial, defense and social 

policy, must be addressed for a successful European and global energy transition. For this reason, an 

in-depth examination of the interrelationships in some areas may be appropriate, which was not 

possible within the scope of the study. In these cases, a systematic attempt is made to provide starting 

points for a more in-depth discussion by referring to further literature. Where no such literature is 

available, this should provide an opportunity to shed more light on the connections in future studies 

and thus make them accessible for public discussion. 
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With the Green Deal, the EU decided in 2019 to achieve climate neutrality by 2050. The German 

government is even going one step further and has been aiming to achieve this goal by 2045 since the 

2021 amendment to the Climate Protection Act (Klimaschutzgesetz). While progress has so far been 

made primarily in areas where decarbonization was comparatively inexpensive to achieve, future 

efforts will increasingly focus on sectors in which the mitigation costs - i.e., the costs of reducing CO₂ 

emissions - are higher and which also have a direct impact on people's lives. Some of these fields of 

action, such as the transformation of mobility and heat generation, are politically challenging as they 

pose challenges for private households. Others, such as the transformation of industry, pose 

particularly great challenges because they will have a decisive impact on the growth potential and 

therefore also the prosperity of the economy as a whole.  

Politicians in many European countries are increasingly focusing on the connection between ambitious 

climate protection, international competitiveness and economic growth [1], [2], [3]. The global shift in 

locational advantages (such as relative energy costs) in the course of the transformation to renewable 

energies will trigger far-reaching structural change within Europe and at the same time alter 

international trade relations. Germany and the EU are heavily integrated into global supply chains, and 

imports of energy and raw materials will continue to play a central role, but must be made increasingly 

sustainable and resilient. Emerging economies, many of which are hoping for a significant increase in 

prosperity in this century, will have to reconcile their growth targets with sustainable economic activity, 

both on their own initiative and under pressure from the global community. For developing countries, 

this transformation offers potentially far-reaching opportunities to benefit from the changes.  

 

2.1 Greenhouse gas emissions 

2.1.1 The drivers of GHG emissions worldwide 

In order to shed light on the interplay between growth and climate protection, it is first important to 

look at the global perspective and the various roles of the EU in the global context. A simple method 

for analyzing GHG emissions is to break them down using the Kaya identity, which illustrates the 

various factors influencing global emissions through human activity. Figure 1 shows the Kaya identity 

and assigns the individual influencing factors to the areas of "consumption" and "technology". 

 

Figure 1: Factors influencing GHG emissions - the Kaya identity 

 

Sources: Own illustration based on [4], [5], [6]. 

 

On the consumption side, population growth and rising global prosperity (expressed in the Kaya 

identity by gross domestic product (GDP) per capita) have an impact on GHG emissions (the first two 

terms of the Kaya identity). These developments, which are mainly taking place outside Europe, pose 
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considerable challenges, as they influence both the achievement of climate protection targets and the 

competitiveness of European countries in an international context (cf. e.g. [7]). In addition, global 

megatrends, such as the sharp increase in energy consumption by data centers and developments in 

the field of artificial intelligence, are exacerbating these challenges [8], [9], [10], [11]. It is therefore 

important to analyze precisely in which regions of the world population growth and dynamic economic 

growth can be expected, whether rents (revenues) from the use and trade of fossil fuels will continue 

to play an important role there and which political goals and regulations will influence developments. It 

is also crucial to precisely analyze which levers Germany and Europe can use to enable an efficient 

interplay between growth and climate protection worldwide and who are possible cooperation partners 

on this path. 

The third and fourth terms of the Kaya identity show the opportunities offered by technological 

progress. Both the reduction of energy intensity in production (for example through energy efficiency 

measures) and the reduction of emissions in energy generation (for example by switching to renewable 

energies) offer potential for climate protection and the competitiveness of European countries. It is 

important to understand which regions are leading the way in the development and implementation of 

energy transition technologies and how climate-friendly processes can be made competitive with 

conventional production processes. Here, too, the global perspective must be taken into account in 

order to correctly assess the opportunities and risks for Europe. 

Figure 2 sheds light on the various components of the Kaya identity (emissions on the one hand and 

population growth, GDP, energy intensity of production and the availability of renewable and fossil 

energy on the other) in an international comparison. Figure 2 a) illustrates the development of the 

shares of energy-related GHG emissions. The EU27 currently accounts for around 7 % (Germany 2 %), 

India also 7 %, the USA 13 % and China 30 % of global emissions. In the "Announced Pledges" scenario 

of the International Energy Agency (IEA), which assumes that all climate protection commitments made 

by governments and industries worldwide are met in full and on time, emissions in the EU, the USA and 

China are forecast to fall by 2030, while India could see a moderate increase of 5% compared to 2022 

[12], [13].  

Figure 2 b) shows the expected population development as an important influencing factor. Not only in 

terms of GHG emissions, but also with regard to the size of markets (for CleanTech or generally as 

trading partners), it is clear that Asia and, in the future, Africa will also play an important role. Europe's 

focus as a technology supplier should not only be on these regions due to their market potential, but 

also with regard to progress in climate protection. 

Figure 2 c) shows the development of GDP per capita in the various regions of the world. While the USA 

and Western Europe have been able to significantly increase their prosperity since the Second World 

War, the other regions of the world are still in the process of catching up. As GDP per capita increases, 

the urgency of effective climate protection in these regions is also likely to grow.  

In Figure 2 d), the third term of the Kaya identity - the energy intensity of production - is examined for 

various regions of the world, thus highlighting the opportunities for avoiding emissions. In the 

advanced economies, energy intensity has been significantly reduced in recent decades. In emerging 

and developing countries, on the other hand, it may initially rise with increasing industrialization. The 

decisive factor here will be how quickly the technology transfer takes place and whether the current 

level of technology can be leapfrogged in the course of catching up (“leapfrogging” ↘ Background 2 in 

Section 2.2.1).  
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Figure 2: Influencing factors of the Kaya identity 

a) Energy-related1 GHG emissions from 1990 

to 2050 (forecast: IEA Announced Pledges)

 
 

b) Development and forecasts of the world 

population by region 

 

 

 

c) Development of GDP per capita by world 

region 

d) Energy intensity of production  

(selected countries) 

 

Notes: 1 - Includes emissions from the combustion of fossil fuels. Emissions from the LULUCF sector ("Land Use, Land Use-Change 

and Forestry") are not included. 2 - For better comparability, GHG emissions other than CO2 are converted into CO2 equivalents that 

cause the same global warming over a given period of time. 3 - Projections based on linear interpolation of the IEA's "Announced 

Pledges" scenario [12]. 4 - includes the regions "OECD Asia Oceania" and "Asia (excl. China)" from [13]. 5 - Classification of regions 

according to the United Nations (UN). 6 - MENA: Middle East and North Africa. 7 - "Western Offshoots" includes the USA, Canada, 

Australia and New Zealand.  

Sources: Own illustration based on a) [12], [13] and own calculations; b) [14] - edited by OWID; c) [15] - edited by OWID. The 

Maddison Project database is based on the work of many researchers who have produced estimates of economic growth and 

population for individual countries. The full list of sources for this historical data can be found in [15] and d) [15], [16], [17] - edited 

by OWID. 
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e) Fossil fuels: oil rents and coal production capacities by country 

 

Sources: Own illustration based on [18], [19], [20]. Country boundaries based on [21]. 

 

f) Renewable energy carriers: potential for import and export of green hydrogen and derivatives 

 
Sources: Own illustration based on [22], [23], [24] and own estimates. Country boundaries based on [21]. 

 

Figure 2 e) and Figure 2 f) shed light on the last term of the Kaya identity, which relates to emissions 

from energy production. Figure 2 e) shows the challenges: Many countries where strong growth is 

expected today generate high revenues from the sale of fossil fuels. Political decision-makers are often 

closely linked to the energy sector and new fossil fuel projects continue to be promoted on a large 

scale. Europe, today a major importer of fossil fuels, is striving to replace these imports with climate-

friendly energy carriers. However, as demand from industrialized countries decreases, fossil fuels will 

increasingly be available to developing and emerging countries. Climate protection can only succeed if 

the switch to renewable energies becomes more attractive for these countries than the use of fossil 

fuels, or if technologies such as carbon capture and storage (CCS) reduce the CO₂ intensity of fossil 

fuels. 
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Background 1: The role of hydrogen and its derivatives in the future energy system 

In order to achieve a completely climate-neutral energy system, direct and indirect electrification is 

crucial. All consumption sectors - heating, mobility, industry and electricity generation - must be 

supplied by climate-friendly energy, as shown in Figure 3 schematically. Renewable energies, such as 

photovoltaics (PV), wind, hydropower or geothermal energy, are at the beginning of the energy process 

chain. In some countries, nuclear power will also be used for defossilization. Many applications 

currently supplied by the fossil fuels coal, oil and natural gas can be directly electrified in the future, 

such as the heating sector through the installation of heat pumps, or private transportation through 

the use of battery electric vehicles. Other applications, such as in the chemical industry or heavy goods 

vehicles, cannot be fully electrified directly for technical or economic reasons. In addition, it is difficult 

(both technically and economically) to store (renewable) electricity in large quantities and for long 

periods of time, or to transport it over long distances. If direct electrification of energy-intensive 

processes is not possible or not economical, climate-neutral energy carriers are gaining in importance. 

These energy carriers are based on climate-friendly hydrogen, which is used either directly or in the 

form of derivatives such as ammonia, methanol or synthetic fuels. If the hydrogen is produced (directly 

or as a starting product for derivatives) using renewable electricity by the electrolysis of water, this is 

referred to as "green" hydrogen. Regions that generate surpluses minus their own demand for 

renewable energy due to particularly good conditions for renewable electricity generation will be able 

to export these surpluses in the form of green hydrogen or hydrogen derivatives to regions with less 

favorable conditions for renewable electricity and thus also hydrogen production.  

 

Figure 3: Direct and indirect electrification 

 

Source: Own illustration. 

If nuclear power is used for electrolysis, this is referred to as "red hydrogen". Another option for 

producing hydrogen is the steam reforming of natural gas, which produces significant amounts of CO2. 

The resulting CO2 can be captured by technical systems during the process and injected underground 

in suitable storage facilities (CCS), which can achieve a significant reduction in GHG emissions [25]. If 
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the hydrogen is produced by this process route, it is referred to as blue hydrogen. Studies have shown 

that blue hydrogen can play an important role, especially in the ramp-up phase of a global hydrogen 

economy, due to its financial attractiveness and faster availability compared to green hydrogen [26], 

[27], [28], [29], [30]. In connection with blue hydrogen, however, the effective capture and safe 

injection of the CO2 is of crucial importance within the climate-neutral transformation [25]. 

 

The global potential for renewable energies and the associated production of green hydrogen and its 

derivatives ↘ Background 1 is large worldwide, as shown in Figure 2 f) (see also e.g. [24], [31], [32], 

[33], [34], [35], [36]). In the figure, countries that have considerable potential to export hydrogen in the 

future are shown in green. It is striking that many countries that have fossil resources are also well 

placed to export hydrogen and climate-friendly energy carriers. The advanced economies could take 

this into account in their climate, trade and economic policies. Countries that will have to cover a 

significant proportion of their future demand for climate-friendly energy carriers (hydrogen and 

derivatives) through imports are shown in red. Europe, like Japan and Korea, is one of the regions that 

cannot meet its own demand, unlike the USA, for example. This must be taken into account in all 

climate, energy and trade policy measures. 

 

 

2.1.2 Decoupling growth and emissions possible, but not a reality everywhere 

Developments in recent decades show that the decoupling of growth and GHG emissions is possible. In 

developed economies in particular, emissions have been falling since the 1990s in tandem with 

economic growth. Other countries, such as China, Russia and Australia, are characterized by emissions 

growing at a significantly lower rate than GDP. A third group of countries is experiencing similarly 

strong growth in emissions and GDP.  

Figure 4 a) shows examples of some countries from each of the three groups. Figure 4 b) divides the 

countries into the three categories and shows that some developed economies have already 

implemented decoupling (green). Other countries are experiencing lower growth in emissions than in 

gross domestic product (yellow). The red countries in Figure 4 b) have not yet decoupled emissions and 

growth. 
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Figure 4: Decoupling growth and emissions successful, but not yet everywhere 

a) Development of economic growth and CO2 emissions (footprint of production1 vs. consumption2) 

in selected countries 

 

Notes: 1 - CO2 emissions that a country causes on its territory through its production - corresponds to the emissions shown in 

Figure 2 a). 2 - Total direct and indirect CO2 emissions worldwide caused by the consumption of goods and services in the country 

in question. 3 - in international dollars (purchasing power parities, PPP, base year 2017). 

Sources: Own illustration based on [37], an update of [38], [39] - edited by OWID.  

 

b) Decoupling growth and CO2 emissions by country 

 

Notes: For the classification, the relative changes in GDP and production-related emissions between 2010 and 2022 were 

considered. Green: GDP increases while emissions fall; yellow: ratio of emissions growth to GDP growth is less than or equal to 0.66; 

red: ratio of emissions growth to GDP growth is greater than 0.66. 

Sources: Own illustration based on [37], an update of [38], [39] - edited by OWID. Country boundaries based on [21]. 
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2.2 Technologies 

In order to decouple growth and emissions, a global switch to renewable energies or at least climate-

friendly energy use and the transformation of industry is necessary. Today, the majority of energy 

consumption worldwide is still based on fossil fuels. While oil and gas still play a major role in all 

regions of the world, coal is particularly important in Asia (cf. Figure 2 e) and Figure 5 a)). However, 

Asia also has the largest increase in renewable energies, which is due in particular to China [40].  

2.2.1 Climate protection technologies: Available today, cheaper in the future thanks 

to progress 

Figure 5 b) illustrates an important channel for decoupling economic growth and GHG emissions. The 

figure shows the specific emissions intensity, i.e., the amount of GHGs produced per USD 1,000 of 

gross value added, for various economic sectors and for selected economies worldwide. It is clear that 

emissions could be significantly reduced in many countries by using technologies that are already 

available today. For example, the use of technologies already established in Europe today could reduce 

emissions in India by 70 % and in China by 60 % [41, pp. 390–391]. Currently available or foreseeable 

technologies could significantly reduce the GHG intensity of production even further. This illustrates 

that it is not so much technological feasibility that is decisive, but rather the incentives for the 

continuous further development and use of climate-friendly production methods. It will also depend on 

how quickly the replacement of emission-intensive plants can be implemented. In order to achieve the 

climate targets, it must be possible to realize expected growth - due to the large population share, 

especially in Asia and Africa - on the basis of climate-friendly technologies and, if possible, to leapfrog 

the current state of the art (“leapfrogging” ↘ Background 2). 

 

Figure 5: Importance of technologies for successful climate protection 

a) Energy mix by world region 

 

b) CO2 intensity of production 

 

Notes: 1 - CIS: Commonwealth of Independent States (Russia, Belarus, Kazakhstan, Kyrgyzstan, Armenia, Azerbaijan, Moldova, 

Tajikistan, Uzbekistan). 2 – GVA: Gross value added.  

Sources: Own illustration based on a) [16] and b) [41], [42], [43]. 
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Background 2: Leapfrogging 

Leapfrogging describes the phenomenon when countries or regions skip technological development 

steps instead of going through them in the order that has historically been the case in industrialized 

countries. For example, instead of initially relying on fossil fuel technologies as the basis for future 

growth and gradually replacing them with renewable energies, leapfrogging involves relying directly on 

modern, low-emission or climate-neutral technologies to achieve growth. This makes it possible to 

build sustainable infrastructures faster and more cost-effectively. Leapfrogging is a decisive factor for 

global climate protection, as emerging and developing countries in particular can achieve their desired 

economic growth with lower emissions. The direct use of advanced technologies can prevent the 

establishment of additional energy-intensive and environmentally harmful infrastructures on a large 

scale. This can limit or even prevent the increase in emissions caused by growth in developing and 

emerging countries. 

 

2.2.2 Costs of climate-neutral power supply as a decisive factor 

The lower the electricity costs that can be realized with the help of renewable energies, the better the 

"leapfrogging" of current technologies, some of which are still fossil-based. In this context, it is 

appropriate to take a closer look at the development of electricity generation costs. The generation of 

electricity from renewable energies, particularly wind and PV, has become increasingly cheaper in 

recent years. Current estimates of the LCOE, i.e. the costs for the construction and operation of a 

power plant in relation to the amount of electricity generated over its entire lifetime, are 3.1 to 

5.0 ct/kWh for PV and 3.9 to 8.3 ct/kWh for onshore wind in Germany in 2045 [44]. The LCOE varies 

greatly depending on the size of the systems, especially for PV systems [44], [45]. Estimates have 

recently been adjusted upwards due to higher interest rates, and higher raw material prices can also 

have a significant impact on the expected costs. In particularly sunny regions, such as the Arabian 

Peninsula, PV electricity can already be generated at a cost of less than 3 ct/kWh [46]. 

However, wind and PV alone cannot secure the electricity supply in an industrialized country, as their 

supply is dependent on hours of sunshine and wind. Around the world, various technologies will be 

used to complement renewables in order to fill the gaps in supply, make use of generation peaks and 

thus complete the energy mix. It is important to realize that these technologies will often have a larger 

share of the resulting production costs than the renewable energies themselves. On the generation 

side, gas-fired power plants, battery storage, flexibility in the electricity system and also nuclear power 

plants will play an important role in a climate-neutral electricity system, depending on the 

transformation path of the country in question.  

Calculations show that the costs of meeting the demand for electricity in a completely climate-neutral 

way can vary greatly depending on the technology mix. Estimates in [47] show generation costs of 

around 10 ct/kWh (excluding grid costs, taxes, levies and surcharges) if hydrogen-powered gas-fired 

power plants are used as long-term storage and batteries are also used as short-term storage. If the 

residual load, i.e., the electricity demand not covered by wind and PV, is covered exclusively with 

previously stored electricity from batteries in an extreme scenario, the average costs of electricity 

generation increase significantly (cf. Figure 6).  
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Figure 6: Comparison of electricity production costs 

 

Notes: 1 - LCOLC - Levelized Cost of Load Coverage: the minimum cost (in ct/kWh) of meeting a given electricity demand, taking 

into account the investment and operating costs of all technologies required in the minimum power plant mix (e.g., wind, PV, 

batteries, gas-fired power plants, etc.). 2 - LCOE - Levelized Cost of Electricity: the average cost of generating electricity (in ct/kWh) 

by a specific technology, whereby the investment and operating costs of the specific technology (wind, PV) are broken down to the 

average cost per kWh. 3 - To calculate the LCOLC values shown, a constant demand over all periods was assumed. The calculations 

for covering a demand following the standard load profile lead to similar results with regard to the comparison of the technologies 

used, see [47], [48].  

Sources: Own illustration based on [47], [49], [50], [51].  

 

 

In some countries, nuclear power will play an important role in the transformation. Existing estimates 

of the production costs (without taking into account the perpetual costs for the final storage of nuclear 

waste and the costs of insurance against a nuclear accident, which are not priced in) are in the best 

case below the costs of a system of renewable energies and hydrogen-fired gas-fired power plants, 

and in the worst case significantly above (cf. Figure 6). Due to their generation profile, nuclear power 

plants will not supplement renewables, but will cover a proportion of demand, meaning that a smaller 

proportion of demand will have to be met by renewables and complementary power plants.  

In addition to the conversion of generation to climate-neutral generation technologies, extensive 

investments in transportation grids for electricity and hydrogen are required. The necessary 

investments at transport and distribution grid level differ depending on the structure of generation and 

consumption. A more decentralized electricity system with many small feed-in points requires more 

extensive grid expansion, especially at the distribution grid level, and comprehensive digitalization that 

enables coordination of the many decentralized players. Although the expansion of renewables 

primarily at particularly high-yield locations reduces their production costs, it increases the need for 

transport grids to transport the electricity to the consumption centers. Grid expansion could therefore 

be lower and therefore more cost-effective if an attempt is made to take the necessary grid expansion 

into account when transforming the generation mix [52], [53], [54].  
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2.2.3 Lack of production capacities and long completion times for plants 

Considering the time required to build up capacity is not only crucial in order to avoid unnecessarily 

high costs. It is also a prerequisite for success due to the limited production capacities for new systems 

and the long completion times. 

Figure 7: Barriers to the energy transition 

a) Average construction time1 of electricity 

generation (capacity-weighted), 2010-2018 

 

b) Duration of wind project development in 

Germany 

 

 

c) Installed and planned production capacities for energy transition technologies 

 

Notes: 1 - The construction period (worldwide, IEA data) is measured as the time between the final investment decision and 

commissioning. 2 - For wind turbines, the IEA reports separate values for rotor blades, towers and nacelles, with comparable trends 

between regions for all three components [55]. 3 - The red dots refer to the forecast demand for the respective technology in 

Germany in 2030 according to the IEA's 'Announced Pledges Scenario'. 

Sources: Own illustration based on a) [56]; b) [57] and c) [55]. 
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Today, the completion of a renewable energy plant takes around two years from the start of 

construction to completion, while the completion time for a thermal power plant is more than four 

years (cf. Figure 7 a)). The construction times for nuclear power plants and grid capacities are 

significantly longer. The projects are often delayed by several years compared to the original planning 

due to planning and approval procedures as well as acceptance problems among the population (cf. 

[23, Ch. 3.4.2]). Added to this are the significant times required for the application and approval of 

construction projects, particularly in Germany (cf. Figure 7 b)). In recent years, various laws have been 

passed to speed up and simplify procedures at national and European level, although it will only be 

possible to assess their effectiveness in the coming years. 

On the one hand, achieving the climate targets therefore only seems possible if the transformation 

path does not overstretch the realistically available production capacities for plants - worldwide. On 

the other hand, a consistent and predictable climate policy must ensure that sufficient additional 

production capacities are built up. This is currently being achieved to a greater extent in Asia than in 

Europe and the USA (see Figure 7 c)). If Europe wants to compete for global markets and also establish 

production capacities for its own transformation in strategically important areas, it is important to 

adapt the ramp-up of production capacities to its own level of ambition by strengthening the 

corresponding framework conditions. 

 

2.2.4 Innovative strength and capital markets as important growth drivers 

Europe, and Germany in particular, has various locational advantages with regard to the development 

of production capacities in the clean tech sector. Research at universities is a world leader in many 

technologies relevant to the energy transition and is closely interlinked with the numerous applied 

research institutes and industry.  

A large proportion of patents relevant to the energy transition are therefore in the hands of domestic 

companies (cf. Figure 8 b)). Here too, however, China has caught up rapidly in recent years (Figure 8 

a)). Not only the number, but also the quality of patents plays a decisive role when it comes to gaining 

or maintaining a competitive advantage. However, it is particularly important whether the technologies 

protected by these patents can be established as international standards. The more widespread and 

established a product or technology becomes, the more valuable the associated patent becomes. This 

is why Asian companies and the governments are specifically involved in standardization committees 

to ensure that their technologies become the global benchmark. 

In order to make research and development results usable for new value creation in CleanTech, 

framework conditions are also required that incentivize investment in start-ups and financing in the 

growth phase. The framework conditions must first ensure that the corresponding business models are 

profitable so that financing via banks or the capital markets is possible at all. In addition, deep and 

efficient capital markets are of great importance. In Europe, for example, the diversity of national and 

sometimes even regional regulations as well as the diversity of languages means that available capital 

cannot be put to the best use and is not available to innovative players in the CleanTech sector in 

particular [58].  
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Figure 8: Innovative strength through patents 

a) Trends of international patent families1 in 

the CleanTech sector, 1997-2021 

 

b) Region-specific share of patents in the field of 

"clean & sustainable technologies", with first 

publication in the years 2017-2021 

Notes: 1 - An international patent family (IPF) is a group of patent applications relating to the same or similar technical content. The 

applications of a family are linked by priority claims (which allow the filing date of an earlier patent application to be claimed for 

subsequent international applications) (cf. [59]). 2 - Other European Patent Office (EPO) member states include Albania, Switzerland, 

Iceland, Monaco, Montenegro, North Macedonia, Norway, Serbia, San Marino, Turkey. 3 - CCMT: Climate change mitigation 

technologies. 4 - ICT: Information and communication technology. 

Source: Own illustration based on [60].  

 

2.2.5 International division of labor and cooperation remain important 

Not every technology that is developed in Europe and initially produced in small volumes can ultimately 

be transferred to mass production locally. Depending on the production process, other countries 

around the world may have comparative advantages, with the result that the international division of 

labor ultimately makes Europe a net importer of products that are important for the energy transition. 

We are already seeing this today with PV modules, heat pumps and, increasingly, battery electric 

vehicles. The discussion as to whether industrial policy is needed to keep production capacities in 

Europe or bring them back is omnipresent. It is a challenge - not least due to the numerous interest 

groups - to recognize where there are good arguments for state intervention and where this is not the 

case.  

In order to create the conditions for climate-friendly industrial value creation in Germany and Europe, 

it will be necessary to switch to climate-friendly energy carriers. The necessary speed of the conversion 

of energy imports represents both a challenge and a prerequisite for success. It will be crucial to 

negotiate wisely with existing exporters of fossil fuels as well as potential suppliers of renewable 

energy carriers. Today's energy exporters are threatened with significant losses in income from the 

fossil energy business, which could potentially jeopardize political stability and trigger conflicts. For 
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countries with pipeline connections to Europe in particular, negotiation solutions are therefore required 

that take into account the opportunities and risks for the regions affected [61]. On the other hand, with 

regard to climate protection, it is clear that countries with fossil resources will find customers who also 

want to promote their growth and prosperity on the basis of fossil fuels (cf. [41] and Figure 2). 

Countries that have great potential for renewable energies, but have not been among the energy 

suppliers to date due to a lack of fossil resources, often do not have the necessary infrastructure for 

energy transportation. They are also often not in a financial position to develop structures on their 

own. 

 

Figure 9: Extraction and processing of strategic raw materials 

a) Share of the largest producing countries for 

critical raw materials in global demand, as 

at 2019 

b) Share of the three largest exporters in global 

exports of processed raw materials1, 

 as at 2020 

 

Notes: 1 - Bi-bismuth, BO-borates, Ge-germanium, Co-cobalt, Li-lithium, Mg-magnesium, Ni-nickel, Pd-palladium, PO-

phosphates, Pt-platinum, REa-rare earths. 2 – UK: United Kingdom. 

Sources: Own illustration based on a) [62] - edited by EEM and b) [7]. 

 

In addition to traditional energy carriers, non-energy raw materials will also play a key role in the 

transformation to a climate-neutral energy system in the future. These so-called critical raw materials 

are indispensable for the production of the technologies required for a climate-neutral energy system, 

such as PV systems or electrolysers. In the future, their importance for the energy industry will be 

similar to that of traditional energy carriers. Figure 9 a) shows which countries have the largest share in 

the production of these raw materials. It is striking that the three largest producing countries account 

for at least 60 % of global production of each resource. In addition, mining mainly takes place in 

countries of the global South and in Asia. The processing of strategic raw materials is also of crucial 

importance (see Figure 9 b)). There is also a strong concentration of activities here, particularly in 

China, which has deliberately invested in the establishment of processing facilities in recent years. 
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The high market concentration and limited availability of strategic raw materials along the value chain 

pose a risk to the success of the energy transition. In view of the expected increase in demand and the 

resulting surplus, prices for these raw materials are expected to rise. If global production cannot be 

increased sufficiently in the short term, this could also lead to a slowdown in the progress of the 

energy transition [7], [23, Ch. 6.3]. As the relevance of this issue has also been recognized by 

politicians, strategies and guidelines have been adopted at both national and European level to ensure 

the availability of critical raw materials [63], [64] which also focus on strengthening domestic 

extraction and processing. The scientific community is calling for an even greater diversification of 

trade relations and a focus on partnerships with like-minded countries, e.g. in the field of rare earths, 

which Germany currently purchases from only two of the world's five largest exporters [65], [66]. This 

can reduce dependence on China in particular.  

 

2.3 Institutions 

2.3.1 Global climate cooperation - first steps have been taken 

As both the future growth of populous economies and megatrends such as artificial intelligence will 

increase the hunger for energy in the future, global cooperation in climate policy is crucial for success. 

Negotiations have been taking place at global climate conferences since 1992, with repeated 

breakthroughs that are nevertheless not yet sufficient. The commitments made to date are still 

insufficient to curb global warming at a sufficient pace [67]. 

Since all major economies will be extensively affected by the effects of climate change, there is 

potential for cooperation, although this is repeatedly limited by political realities and current debates 

[41]. Figure 10 a) illustrates that many countries around the world have already defined climate 

neutrality targets. Most countries worldwide have committed to the year 2050. However, some 

populous economies are not planning to achieve climate neutrality until later, such as China (2060) or 

India (2070). 

On a positive note, a large number of countries have already implemented emissions trading or carbon 

pricing. Although not all emissions are generally covered, a significant proportion is covered in many 

countries. Prices also vary, in many economies they are around USD 50/tCO2, but often even lower. In 

both China and the USA, various states have set up their own, more or less ambitious emissions 

trading schemes (see Figure 10 b)). Regardless of whether emissions trading or CO2 pricing in the form 

of a tax has been established, these mechanisms offer the prospect of emissions in various sectors of 

the respective countries being recorded with increasing reliability. This opens up potential for 

cooperation, regardless of whether the prices still differ. 
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Figure 10: Overview - Climate targets and existing GHG pricing systems 

a) GHG pricing (tax or emission trading system), coverage of emissions and climate targets by 

country, as of 01.04.2024 

 



Growth and climate protection: Germany and the EU in a global context 

21 

b) Regional CO2 pricing (tax or emission trading system) and coverage of emissions, 

as of 01.04.2024 

 

Notes 10 a): The chart only includes countries or higher-level institutions, not federal states, regions or similar. It only contains 

pricing systems from [68] with the status "Implemented". Countries sorted from top to bottom by climate neutrality target year and 

name. Countries with a target year for climate neutrality but no pricing system are listed in groups. 

1 - ETS: Emissions trading system. Prices are current prices as at 01.04.2024. 2 - Shares refer to national or supranational total 

emissions. 3 - Climate neutrality includes the following targets from [69]: "Carbon negative", "Carbon neutral(ity)", "Climate neutral", 

"Net Zero", "Zero carbon", "Zero emissions". Chart only contains climate neutrality targets with the status "Achieved (self-declared)", 

"Declaration / pledge", "In law", "In policy document". 4 - 7 - Target 20X0: Countries with the same target year without national 

pricing of CO2 emissions. 4 - Target 2030: Barbados, Bhutan, Dominica, Maldives. 5 - Target 2050: Ethiopia, Andorra, Armenia, 

Belize, Brazil, Costa Rica, Cambodia, Cape Verde, Comoros, Dominican Republic, Ecuador, Fiji, Gabon, Gambia, Georgia, Guyana, 

Laos, Lebanon, Liberia, Malaysia, Marshall Islands, Micronesia, Monaco, Namibia, Oman, Panama, Papua New Guinea, Peru, Solomon 

Islands, Sri Lanka, Suriname, Tonga, Tunisia, Tuvalu, Vanuatu, United Arab Emirates, United States of America, Vietnam. 6 - Target 

2060: Bahrain, Kuwait, Nigeria, Russia, Saudi Arabia. 7 - Target 2070: Ghana, India. 8 - As of 2023. 9 - No price data available for 

the ETS in Mexico. 

Sources 10 a): Own illustration based on [68], [69], [70]. 

 

Notes 10 b): 1 - Emissions trading system. 2 - RGGI (Regional Greenhouse Gas Initiative) is a coalition of the states of Connecticut, 

Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island and Vermont. 3 - No coverage data 

available for the tax in Durango, MEX. 

Sources 10 b): Own illustration based on [68], [69], [70]. 
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2.3.2 The key to success: joint institutions 

In recent years, various initiatives have been launched that do not yet constitute joint institutions, but 

could serve as the basis for a Climate Club ↘ Background 3. The G7 and G20 in particular have 

increasingly put the topic on the agenda. At the initiative of the G7, an initiative for a Climate Club was 

launched in 2022, which now includes over 40 countries together with the G7 states and the EU 

Commission (as founding members) [71], [72], [73], [74], [75]. One of the aims of the Climate Club is 

to limit the risks of relocating production to countries with less stringent climate regulations. So far, 

fields of action have been defined within the framework of the Climate Club, but these have not yet 

been underpinned by joint commitments or institutions. Harmonization of the CO2 pricing mechanisms 

is not currently on the agenda. Therefore, an instrument for CO2 border adjustment is necessary for 

the transitional period until similarly effective and binding emission reduction instruments have been 

established for economic entities in all member states of the Climate Club, as well as for trade with 

countries outside the Climate Club. 

 

Background 3: Climate Club 

A Climate Club is a group of countries that voluntarily join forces to jointly implement ambitious 

measures to reduce GHG emissions. The aim of such an alliance is to implement reliable emission 

reduction pathways by creating common rules, standards and incentives, thereby helping to limit the 

rise in global temperatures. Cooperation could take place in emissions trading or direct or indirect CO2 

pricing, or in sectoral agreements (e.g. the establishment of lead markets for sustainable steel and 

cement [75]). In contrast to global climate agreements, which often represent weaker compromises, a 

Climate Club offers the opportunity to bundle the activities of pioneering countries in order to pursue 

ambitious targets and at the same time take measures vis-à-vis non-members to avoid the relocation 

of GHG-emitting industries to countries with less stringent requirements for GHG emissions. In this 

context, the term "carbon leakage" is used, as in this case the emissions are not mitigated by the strict 

requirements, but only shifted. These measures against non-members of the Climate Club, also known 

as border adjustment mechanisms (see ↘ Background 4), are intended on the one hand to prevent the 

relocation of emissions-intensive industries to countries with less stringent climate regulations. On the 

other hand, if cleverly designed, they can create an incentive for non-participating countries to also 

participate in climate policy measures (cf. [76]). 

 

Despite this progress, there are still considerable challenges on the way to a functioning Climate Club. 

One of the biggest hurdles is the fair design of sanctions against non-members. Countries that are not 

part of the club could be burdened by import tariffs or other trade barriers, which could lead to 

political tensions and economic upheaval. Countries in the Global South in particular, which have 

difficulties reducing their emissions quickly due to limited financial and technological resources, could 

be disadvantaged. In addition, compatibility with the rules of the World Trade Organization (WTO) is 

questionable, especially as long as the actual carbon footprint of products cannot be priced due to the 

lack of a uniform recording system. 
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Another problem lies in the harmonization of climate protection measures. Different political and 

economic interests of the potential members of a Climate Club make it difficult to set common 

standards. While the EU, for example, sees a high CO2 price as an effective instrument, this could meet 

with resistance in other countries as they have different economic structures and energy dependencies. 

In addition, the club's rules must be compatible with existing global trade agreements such as the 

WTO, which poses further legal and diplomatic hurdles. 

After all, global acceptance and participation is crucial for the success of a Climate Club. A club 

consisting of only a few industrialized nations might not have enough influence to significantly reduce 

global emissions. The challenge is to get both emerging and developing countries on board and 

provide them with financial, technical and structural support to achieve their climate goals without 

jeopardizing their economic development.  
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Time and again, the discussion arises as to whether emissions can be sustainably reduced by reducing 

(emissions-intensive) production and consumption. Reference is often made to experiences from the 

recent past: during the coronavirus crisis, for example, as the restriction of consumption options due 

to lockdowns led to a significant reduction in global emissions (cf. Figure 2 a)). During the energy 

crisis, the (gas) shortages led to higher prices for fossil fuels and increased energy efficiency [77], [78], 

[79], [80] but also to a reduction in energy-intensive production in Europe and especially in Germany 

(cf. [81, Fig. 17]). This also significantly reduced emissions, which is why the climate targets were 

achieved in the industrial sector in 2022 [82]. Do these developments indicate that "degrowth" could be 

an answer to climate change? 

The analysis in Chapter 2 of the study makes it clear that such a "degrowth" strategy must be evaluated 

against the backdrop of global developments. Germany and Europe only have direct influence on 

national or European decisions. The behavior of other countries can only be influenced by international 

negotiations, the results of which depend on common goals (e.g. climate protection), negotiating 

power (e.g. due to economic strength or dependencies) and the extent of unilateral efforts or offers by 

individual actors (e.g. financial benefits or technology transfers). 

 

3.1 Deindustrialization and carbon leakage 

Firstly, the example of energy-intensive industry will be used to illustrate why the regulation 

associated with the climate targets can be counterproductive for climate protection if the availability of 

climate-friendly energy is not ensured in a timely manner.  

 

3.1.1 Without imports of climate-neutral energy: Industrial relocation and carbon 

leakage 

The energy-intensive industries that are particularly difficult to transform - steel, parts of the chemical 

industry, cement, lime, glass and paper - are facing major challenges at their locations in Germany and 

Europe. Time and again, the debate arises as to whether and how these sites can or should be 

preserved. Under the current climate targets of the EU and Germany, production must be converted to 

climate-neutral energy carriers in the next twenty years if it is to be maintained in the EU. Due to the 

long investment cycles, this is a very short period of time. 

With its hydrogen strategies [83], [84], [85] and other economic policy measures the German 

government is focusing on keeping some of the energy-intensive production in the country. Since the 

energy-intensive industries cannot completely replace fossil raw materials through electrification - for 

example because the necessary temperatures are too high or fossil gas or oil must be replaced as a 

raw material - climate-friendly hydrogen and derivatives based on it are needed [31] (see 

↘ Background 1). The German government's hydrogen strategy assumes a demand of between 95 and 

130 TWh of hydrogen per year for 2030, while the estimated demand for 2045 is between 360 and 500 

TWh of hydrogen per year, plus 200 TWh of hydrogen derivatives [85]. Figure 10 shows the quantities 

of hydrogen required and the electricity generation required for this if the hydrogen is produced by 

electrolysis (green hydrogen ↘ Background 1). The figure also shows (far left) the current electricity 

generation in Germany, around half of which comes from renewable energies. 
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The numbers impressively illustrate why Germany (and large parts of the EU) will be net importers of 

hydrogen and derivatives in the medium term (see also Figure 2 f)). The necessary increase in the 

production of renewable electricity would not be affordable domestically - due to the high population 

density and the lower annual production of renewable energy plants compared to other countries. In 

July 2024, the German government therefore - rightly - adopted an ambitious import strategy for 

hydrogen and hydrogen derivatives [85]. The aim is to import climate-friendly hydrogen and hydrogen 

derivatives such as methanol, ammonia and naphtha in order to partially maintain the production of 

energy-intensive goods in the country. 

 

Figure 11: Electricity required to cover the projected demand for green hydrogen in Germany 

 

Note: Heat generation is not included. Federal government forecasts for the entire hydrogen and derivatives sector are slightly 

higher than the figures listed. Electrolysis efficiency: 65 %. 

Sources: Own illustration based on [23], [85], [86], [87]. 

 

Figure 12 illustrates why this is a sensible strategy. Based on various studies ([31], [88]), the costs of 

climate-neutral production of high value chemicals are shown for four possible cases, from bottom to 

top: (i) the entire value chain, including the production of green hydrogen, in Germany; (ii) the import 

of green hydrogen from regions with excellent production conditions and the implementation of the 

remaining value chain steps in Germany; (iii) the import of green methanol from regions with excellent 

production conditions and the implementation of the remaining value chain steps in Germany; (iv) the 

relocation of the entire value chain, including high value chemicals, abroad. The location assumed in 

the studies for the cost-effective production of green hydrogen and possibly other value-added steps 

is a location with excellent conditions for exports (cf. Figure 2 f)). The calculations in various studies 

([31], [88], [89], [90]) and for various energy-intensive products (e.g. also fertilizers, steel) are 

structurally very similar. 
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Figure 12: Production costs of climate-neutral high value chemicals by location of the individual 

process steps (in relation to production in Germany) 

 

Notes: The chart is based on two studies in which different target years and export regions are examined [31], [88]. For each 

analysis, the production costs are normalized and shown as a proportion of the costs that would be incurred for production in 

Germany (= 100 %). In the case of [88] only the energy costs are shown. The bars correspond to the results in [31]. The intervals 

show the range of the various results in [88]. The "end product import" scenario assumes that all production steps take place at a 

location with excellent conditions for renewable energies and that the end product is transported to Germany. The "entire production 

in DE" scenario is based on the assumption that the end product and all intermediate products, as well as the hydrogen (green in the 

calculations), are produced in Germany. In the other scenarios, it is assumed that either the hydrogen (ship-based, which is 

particularly expensive) is exported to Germany from the region with the excellent conditions for renewable energies, or a hydrogen-

based intermediate product such as methanol is exported.  

Sources: Own illustration based on [31], [88]. 

 

The central insight of the studies is that if it is not possible to import sufficient quantities of hydrogen 

and hydrogen derivatives, the entire value chains for the production of energy-intensive products will 

shift abroad, as the production costs (for the climate-friendly value chain) abroad only account for 

around 80 % of domestic production costs. However, the increase in production costs is almost 

exclusively due to the higher costs for the production of hydrogen and hydrogen derivatives. So, if it is 

possible to import these, it seems conceivable to maintain competitive production of the climate-

neutral end products domestically. Importing hydrogen in its pure form is initially too expensive due to 

the still high transportation costs of pure hydrogen - as long as no pipeline infrastructure is available 

for import (see "Hydrogen import" bar in Figure 12). The aim should therefore be to import derivatives 

for which the necessary transport logistics already exist today, as the same energy carriers - produced 

from fossil raw materials - are already being used extensively today. 

 

3.1.2 Relocation of energy-intensive industry is likely to counteract climate 

protection 

If it is not possible to import sufficient quantities of hydrogen derivatives (as all EU member states have 

similar emission reduction requirements), it is likely that production sites will be relocated outside the 

EU. However, it is not to be expected that production at these locations will be climate-neutral in the 

short to medium term. If the entire value chain is relocated, the production of high value chemicals, for 
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example, will take place elsewhere. Numerous co-products (i.e. products that are inevitably created 

simultaneously in a production process for natural or technical reasons) that are currently used in 

various value chains would no longer be automatically available in Germany [91]. In addition, Germany 

would ultimately re-import this missing product portfolio as a component of imported intermediate 

and end products - and thus also the associated CO2 footprint. As a result of the relocation of energy-

intensive production, the CO2 footprint of domestic production would therefore decrease. Therefore, 

deindustrialization would seemingly bring us closer to the climate targets. On the other hand, the CO2 

footprint of consumption would increase, which has largely developed in line with the CO2 footprint of 

production in Germany to date (see Figure 4 a)). Figure 13 illustrates such a development using 

Switzerland as an example. Here, GDP has risen by 60 % and production-based emissions have fallen 

by 20 % since 1990, which initially suggests a decoupling of CO2 emissions from GDP. However, 

consumption-based CO2 emissions have risen by 40 % in the same period. This means that Switzerland 

has shifted the emissions caused by its consumption to other regions of the world. A divergence in the 

CO2 footprint of production and consumption can also be observed in other countries, for example in 

Singapore and - to a lesser extent - in the USA. 

 

Figure 13: CO2 footprint of production and consumption can diverge 

 

Notes: The figure shows the percentage change between 1990 and 2021, but not the fluctuations in the period between these years. 

1 - in international dollars (PPP, base year 2017). 

Source: Own illustration based on [37], an update of [38], [39] - edited by OWID. 

 

The EU is attempting to address this shift of emissions abroad ("carbon leakage") through the Carbon 

Border Adjustment Mechanism (CBAM). As part of the CBAM, the CO2 footprint of imports is to be 

subject to a CO2 levy, which cancels out the advantage of foreign production over domestic production. 

However, the implementation is associated with problems, which is why initially (and presumably for a 

long time) only the lower value-added stages will be affected. Carbon leakage due to the relocation of 

large parts of the value chain and the import of CO2-intensive intermediate and end products instead 

will therefore not be prevented with the current instruments (see also [23]). Therefore, the only way to 

keep the CO2 footprint of consumption reliably low is to import climate-neutral or climate-friendly 

energy carriers based on hydrogen. Their CO2 footprint - in contrast to the CO2 footprint of 

intermediate and end products - can be monitored on the basis of certifications. In addition, these 

products are already covered by the CBAM (see ↘ Background 4). Achieving the import targets of the 

import strategy should therefore have the highest priority. 
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Background 4: The EU Carbon Border Adjustment Mechanism (CBAM)  

The EU's CBAM is an instrument that imposes a CO₂ levy on imports of certain CO₂-intensive products 

[92], [93]. The aim is to avoid distortions of competition and prevent production facilities from being 

relocated to countries with lower climate protection requirements ("carbon leakage"). Following the 

introductory phase of the CBAM launched in October 2023 to implement the necessary approval and 

reporting obligations, the comprehensive launch of the system with the obligation to surrender CBAM 

certificates for the import of goods subject to the CBAM will follow from 2026. These include, in 

particular, basic materials such as iron, steel, cement, aluminium, fertilizers, electricity and hydrogen 

(derivatives). The CO₂ border adjustment is initially based on estimated values for the CO₂ footprint of 

imports, unless the importer can prove the actual CO₂ emissions associated with the production of the 

imported goods. In contrast to imports, there are currently no plans to exempt exports from the EU 

from CO₂ costs. This could put European exporters at a disadvantage compared to global competitors 

if their production countries do not have comparable climate protection instruments. 

 

3.2 Welfare state and defense capability 

In addition to the difficulties described above, which the relocation of energy-intensive industries 

entails for effective climate protection, a strategy that relies on economic degrowth is likely to be 

accompanied by further social and economic policy challenges. For example, many jobs are directly or 

indirectly dependent on economic growth, as are the expected tax revenues. Economic growth is 

therefore linked to the development of people's standard of living. 

 

3.2.1 Degrowth challenges the fulfillment of government tasks  

The social security system in particular relies on tax revenues and contributions, the potential level of 

which is closely linked to economic growth. A shrinking economy could make the financing of 

pensions, healthcare and other benefits provided by the welfare state much more challenging. In many 

advanced industrialized countries, the share of social spending in GDP has risen in recent decades (cf. 

Figure 14 a)). There are several reasons for this: The ageing population, rising healthcare costs as a 

result of demographic developments and the advancement of medicine, the increasing use of so-called 

automatic stabilizers (for example, short-time work benefits) in the economic cycle, and the expansion 

of the welfare state. In advanced economies, there is often a strong expectation among the population 

that the state will guarantee social security and support. This will of the electorate is repeatedly met, 

although it is naturally more difficult to withdraw benefits than to introduce them.  

In Germany, the range of benefits provided by the welfare state has been expanded in the good 

economic times of recent decades. For example, benefit entitlements not covered by contributions 

were anchored in the pension insurance system, which are financed by an ever-increasing subsidy from 

the federal budget [94]. These include, for example, the mothers' pension or the pension from 63. In 

recent years in particular, structural reforms have repeatedly failed to slow down the increase in 

expenditure on social security systems.  



Degrowth does not lead to more climate protection 

 

30 

During the coronavirus crisis, the government spending ratio (the ratio of total government spending 

to GDP) increased in many advanced economies and fell to varying degrees after the crisis (cf. Figure 

14 b)). Germany (along with other EU member states) is one of the countries in which the government 

spending ratio remains at a high level - not least due to low economic growth. In the economic policy 

debate, despite the currently high government spending ratio and the considerable debt currently 

planned in the budget (new debt of around EUR 50 billion for 2025 [95]), extensive spending 

requirements are being called for that have no place in the public budgets. This gives an impression of 

the social debates that would arise in the event of a degrowth strategy: Government spending would 

account for an ever-increasing share of GDP, the pressure to allow more debt would rise, but 

nevertheless most (in part justified) concerns could not be financed. In the event of degrowth, it would 

not even be enough to limit the increase in social expenditure in order to create financial leeway in the 

budget. It would have to be significantly reduced. 

 

Figure 14: Social expenditure and government spending ratio 

a) Share of social expenditure in GDP 

 

 

b) Government spending ratio in selected 

economies 

 

Sources: Own illustration based on a) OECD, GCEE and b) BMF, OECD, GCEE. 

 

3.2.2 Rising spending needs: Defense, education, infrastructures 

Among the many spending needs that are being discussed politically, there are some that clearly fall 

within the remit of the state and must be given greater prioritization. Defense spending (as a 

proportion of GDP) has declined in Western industrialized countries since the end of the Cold War (cf. 

Figure 15 a)). However, this trend must be reversed in view of current geopolitical developments and 

the increasing pressure from the USA on Europe [96]. However, an actual strengthening of the defense 

capability is likely to be difficult to implement with declining economic power. On the one hand, 

sufficient public funds are needed to prepare the Bundeswehr for the challenges of new geopolitical 

developments. On the other hand, the innovative strength of the economy is an essential prerequisite 

in order to keep up with the competition for the latest weapons systems and to be able to manufacture 

security-relevant components in Europe in the future.  
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By neglecting to strengthen its defense capabilities, Europe is likely to expose itself to a greater risk of 

future military confrontations [96]. However, a further intensification of military conflicts would shift 

the focus from climate protection to escalation hotspots in Europe and worldwide and push effective 

climate protection into the background. 

Further government spending requirements arise in the area of future-oriented expenditure, in 

particular for certain public investments and in the areas of research and development as well as 

education [97]. Figure 15 b) illustrates that the areas of expenditure discussed here alone account for a 

large proportion of public budgets and are likely to increase (healthcare and social security) or should 

increase (defense, education, research) due to structural developments such as demographic ageing. 

One prerequisite for this is economic growth.  

 

Figure 15: Little leeway for future-oriented spending 

a) Military spending in selected economies 

 

b) Social, health, education and defense 

spending in Germany

 

Sources: Own illustration based on a) [98] - processed by OWID and b) Eurostat, GCEE. 

 

 

3.2.3 A failure to mitigate social burdens jeopardizes acceptance of climate 

protection  

Over the past few years, it has become increasingly clear that climate protection ultimately affects 

households directly in their living environment. The costs of converting the heating supply became a 

political issue during the discussion of the Building Energy Act (in German, Gebäudeenergiegesetz, 

GEG) and led to extensive relief measures being planned. The rising prices of electricity and fuel, which 

households cannot be spared in the course of the transformation, will hardly be enforceable without 

cushioning the hardships for low-income households. Sufficient state potential for measures to 

cushion hardship is therefore likely to be a prerequisite for the adoption and implementation of 

effective climate protection measures. 

As part of a degrowth strategy, the social cushioning of climate policy measures is likely to be difficult 

to finance. This could reduce broad acceptance of climate protection, especially if, instead of 

cushioning the hardships of climate protection measures, cuts in the financing of pensions, healthcare 
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and other social benefits were to increasingly dominate the political debate. Without a general 

acceptance of climate protection among the population, it is difficult to imagine establishing a reliable 

regulatory framework that provides incentives for companies and private households to invest in 

climate protection measures. However, it is precisely private investment that is needed to accelerate 

the transformation. In recent years, private sector investment has accounted for around 88 % of overall 

economic investment in Germany [99]. If politicians do not succeed in establishing reliable framework 

conditions that make climate-friendly investments more attractive than fossil fuel business models, 

climate protection will not succeed in Germany and beyond. In a democracy, climate protection through 

degrowth would therefore hardly be sustainable [100], [101]. 

 

3.2.4 Sustainable fiscal policy as the basis for growth and climate protection 

Although a relaxation of the debt brake is currently often presented as a solution, it is unlikely to be a 

suitable means of overcoming the challenges ahead, even if majorities could be obtained. According to 

calculations by the German Council of Economic Experts (GCEE), if an increase in the debt ratio in 

Germany is to be avoided, the additional scope is only between EUR 8 and 12 billion per year [102]. 

However, this additional leeway is not nearly enough to make structural reforms unnecessary. An 

increase in debt following a relaxation of the debt brake and possible debt crises in Europe as a result 

would also shift the focus away from climate protection [103]. Ecological and fiscal sustainability must 

therefore go hand in hand. An effective climate policy over the next 20 years requires a sustainable 

financial policy that guarantees that the state can continue to reliably fulfill its tasks in the future. 

Instead of a degrowth strategy, a combination of sustainable growth, technological progress and 

structural reforms is likely to be more effective in ensuring climate protection and economic stability. 

Germany and Europe will have to act strategically and jointly to lead Europe and cooperation partners 

worldwide into a climate-neutral future under the emerging framework conditions. Some elements of 

such a strategy are outlined in Chapter 4.  
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Europe was an early advocate of reducing emissions in international climate negotiations (cf. [41]), has 

taken extensive climate protection measures over the years (such as the introduction of the EU 

Emissions Trading System (EU ETS) in 2005) and has decided to achieve climate neutrality in 2050 with 

the Green Deal (cf. Figure 10 a)). However, a pioneering role alone is unlikely to lead to success in the 

necessary global reduction of GHG emissions. It could even be counterproductive if a unilateral 

transformation results in a loss of competitiveness for Europe and thus also reduces the potential for 

cooperation and international climate financing [104], [105]. Instead, Europe must get the other 

countries "on board" through its actions (cooperation) and at the same time strive for technological 

leadership in key technologies (competition). It should therefore be considered for all measures 

whether and through which mechanisms they contribute to actually reducing emissions worldwide. 

Measures that weaken Europe's influence in the world, that contribute to carbon leakage (cf. Chapter 3) 

or that release fossil resources which are then used elsewhere should be critically scrutinized. Climate 

protection can only succeed if Europe makes use of its many opportunities to decisively drive forward 

the reduction of global emissions on the way to achieving its own climate targets. Germany and Europe 

need to combine growth-oriented structural change with international cooperation in a smart way. 

 

4.1 Role model Germany? Others will imitate what works  

Europe is in a good starting position to drive forward climate protection at home and worldwide. 

Europe's role model function can play a role in the global context when it comes to showing other 

countries possible transformation paths. However, the European model will only be imitated if it is 

possible to achieve the internationally agreed climate targets in the EU member states as cost-

effectively (efficiently) as possible and without major social upheaval [105]. Furthermore, it is not 

enough to rely on the role model function; it is crucial to focus on the international coordination of 

climate protection (cf. [104], [106] and Section 4.2). However, the successful implementation of climate 

protection can facilitate international cooperation on climate protection, for example by reducing the 

costs of implementing climate protection for imitators. A role model function can arise both with 

regard to the regulatory framework and with regard to the concrete implementation of climate 

protection by means of technological solutions. 

 

4.1.1 Framework conditions 

Framework conditions might be imitated if their effectiveness is demonstrated. Europe, for example, 

established European emissions trading in the energy sector and for parts of industry back in 2005, 

which has since been extended to other sectors [23, Ch. 10], [107], [108], [109], [110], [111]. In the 

meantime, emissions trading systems have also been established in various regions of the world (cf. 

Figure 10 a) and Figure 10 b)), often based on the European regulation, such as in China, New Zealand 

or South Korea [70], [112]. It can be seen worldwide that emissions trading successfully reduces 

emissions [108], [113]. However, rising CO2 prices can lead to a competitive disadvantage for the 

companies and regions affected by them [114], which is why efforts to anchor emissions trading 

internationally must be an important part of the further development of this instrument. The EU's 

CBAM (↘ Background 4) can play an important role on the path to global integration of emissions 

trading systems [104]. Emissions trading in the EU in conjunction with a carbon border adjustment may 

well be suitable for the establishment of a climate club [23], [76] (↘ Background 3). In particular, it 
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increases the incentive for third countries to introduce emissions trading – if designed appropriately – 

[115], [116], [117] and to use the instrument of border adjustment at the external borders of the 

Climate Club.  

Another climate protection instrument that is being imitated internationally is the feed-in tariffs under 

the German Renewable Energy Sources Act (EEG), which have led to a massive expansion of PV and 

wind energy plants and the corresponding production capacities for these plants since 2000. Most 

recently, a similar strategy was pursued in the USA with the Inflation Reduction Act (IRA), whereby tax 

breaks are granted within a specified period for the expansion of capacities of certain technologies 

(such as electrolysis plants, wind and PV capacities). Such instruments have proven to be effective in 

scaling up the expansion of plants as quickly as possible. In the case of new technologies, this often 

leads to a reduction in costs during the industrialization of production, from which other users also 

benefit and which can contribute to the spread of technologies worldwide. The most prominent 

example of this is solar technology. However, it has also been shown that the costs for the "first 

movers" are high if the programs are widely adopted. As a result, the support measures are often not 

sustained. As subsidies are reduced, the number of new installations usually decreases, as was the 

case in Germany with the expansion of wind and PV. Production capacities for systems are also shifting 

to countries with favorable location conditions in the medium term. PV modules, for example, are now 

largely manufactured in China. When it comes to support measures that involve high costs for 

taxpayers, it is therefore not necessarily expedient to always be among the pioneers. On the contrary, 

it can be helpful for climate protection if different countries share the task of bringing about cost 

degression for important technologies [118].  

 

4.1.2 Technological implementation 

Technological solutions for the transformation of the energy system or the transformation in 

companies can serve as a role model and be imitated internationally. For example, energy efficiency 

solutions or self-supply models for companies as well as neighborhood solutions for energy supply in 

urban districts can create interesting role models for regions where there is currently no nationwide 

electricity grid. Advances in the series production of buildings and the circular economy can also shift 

standards worldwide. 

Europe's role as a role model can have several advantages. If technologies in which European 

companies are technology leaders are scaled up in Europe, the feasibility and attractiveness of climate-

neutral solutions can be demonstrated. Imitation in other countries around the world is then associated 

with lower costs for them. European activities can therefore also lead to local companies becoming 

leading providers of smart energy transition solutions on global markets. Competitive advantages can 

arise from early scaling if the technologies are widely used worldwide and the added value is fully or 

partially retained domestically. 

Europe can play a special role model function in the implementation of a climate-friendly energy 

supply. The heterogeneity of European countries with their different solutions for a climate-neutral 

energy supply enables the member states to demonstrate many different transformation paths. Due to 

different preferences (e.g. for nuclear power), but also due to different geological conditions 

(availability of hydropower or good wind and solar locations), it is clear that the transformation of the 
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energy supply can succeed under very different conditions. It will therefore be of great importance that 

these different transformation paths interact effectively and, above all, cost-efficiently in Europe.  

In particular, one cannot and should not expect other countries to imitate German solutions 1:1. On 

the contrary, the acceptance of different national transformation paths, which are typically based on 

different starting conditions or preferences of the population, is a prerequisite for the success of global 

climate protection. Climate protection efforts will therefore encounter the least resistance if the 

international community agrees on common goals and an institutional framework that is as open to 

technology as possible, but leaves the technology paths to developments in the respective countries 

[119]. 

For Germany, the phase-out of nuclear power and coal-fired power generation means that the most 

cost-efficient electricity supply possible must be achieved on the basis of renewable energies, gas-

fired power plants (powered by hydrogen in the long term), storage and flexibility, and that integration 

into the European internal market is also of great importance. In addition to the availability of 

hydrogen for power generation, hydrogen procurement for industry must also be successful. In order 

to act as a role model in this context, this dual challenge must be mastered without any significant loss 

of competitiveness. Figure 6 illustrates that no substantial disadvantages in electricity costs are to be 

expected if the power plant mix is designed cost-efficiently [47]. However, due to numerous small-

scale subsidy measures Germany is currently not on the path to an efficient energy supply. Rooftop PV 

systems, for example, receive significantly higher feed-in tariffs than ground-mounted systems, which 

unnecessarily drives up the costs of the system [45]. 

 

4.1.3 Standards and certification  

Another advantage of being a role model can be greater influence in standardization and certification 

processes. In standardization committees around the world, companies and increasingly also countries 

are committed to aligning international standards closely with their patent portfolios. On the one hand, 

technological properties are important in the development of standards. However, the standards that 

are ultimately established also depend on the commitment of the companies and countries in the 

relevant committees as well as on the already established applications of the technologies.  

Germany and Europe should place a particular focus on energy transition technologies here [120], 

[121], [122]. If global standards are set close to the patents and product portfolios of companies in 

Germany and Europe, they have an important 'first mover' advantage. Calculations for the period 1997 

- 2006, for example, show a benefit from standardization activities of around 17 billion euros per year, 

which corresponded to 0.7 to 0.8 % of GDP during this period [123].  

However, German and European players are less coordinated in the committees than representatives 

from other nations. For small and medium-sized enterprises (SMEs) and start-ups in particular, 

financial and personnel bottlenecks are one of the main obstacles to participation in standardization 

committees. In order to influence standardization, better coordination of international activities at 

national and European level is of central importance. The pre-competitive phase is crucial here, in 

particular the anticipation, prioritization and addressing of standardization needs in strategic areas. 

Against this backdrop, the establishment of the High-Level Forum on European Standardization and 

the German Strategy Forum for Standardization in January 2023 are to be welcomed. In the strategic 

areas where there is great growth potential for Germany or Europe, coordination platforms should be 
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set up in a timely manner to accompany the activities in the field of standardization and guarantee 

good coordination between public and private interests (see e.g. [124] for the field of hydrogen 

technologies).  

 

4.1.4 Negative examples deter others 

If climate policy measures are successful, they could be imitated by other regions of the world. In the 

case of regulatory frameworks, this would have the advantage of coming closer to a "level playing field" 

in terms of the economic burden of climate protection. However, the prisoner's dilemma in the 

provision of global public goods implies that interests in other regions of the world are also opposed 

to the adoption of regulations. Climate negotiations, joint institutions and financial incentives must 

therefore play an important role (more on this in the following section). In the case of certification 

procedures and the monitoring of activities, imitation by many countries worldwide can reduce the 

costs of implementation due to greater standardization. However, the same can also apply in reverse: if 

others have better regulation, consideration should be given to adapting in order to benefit from the 

advantages of better and, above all, common or harmonized institutions.  

Those who present and implement regulation or technologies at an early stage must pay attention to 

the attractiveness of the solutions. Inefficiencies in implementation (e.g., over-subsidization of PV 

systems for private households) can create reservations about the transformation among observers and 

make imitation unattractive. A variety of support mechanisms that make the implementation of the 

energy transition costly, that can ultimately not be sustained and that erode acceptance can turn a role 

model function into the opposite.  

 

4.2 International cooperation and support 

International cooperation is the key to successful climate protection. On the one hand, the majority of 

emissions are already being caused outside Europe today and future growth in emerging and 

developing countries – if it is based on fossil fuels – is likely to exacerbate this effect (see Figure 1 and 

Figure 2). On the other hand, the transformation to a climate-friendly economy will be easier to 

achieve in Europe if climate-friendly business models become more attractive worldwide in relation to 

fossil fuels. However, considerable efforts are required to achieve this. 

 

4.2.1 Strategic climate cooperation: joint institutions are key 

International cooperation is necessary for climate protection, even across the borders of geopolitical 

blocs. The majority of global emissions already occur in Asia today, while energy consumption in Africa 

is likely to increase significantly due to population growth. A key challenge is that many countries have 

large reserves of fossil resources, which would be devalued by a switch to renewable energies (cf. 

Figure 2 e)). In autocracies, fossil resources are often a significant factor in the power structure and the 

maintenance of power [125]. The resulting reservations about a transformation to renewable energies – 

which typically breaks up the monopoly in energy supply – must be taken into account in negotiations 

on joint institutions. 
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Unilateral climate targets and national climate protection contributions, which many countries around 

the world have now adopted in the course of international climate negotiations (cf. Figure 2 a) and 

Figure 10) are a step forward, but not enough to achieve the goals of the Paris Climate Agreement. On 

the one hand, these voluntary commitments are not yet sufficient to achieve the containment of global 

warming agreed in Paris [67]. On the other hand, there is a lack of implementation of these targets. In 

order to achieve effective climate cooperation in the international context, reciprocal joint 

commitments are necessary [106]. This is an agreement to abide by rules, provided that others also 

abide by the agreed rules. Simply acting as a role model or even a pioneering role in climate protection 

is not suitable for achieving climate targets worldwide; a pioneering role could even prove to be 

counterproductive (see Section 3.1), for example because it weakens a country's negotiating position in 

the struggle for common institutions.  

Various candidates for a joint commitment have been discussed in the past, which could facilitate 

progress in global climate protection and level the playing field worldwide. These include sectoral 

agreements to reduce emissions and a global CO2 minimum price. The latter is considered to be a 

particularly effective means [106]. In general, such agreements or joint institutions are unlikely to be 

achievable globally, but will initially only comprise a "community of the willing". It would therefore be 

conceivable to work towards a solution that combines a common CO2 minimum price in some 

countries (or another effective instrument) with a Climate Club. In this case, the club members could 

secure themselves with a CO2 border adjustment mechanism in order to maintain their competitiveness 

and at the same time avoid carbon leakage – i.e., to ensure the effectiveness of climate protection 

measures. 

Cooperation in the development of certification and monitoring systems for recording emissions is also 

of great importance for international cooperation in reducing emissions. Such cooperation initiatives 

and unilateral measures such as the CBAM must be considered together. Ideally, it must be possible to 

identify the CO2 footprint of goods so that they can be treated differently in the CBAM. Taking the 

actual CO2 footprint into account in carbon border adjustment implies that it is attractive to keep it low 

for goods imported into the Climate Club, as this saves costs.  

Cooperation involving institutions and the regulatory framework is particularly important because the 

investments required to achieve the climate targets cannot be raised by the public sector alone. The 

greater the incentives for private investors to contribute to climate protection worldwide through joint 

institutions such as emissions trading, the faster effective international financing of climate protection 

activities can be achieved.  

Strengthening emissions trading and other effective institutions that make the use of fossil fuels more 

expensive (e.g., sectoral agreements to reduce emissions) should increase the momentum of 

investments in climate-friendly business models. However, many countries around the world will be 

reluctant to make fossil fuels less attractive, as they often open up favorable growth prospects or 

generate income for the country itself from fossil fuel trading (cf. Figure 2 e)). In this case, 

international climate financing can both provide targeted incentives and increase interest in setting up 

effective institutions for climate protection. For example, international development banks could 

compensate emerging countries for the decommissioning of their coal-fired power plants [126], [127], 

[128]. Climate policy and development policy should be closely interlinked for this purpose. 

Efforts to establish joint institutions could initially focus on the major emitters worldwide. China, for 

example, is already extensively affected by the effects of climate change and also by the local effects of 
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the use of fossil resources (such as air pollution). Due to its high share of global emissions (cf. Figure 2 

a)) and the high proportion of clean tech production (cf. Figure 7 c)), China has both a great leverage 

and, in principle, a vested interest in establishing effective institutions. Clever initiatives in the 

direction of reciprocal cooperation, which enable China to also reduce local environmental pollution 

[129], could therefore have a chance of success. 

This is an opportunity, as joint initiatives in the area of climate protection can help to maintain 

channels of communication and partnerships despite diverging geopolitical or economic interests. This 

is of great value, as the importance of global public goods such as climate protection, health or 

financial stability is increasing despite current geopolitical developments. Europe can play an important 

role in this context. Efforts should focus on establishing mutually compatible institutions. This 

includes, in particular, the emissions trading system that China developed years ago based on the 

European emissions trading system and has now implemented. After initially only including the 

electricity sector, the system is now being extended to companies in the steel, cement and aluminum 

sectors [112].  

 

4.2.2 Energy imports: Supporting new energy providers, leveraging synergy effects 

Even in a climate-neutral world, Europe will be the only major economic area to rely heavily on imports 

of "molecules" (i.e., climate-friendly hydrogen or hydrogen derivatives; cf. Figure 2 f)). It is therefore 

necessary to trigger diversified procurement proactively and promptly. If this does not succeed, there 

is a risk that significant parts of the energy-intensive industry will migrate (see Section 3.1). 

Negotiations with individual countries on the import of hydrogen derivatives show that the potential 

trading partner often wants to take over a larger part of the value chain than just the production of the 

basic materials. However, these relocations can become a problem for the European industrial structure 

if important co-products that are important in the highly complex industrial value chains are missing. 

In order to procure large quantities of climate-friendly raw materials and energy carriers from all over 

the world as quickly as possible, large quantities should therefore be put out to tender worldwide – if 

possible, by the EU or at least by a community of willing states. Tenders offer the possibility of 

structuring the rules in such a way that imports can be diversified [130]. In addition, tendering large 

quantities and the resulting competition among suppliers can make it easier to procure specific energy 

carriers and raw materials instead of having to accept the relocation of other links in the value chain. 

At the same time, competition among potential suppliers of climate-friendly energy carriers can reduce 

procurement costs for customers in Europe. The tendering of large quantities also makes it possible to 

generate price signals that can accelerate the transition to exchange trading [130].  

Active efforts to diversify energy imports are important in order to avoid repeating past mistakes. For 

example, scientific advisory bodies such as the Monopolies Commission repeatedly pointed out in the 

2010s that Germany should reduce its dependence on Russian gas by building LNG terminals [131], 

[132]. However, in view of the high costs of these measures, this has not been implemented by either 

private investors or the government. Once the supply of cheap energy has been realized by a few 

suppliers, it is often not possible to achieve greater resilience. 

A similar situation could arise with imports of hydrogen and hydrogen derivatives if the diversification 

of the ramp-up is not proactively accompanied. Countries from the Middle East and North Africa 

(MENA) region, for example, are already coming into play as hydrogen exporters that can finance the 
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necessary investments from the oil and gas export revenues of the past decades. Potential competitors 

that have similarly good prerequisites for the production of climate-friendly hydrogen, but less 

financial strength, are unlikely to be able to make competitive offers on their own. These include 

democracies such as Chile, Colombia and Brazil as well as (partly democratic) African countries [22], 

[33]. It should be in the EU's interest to enable these countries to enter the global trade in climate-

friendly hydrogen at an early stage – also as part of an extensive financial commitment. This will help 

to reduce market power in global energy trading, especially in the long term.  

Investment protection agreements can play an important role in facilitating the financing of projects. 

These have recently been criticized as they hedge the risks of fossil investments from the past. Looking 

ahead, however, they should primarily reduce the risks of investments in climate protection projects, 

which can already be observed today [41, Ch. IV.2]. The critical attitude towards these agreements, 

particularly in the EU, should therefore be urgently reconsidered.  

The development of energy trade relations is accompanied by substantial funding requirements. 

However, if the cooperation partners ensure that the trade relations are mutually beneficial, various 

synergy effects can be achieved for the countries involved. For Germany and the EU, in addition to the 

diversification of energy imports (i.e., the reduction of dependencies), the procurement of raw 

materials can also be diversified and the strengthening of general trade relations with the countries 

concerned can be beneficial. Both leads indirectly to a reduction in dependence on countries such as 

China, without having to focus on restricting trade relations with them. The conflict potential of such a 

strategy (reducing dependencies by expanding alternative trade channels) is likely to be significantly 

less conflict-laden than actively withdrawing from existing partnerships.  

In addition to the positive effects for the diversification of trade relations, the development of new 

(climate-friendly) energy trade relations also holds significant value creation potential for German and 

European industry. This is because both the development of value chains and services in connection 

with maintenance and repair are among the core competencies of European companies. Extensive 

exports of technology and services can therefore be expected if the ramp-up of energy imports is 

accelerated. 

The partners can also benefit: In addition to the income from energy exports, the transformation of the 

energy supply in the partner country could be implemented more quickly if the projects are designed 

appropriately. If, for example, greater capacities for renewable energies are expanded than are 

required for electrolysis, growth could also be realized locally to a greater extent on the basis of 

renewable energies. This could also prevent a greater reliance on fossil fuels as economic performance 

in the partner countries increases. The possible and necessary transfer of technology to the partner 

countries can also encourage such a development. With the construction of the plants and their 

operation, it is also necessary to bring extensive expertise to the partner country and to qualify the 

relevant specialists.  

In addition to the direct impact on the energy supply and the associated competencies, there may also 

be other synergy effects depending on local conditions. For example, water scarcity can be reduced by 

increasing the size of seawater desalination plants, which have to be built anyway for the treatment of 

seawater for electrolysis [133], [134]. It is also foreseeable that new trade relations based on the 

revenues from energy trading could increase local prosperity.  
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4.2.3 Geopolitics: Interdependencies create stability, but also vulnerabilities 

Therefore, it cannot be a question of cooperating only with "friends" or only with other democracies, as 

important targets with regard to growth and climate protection would not be achieved in this way. In 

addition, it is not easy to divide the world into friends and enemies, or even just into geopolitical blocs. 

Both the bloc orientation of countries and the spheres of influence of major economies change over 

time and are often the result of long-term strategies. It is not least a matter of strategically influencing 

these developments, for example through climate protection cooperation and trade agreements. 

 

Figure 16: Block alignment of countries and participation in the Belt and Road Initiative 

 

Sources: Own illustration based on [135], [136], [137]. Country boundaries based on [21]. 

 

Figure 16 shows an example of the assignment of countries to geopolitical blocs based on the 

proportion of arms imports from either the USA/Europe (blue) or China/Russia (red). Other indicators 

for geopolitical classification give a similar picture [135]. It is noticeable that many states, particularly 

in Africa, could not be clearly categorized in the past. However, the political stability of regions and 

their geopolitical classification are constantly changing. Both at a military level (e.g., via arms exports) 

and via strategic trade partnerships, influence is constantly being exerted on the world order. For 

example, China has extended its "Belt and Road Initiative" to many countries in Africa and South 

America since 2017 (see Figure 16), which are also major producers of raw materials (see Figure 9 a)) 

and potential energy suppliers (see Figure 2 f)) for Europe [136], [137], [138]. 

Europe in particular, with its need for imports of climate-friendly energy and critical raw materials, 

must counter the Chinese initiatives. Europe's foreseeable dependence on imports in the future means 

that there is a need, but also an opportunity, to strengthen and restructure networks and cooperation 

worldwide. This cannot be about triggering "change through trade". Rather, it is about reducing 

dependencies and increasing global stability [138] and resilience by expanding trade relations with 

many different partners, both in energy trade and in the procurement of raw materials as well as trade 

relations in general. 
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However, the diversification of trade relations alone is no guarantee of stability in times of increasing 

geopolitical tensions. This is because autocracies today are willing and able to use the complex 

network of trade relations directly and indirectly as a weapon (weaponized interdependence) [125]. 

This was recently observed in the example of Russian gas and the blockade of Ukrainian grain exports. 

In this way, shortages can be used to trigger inflation or refugee flows and put democracies under 

pressure. In the course of diversifying and reorganizing trade relations, it is therefore important to pay 

attention to resilience and to identify and occupy important nodes in the economic network [139], 

[140], [141]. These nodes range from critical raw material deposits to platforms for processing 

payment transactions [125]. It is also important – ideally at EU level – to identify critical production 

capacities for which it is advisable to maintain capacities within the EU's borders. These facets of 

resilience are still insufficiently understood. However, the ability to fend off "economic attacks" is an 

important basis for growth. However, efforts to create a "resilient economy" must not overshoot the 

mark, as even extensive reshoring (i.e., relocating production facilities back to the domestic market) is 

likely to reduce growth potential and not even lead to greater resilience. It may therefore often be a 

better option to create more resilience by diversifying supply relationships. After all, in times of crisis, 

it can be helpful to have access to goods that are not available domestically via international trade 

channels – such as masks during the coronavirus pandemic. 

In many regions around the world, Europe is perceived as an attractive (in some cases preferred) 

cooperation partner. However, cooperation with the EU is often complicated [142] while China (initially) 

usually appears to be a straightforward partner. In contrast to China's numerous trade policy initiatives, 

the EU has therefore found it difficult to conclude new trade agreements in recent years. Even 

agreements with other democracies, such as the Transatlantic Trade and Investment Partnership (TTIP), 

Mercosur [143] or the agreement with Australia [144], have failed due to the high expectations of 

Europeans to push through their own ideas (e.g. on climate protection) or due to the protectionist 

interests of individual member states [7], [145]. This development threatens both growth potential and 

success in climate protection if, on the one hand, it results in insufficient imports of energy and critical 

raw materials and, on the other, Europe loses access to important markets. 

 

4.3 Securing a low-cost energy supply 

For Europe, the cheapest possible energy supply is a key component for future growth. In the course of 

the transformation to climate neutrality, it is therefore important to coordinate the expansion of energy 

generation, flexibility and grid capacities in such a way that the system is as cost-effective and resilient 

as possible. In the political discussion, the realization times must be urgently taken into account (cf. 

Figure 7 a) and b)).  

 

4.3.1 Expanding infrastructure 

Rapid and extensive grid expansion in the areas of electricity (transmission and distribution grids), 

hydrogen (pipeline infrastructure, storage and port facilities) and mobility (charging and hydrogen 

filling station infrastructure) are of key importance to achieving the climate protection targets. 

Particular challenges for the expansion and safe operation of grid infrastructures arise in Germany due 

to the targeted share of renewable energies in gross electricity consumption of 80 % by 2030 and the 
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accelerated phase-out of coal. A comparison of the target paths from the grid expansion monitoring 

and the status of the completion of lines shows a considerable delay in the expansion of the 

transmission grid [23].  

Extensive expansion is also required in the distribution grids. While this has so far been driven 

primarily by the integration of renewable energies, new consumers (especially heat pumps and 

charging stations for electric vehicles) increasingly require the (medium and low-voltage) grids to be 

reinforced and expanded. Recently, investments in the distribution grids have risen continuously [146]. 

Recent studies assume a further increase in investment requirements [147], [148], [149], [150]. This 

makes it particularly necessary for grid operators to strengthen their equity in order to be able to 

finance the necessary increase in investments. This in turn can conflict with the objective of low 

network tariffs. Balanced solutions must be found here in order to make it possible to finance the 

investments.  

The development of a pipeline infrastructure is necessary for the hydrogen ramp-up in Germany and 

Europe. The current draft for the hydrogen core network is primarily based on connecting the major 

industrial hydrogen consumers, potential hydrogen consumers in the electricity sector, hydrogen 

storage facilities and import corridors [151]. For financing the hydrogen core network at national and 

European level, a financing model with intertemporal cost allocation ("amortization account") can be a 

pragmatic way to create robust infrastructure conditions for an ambitious hydrogen ramp-up. In view 

of the high upfront costs in the area of electricity grid infrastructure, the Expert Commission on Energy 

Transition Monitoring considers it sensible to examine models for shifting the passing on of costs to 

network tariffs over time also in the area of electricity grids [23]. 

For climate-friendly mobility, the EU's Alternative Fuels Infrastructure Regulation (AFIR) provides for the 

expansion of charging infrastructure for battery electric vehicles and hydrogen filling stations. In order 

to accelerate the transition to alternative drive systems, the reliable development of this infrastructure 

is necessary so that a significant number of vehicles can be operated. If this does not succeed, it is to 

be expected that European providers will fall behind when it comes to alternative drive systems [152, 

p. 125 ff.]. 

 

4.3.2 Strengthening the common electricity market in Europe 

The common European energy markets are the key to the cost-effective provision of energy in the EU. 

Fortunately, during the energy crisis, it was possible to use the markets for the efficient rationing of 

scarce energy and at the same time to ensure extensive energy savings and permanently effective 

energy efficiency efforts [77], [78], [79], [80]. At the same time, despite vehement (but often ill-

founded) criticism of the merit order, the central features of the European energy market have been 

preserved [153], [154]. The merit order is the principle of marginal cost pricing, in which power plants 

are deployed according to their generation costs from the cheapest to the most expensive. The system 

of the European energy market has recently been questioned once again. The Draghi Report [1], [2] 

proposes, among other things, splitting off the financing of renewable energies from the common 

electricity market [2, p. 35]. However, it is a fallacy that this could make electricity cheaper. On the 

contrary: the challenges would increase significantly due to the lower trading volumes and lower 

liquidity in electricity trading and therefore also on the futures markets [155]. As described in Section 

2.2 and Figure 6 it is likely to become much more difficult to install and finance the complementary 
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technologies that are necessary for a reliable electricity supply in addition to renewable energies and 

which are likely to account for more than half of the generation costs (cf. Figure 6). Ultimately, these 

proposals amount to greater state involvement in these areas as well [155]. This can reduce the speed 

of transformation, especially in times of change, as ongoing discussions about the "right" path typically 

slow down progress.  

On the contrary, important reform steps include a stronger integration of renewable energies into 

electricity trading and the implementation of regional price signals [23], [155], [156], [157]. These are 

important to ensure efficient interaction between the many decentralized players and to strengthen 

investment incentives in the right places in the overall system. Numerous unsuccessful attempts to 

design a system that establishes regional prices in addition to the existing uniform wholesale 

electricity price [53], [121], [158], [159] have led to a situation in the recent past in which numerous 

experts support price zones or a nodal pricing system (i.e. prices at individual nodes of the 

transmission grid) as a solution (for a comprehensive argumentation see [155], [156]). Such a price 

system should significantly increase the cost efficiency of the electricity supply system due to its short- 

and long-term incentive effect. Therefore, even in regions with higher prices, prices would not be 

expected to increase significantly compared to maintaining the current market design [159], [160]. 

 

4.3.3 Focusing on the costs of energy supply  

When it comes to electricity supply, it will be important to keep the costs of electricity generation and 

grid expansion as low as possible, as these will ultimately have to be borne by consumers either 

through electricity prices or through higher taxes, levies and surcharges. In an investment environment 

in which the market prices for electricity do not reflect the relative shortages due to the lack of 

regionally differentiated wholesale prices and in which there is also intervention outside the market 

through feed-in tariffs, self-consumption regulations and other support measures, a cost-efficient 

transformation cannot be expected. 

It can therefore be advantageous to "think from the end". Calculations show that the generation costs 

are particularly favorable in a system in which the renewable energies are distributed in a regionally 

balanced manner and are supported by a system-friendly allocation of gas-fired power plants (cf. [53], 

[159], [160]) and in which a certain amount of battery storage is used (for a simple illustration of 

generation costs, see Figure 6 and [47]). Gas-fired power plants, which will be fired with hydrogen in 

the future, will be needed as "long-term storage" anyway - a task that battery storage systems cannot 

fulfill. Once they have been built, it is cheaper to use them to a certain extent to cover short-term 

supply gaps. This is because only the fuel costs are incurred for their use, which would have to be 

compared with the investment costs of battery storage systems. Given the expected costs of climate-

friendly hydrogen, this could result in a different cost-efficient generation mix than would result if 

battery storage systems were built on a large scale first and additional gas-fired power plants only 

later, as is currently emerging due to the delays in the German power plant strategy [161].  

Various subsidies and price distortions are currently leading to an unnecessarily expensive electricity 

supply system. The expansion of many small-scale rooftop PV systems is also associated with higher 

subsidy requirements than if the economies of scale of larger PV systems were to be used, which are 

installed close to the load, e.g. on industrial roofs, parking lots or open spaces [44], [45]. A slightly 

less small-scale system could therefore potentially be associated with lower system costs, particularly 
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at the distribution grid level [45], [150]. In addition, the strong growth of PV systems in particular, 

combined with the current framework conditions, which take little or no account of the grid status due 

to a lack of regional and temporal price signals, leads to an increase in hours with negative prices on 

the electricity exchange and thus to an increasing burden on the EEG account and to network 

congestion, which also drives up system costs. In order to address these problems and incentivize a 

system-friendly operation of all plants, regionally and temporally differentiated prices must be passed 

on to all players (e.g. via dynamic tariffs, which are based on – ideally regionally differentiated – 

wholesale electricity prices) [23], [121], [156], [162]. 

Against this backdrop, there should be a greater focus on expanding gas-fired power plant capacities 

in the near future and ensuring the availability of climate-friendly hydrogen in the medium term. If this 

does not succeed, a discussion about maintaining coal capacities is foreseeable, but it is unlikely that 

these can be operated profitably at the expected market prices [23]. This would be a challenge, as a 

polarized debate on the use of state subsidies to maintain fossil capacities could be expected. This 

should also be avoided in light of the fact that climate protection can only be successful if countries 

around the world are convinced to phase out coal (see Section 4.1 and 4.2). 

 

4.3.4 Hydrogen and derivatives: solving the “chicken and egg” problem 

The coordination of hydrogen supply, infrastructure and demand in particular still poses major 

challenges at present [163]. Both the production and use of hydrogen are dependent on a transport 

infrastructure, but this can only be built in an economically viable way if there is sufficient supply and 

demand. It is also not possible to finance the development of hydrogen production capacities without a 

reliable ramp-up in demand. Conversely, companies will not invest in the conversion of industrial 

plants or in vehicles if hydrogen is not expected to be available.  

One way of addressing the multiple “chicken and egg” problem in the hydrogen ramp-up would be to 

ensure the availability of hydrogen through joint hydrogen (derivatives) procurement – ideally at 

European level or through a coalition of the willing, see Section 4.2 – and, at the same time, to promote 

infrastructure expansion in order to enable delivery to users. The availability of the quantities predicted 

in the hydrogen strategies could thus be ensured. However, the willingness to pay of potential 

customers in Germany is likely to be lower than the procurement costs arising from global tenders, at 

least in the first few years. The state would therefore initially have to cover the difference in costs 

between the purchase price and the willingness to pay of customers.  

An allocation of the procured hydrogen (or derivatives) to the highest-bidding users by means of 

auctions with a minimum price could ensure that the state, as an intermediary, bears the differential 

costs between the purchase price and the willingness to pay of the customers to a certain extent, but 

that the level of funding is secured upwards. Reliable procurement of the announced quantities by 

means of global tenders could be expected to eliminate a significant risk for users, namely uncertainty 

about the availability of hydrogen. Potential users could therefore be expected to invest more in the 

conversion of industrial plants.  

Green gas quotas or green steel quotas in various sectors of industry could additionally boost demand 

and increase the willingness to pay for hydrogen and hydrogen derivatives on the part of customers. 

However, careful consideration must be given to whether such quotas during the ramp-up phase (when 

hydrogen costs are still likely to be very high) could weaken the competitiveness of the industries 
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concerned to an extent that would lead to the relocation or abandonment of activities which would 

have a long-term business model in Europe. 

 

Figure 17: Potential for blending hydrogen into the gas grid 

a) Predicted natural gas and hydrogen demand for 2030 and 2040 

 

b) Allocation of the additional costs of hydrogen blending (with 10 and 20 vol-%) for the year 2030 

Assumptions/Results Unit 
Blending with  

10 volume-% 

Blending with  

20 volume-% 

Hydrogen price 
EUR/kg 4.0 6.0 8.0 4.0 6.0 8.0 

EUR/MWh 120.1 180.2 240.2 120.1 180.2 240.2 

Natural gas price EUR/MWh 30.0 

CO2 certificate price EUR/t CO2 133.0 

Costs of natural gas (incl. CO2 costs) EUR/MWh 56.7 56.7 56.7 56.7 56.7 56.7 

Costs of natural gas-H2 mixture EUR/MWh 58.8 60.7 62.7 61.2 65.4 69.6 

Additional costs/Surcharge EUR/MWh 2.1 4.0 5.9 4.4 8.6 12.8 

Share of surcharge on natural gas costs % 3.6 7.0 10.5 7.8 15.2 22.6 
 

Sources: Own illustration based on [164], [165] and own calculations. 

 

However, for the state as guarantor (not necessarily as organizer) of the procurement of the quantities, 

there is a risk that the procured quantity will not be sold completely. This risk can be eliminated in the 

first few years by blending unsold quantities into the gas grid and passing on the costs (minimum price 

in the hydrogen auctions multiplied by the blended quantity) to the gas customers. Although blending 

into the gas grid is not the most efficient use, it can completely eliminate the sales risk if the existing 

gas grid can be used as a "sink" for hydrogen volumes for which no customer is initially found. 

Calculations show (i) that the gas grid is able to absorb excess quantities, especially in the first years of 

the ramp-up of hydrogen procurement (cf. Figure 17 a)), (ii) that the additional costs for gas customers 

would be bearable if the additional hydrogen costs incurred by blending were financed via a surcharge 

on the gas price (cf. Figure 17 b)) and (iii) that the reduction in emissions through the use of hydrogen 

in electricity generation does not depend on whether gas-fired power plants are operated entirely with 

hydrogen or whether a natural gas-hydrogen mixture is used first (cf. also [166, p. 43]). The latter is 
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initially even a favorable option for the gradual conversion of gas-fired power plants to more climate-

friendly gases, as existing power plants can use this gas mixture without major adaptation costs. The 

construction of fully hydrogen-capable gas-fired power plants is initially associated with innovation 

risks, which can be addressed cost-effectively if individual power plants are first tested in operation, 

gradually improved and only then built in larger numbers.  

The hydrogen added to the gas grid could also be sold to users (such as operators of gas-fired power 

plants or steel producers) via a certificate system so that they could meet their green gas quotas. At 

the same time, the changed load distribution would reduce the surcharge for gas customers. 

 

4.3.5 The role of blue hydrogen and negative emissions 

Global electrolyser production capacities are far from sufficient to meet the predicted global demand 

for hydrogen (see Figure 7 c)). If the focus is exclusively on green hydrogen, the necessary quantities of 

hydrogen and derivatives are unlikely to be available in time or at low cost. Therefore, in addition to 

green hydrogen, comparatively low-emission hydrogen from other production routes will also be 

necessary [23]. 

Blue hydrogen in particular (see ↘ Background 1) can be an important component for scaling up the 

amount of hydrogen available. The technology is already well developed. However, the GHG emissions 

of blue hydrogen can vary considerably depending on the production technology, the system 

boundaries of the consideration and the emissions from natural gas extraction and transportation [25]. 

The recording and pricing of GHG emissions along the entire value chain are therefore an important 

prerequisite for the use of blue hydrogen. Due to the GHG emissions that occur during the 

transportation of natural gas (e.g. natural gas consumption of compressor stations; see also [167]), the 

production of blue hydrogen close to natural gas deposits can lead to a greater reduction in GHG 

emissions [25], [168]. Possible suppliers of blue hydrogen are the USA, Canada, Norway, Saudi Arabia, 

Qatar or Australia [36]. When considering whether supply chains based on climate-friendly blue 

hydrogen should be scaled up more quickly, it must also be taken into account whether the natural gas 

would otherwise be used in other applications without any reduction in GHG emissions. 

If blue hydrogen were also to be produced in Germany, this would require the creation of a CO2 

infrastructure for sequestration and, depending on the location of the plants, also for transporting the 

CO2. However, the construction of a CO2 infrastructure is a no-regret measure in some areas, as such 

an infrastructure must also be planned and developed in the future for industries that are not to be 

decarbonized, such as the production of cement and lime or waste incineration [23], [169], [170]. The 

German government's carbon management strategy [171] and various statements have recently 

addressed the topic. Carbon Capture and Storage (CCS), Carbon Capture and Utilization (CCU) and 

Carbon Dioxide Removal (CDR) only make a small contribution to avoiding GHG emissions in the long 

term. However, the risk of failing to meet climate targets without the use of CCS outweighs the risks of 

CCS application [170].  
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4.4 Strengthening resilience and growth, allowing structural change 

Growth and innovative strength are key prerequisites for mastering the extensive challenges posed by 

the transformation of energy supply and industry. However, estimates of the potential output growth of 

the German economy after the crises of recent years currently average around 0.4 % for the years 2024 

to 2029 (cf. [172], [173] and Figure 18). This corresponds to around a third of the average annual 

potential output growth of the 2010s. The main drivers are the demographic decline in the labor 

volume and the current low level of investment. A growth-oriented transformation is therefore 

particularly important in Germany. It is important to strengthen the resilience and resistance of the 

German and European economies and at the same time to focus on a growth-oriented economic and 

transformation policy. 

 

4.4.1 Increase labor volume, strengthen human capital 

The declining labor volume (cf. Figure 18) poses challenges for the economic sectors to varying 

degrees [174]. Companies will attempt to replace the future shortage of workers by making greater use 

of capital. Nevertheless, an increased mobilization of workers (such as women currently working part-

time, immigrants, older workers or recipients of the citizen’s benefit) should help to increase the labor 

volume [175]. However, this alone will not be enough to achieve robust growth. Productivity-enhancing 

investments in the capital stock and the strengthening of human capital are necessary on a large scale 

in order to revive growth and advance climate protection [175]. The outlined cost-efficient 

transformation of the energy supply is a prerequisite for the success of a growth strategy. 

In view of the worsening shortage of skilled workers, the challenge for economic policy is likely to be 

less an oversupply of labor and more a change in the necessary qualification profiles. Highly qualified 

skilled workers are traditionally an important location factor in Germany, as are the research 

ecosystems in which companies are often closely integrated. In the course of the transformation, the 

necessary qualification profiles will change. Employees may need further training, retraining or even a 

change of their employer. In order to master these transformation challenges, it should be expedient 

to systematically support structural change with further training and retraining opportunities. It is 

important to identify where in-company training is not sufficient to meet the requirements of 

structural change.  

Investment in the education system, from early childhood education to university, forms an important 

basis for economic growth. Public spending on education should increase significantly [97] and a 

greater focus should be placed on the first years of education, from early childhood education to 

elementary school [176], [177], [178]. A society that is becoming more diverse through immigration 

must develop strategies at an early stage to offer immigrants and their children equal opportunities. 

This is the only way to make Germany an attractive immigration country that succeeds in leveraging 

the potential of its population [179]. At the same time, high-quality childcare and education services 

can increase the potential working hours of parents. 
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Figure 18: Growth of the potential output in Germany 

 

Notes: Values for 2024 and 2025 are based on the GCEE's short-term forecast. Projection from 2026 onwards. Total factor 

productivity (TFP) indicates which part of the potential output growth cannot be explained by an increase in labor volume or capital 

services, but can be attributed to improvements such as technological progress, innovations or more efficient production processes. 

Source: Own illustration based on [173]. 

 

4.4.2 Steer investments to high productivity sectors 

In order to boost growth, it is important to invest in areas that are likely to have a particularly strong 

effect on potential output. The impending structural change and the resulting expected slowdown in 

growth in Germany was already discussed in 2019 [180]. Changes in trade relations due to geopolitical 

developments, developments in the field of digitalization and artificial intelligence as well as the 

constraints resulting amongst others from climate targets and the conversion of the energy supply, are 

expected to significantly accelerate structural change. The crises of recent years have led to higher 

energy prices, for example, and increased the pressure to accelerate the transformation of energy 

systems and the digital transformation. At the same time, more and more emerging countries are 

becoming production locations for goods in which German industry has traditionally held a strong 

position. Due to the delay in adapting to these new framework conditions - whether through inertia or 

due to persistence and subsidies - an inefficient allocation of production factors can currently be 

identified, which unnecessarily dampens potential output [175]. 

In order to attract private investment and channel production factors into the more productive sectors 

of the economy, it is important to increase the attractiveness of the location. There is no single best 

measure; rather, it is necessary to address various aspects as part of a growth agenda, not all of which 

can be covered in detail in this report. Nevertheless, some areas for action are listed here with 

references to more detailed sources: (i) The low availability of highly skilled labor requires a focus on 

education and training, efforts to attract skilled immigration and the reallocation of labor from the less 
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productive to the more productive sectors of the economy [175], [179]. (ii) The tax burden on 

companies should be addressed, on the one hand through adjustments to corporate taxation and 

improved depreciation options, and on the other hand through a reduction in non-wage labor costs 

[181], [182]. (iii) There is an urgent need to reduce regulatory uncertainty and bureaucracy. (iv) If an 

increase in the debt ratio is to be avoided, a relaxation of the debt brake can only increase the leeway 

by around EUR 10 billion per year [102], which, given the challenges, does not represent a substantial 

contribution to a solution. In public budgets, future-oriented expenditure should therefore be 

prioritized and, in return, the increase in social spending should be limited ([97], on pension insurance 

reforms [94]). (v) Infrastructure expansion in the areas of energy, digitalization and mobility should be 

accelerated in order to strengthen the attractiveness of the location [23], [152, p. 125 ff.]. (vi) An 

increase in the defense budget and its firm anchoring in budget planning should go hand in hand with 

strategies for the effective use of funds and an innovation agenda based on investments in the area of 

defense equipment [96].  

The capital markets will play a decisive role in facilitating the financing of investments. However, the 

European capital markets are fragmented along national lines, which limits the financing options 

available to companies. In particular, there are major national differences in corporate reporting and 

insolvency law, as well as tax obstacles to cross-border investments. One key in this context is a 

deepening of the Capital Markets Union. This could help to diversify risks and facilitate the financing of 

investments in the course of the transformation [183]. This is because the financing via loans that is 

widespread in Germany and other European countries is unsuitable for many projects in the course of 

the transformation due to their risk structure [183].  

 

4.4.3 Resilience: Strategic industrial policy, focused and European 

The current geopolitical changes also make it necessary to strengthen the resilience of the European 

economies and to arm them in the event that economic dependencies are used as a weapon (see 

Section 4.2.3) and to increase their security of supply in the event of a crisis.  

There is a great danger that individual EU member states will pursue national interest policies under 

the guise of strategic motives. This is particularly problematic if subsidies are used to keep industries 

in place for which the location factors have shifted in favor of other countries. Such subsidies would 

slow down structural change and take public funds away from important future-oriented projects. One 

major challenge is that it is not easy to identify areas in which state intervention can and should be 

justified. 

With a view to security of supply and the resilience of the economy to "economic warfare", it is 

expedient to focus on three criteria (cf. the explanations in [184]): (i) the lack of substitutability of 

goods in the short term, (ii) the immediate relevance to consumption and (iii) external effects and 

inefficiencies that cause a supply shortfall to generate damage that exceeds the individual losses from 

a societal perspective. Only if all three criteria are met, the state should take measures to increase the 

potential security of supply in a crisis. It is not necessary to aim for a supply from its own production, 

but security of supply can be achieved through sufficient diversification of supply. This can be 

achieved, for example, through a “concentration tariff” [184] or through the forward-looking design of 

supply chains (e.g. in energy trading; see Sections 4.2.2 and 4.3.4). It is always important to bear this 
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in mind: Protecting against a crisis in advance is associated with (sometimes high) costs and should 

only be done where major damage could otherwise occur. 

For the same reasons, the question of which "domestic" production capacities are of strategic 

importance should be answered on a European rather than a national basis. Shifting production 

locations within Europe can increase the cost efficiency of production and should not be prevented by 

national interests. On the contrary: Europe strengthens its competitiveness and resilience if the 

advantages of the division of labor within Europe are exploited. 

At the same time, attention should be paid to achieving a position of strength vis-à-vis trading 

partners. In this context, it is proposed, for example, to promote high-tech export industries that 

produce niche products that are difficult to replace [184]. In the long term, this could give the 

European economies leverage to respond to the threat to European security of supply. In addition, 

there should be a focus on (co-)controlling important hubs of the global economy, such as trading 

centers or international payment systems [139], [140], [141].  

In the context of this discussion, Europe is not least trying to find an answer to the fact that 

governments around the world are realigning their industrial policy, with varying degrees of potential 

and willingness to provide state subsidies. However, it must be noted here that – unlike the USA – 

Europe cannot achieve self-sufficiency in important areas (cf. Figure 2 f) and Figure 9). This also means 

that approaches from the USA (such as funding under the IRA) should not simply be copied [118]. 

When it comes to energy supply, for example, Europe must ensure the import of hydrogen from 

partner regions around the world, while the USA could transform national production (cf. Figure 2 f)). 

Since Germany is particularly dependent on imports of climate-friendly energy carriers, the German 

government should – as stated in the import strategy [85] – promote international cooperation and the 

diversification of energy imports with a high level of ambition. 

 

4.4.4 Avoiding subsidies against unfavorable framework conditions 

Beyond measures that prevent the use of economic dependencies as a weapon on the one hand and 

expand technological leadership in high-tech sectors with unique selling points on the other, structural 

change towards a more efficient international division of labor should not be thwarted by state 

intervention. Where the international division of labor brings advantages for the EU – as is the case with 

the production of inexpensive PV modules in China, for example – the relocation of production should 

not be prevented actively and costly. Companies that fear uncertainties in the supply of modules are 

already independently striving for a certain diversification of supply countries [185], [186], [187]. 

However, it is certainly advisable to change the framework conditions in such a way that the EU's 

locational advantages come to the fore and ultimately have an impact. In this context, it is certainly 

worrying that production capacities in important CleanTech sectors in Asia are growing much more 

dynamically than in Europe (cf. Figure 7 c)), although Germany and Europe are leaders in CleanTech 

patents in many growth areas (cf. Figure 8). Both for the development of climate-neutral energy supply 

and with a view to the export markets, for example for vehicles, fuel cells and electrolysers, a 

regulatory environment and infrastructural conditions should be urgently created that allow European 

players to consolidate their position in international competition [152, p. 125 ff.]. 
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For example, growth potential and technological expertise can be lost on a large scale for various 

technologies (climate-friendly vehicles, fuel cells, wind turbines, etc.) if no domestic markets are 

created due to unnecessarily complex and small-scale regulation, a lack of infrastructure or 

unnecessarily high electricity prices as a result of the market design [152, p. 125 ff.]. Germany and the 

EU should therefore create the most attractive competitive environment possible, as outlined above, 

instead of rashly distributing subsidies. Subsidies to existing industries tie up the (scarce) workforce in 

inefficient use, they tie up resources in companies for rent seeking, i.e., the search for potential to 

absorb subsidies, and often lead to a wait-and-see attitude in anticipation of further subsidies. 

 

4.4.5 Clear framework conditions instead of patchwork regulation: the example of 

CO2 pricing 

Companies make their decisions regarding the expansion or reduction of production capacities and, in 

connection with this, location decisions based on the expected framework conditions in an 

international comparison. Numerous aspects play a role in these decisions, which can be influenced by 

politics: Regulation, legal certainty, bureaucratic burdens, taxes, availability and prices of energy, 

framework conditions on the capital markets as well as reporting obligations and burdens from climate 

policy.  

The patchwork regulation that has developed over the years is likely to steer investments in the wrong 

direction and also reduce investment incentives. This can be illustrated by the example of effective CO2 

pricing. The EU has succeeded in first establishing a European emissions trading system for the energy 

sector and parts of industry (EU ETS I) and then adopting a similar system for the heating and transport 

sectors (EU ETS II) in 2023. Both systems are to be successively transferred to a cross-sector emissions 

trading system. This approach ensures that the climate targets are achieved cost-effectively (if the 

appropriate emission reduction paths are adhered to) and allows companies to anticipate price 

developments. In Germany, emissions in the heating and transport sectors that are not covered by EU 

ETS I have already been priced under the Fuel Emissions Trading Act (BEHG) since 2021. The emission 

allowances will be allocated at a fixed price that increases over the years from 2021 to 2025, and the 

transition to emissions trading is planned from 2026.  

However, despite the introduction of emissions trading across (almost) all sectors, the effective price 

per ton of CO2 currently varies considerably due to numerous exemptions on the one hand and 

additional regulations on the other: it is between EUR 10 and 240 per ton of CO2, although similar 

prices should actually apply in many areas as a result of emissions trading (cf. Figure 19 and [23]). 

Figure 19 b) gives an impression of how the different implicit CO2 prices, especially for heating oil, 

coal, but also gray hydrogen (for use in combustion engines), come about. On the one hand, the 

different implicit CO2 prices are problematic because they mean that emissions are not reduced first 

where the abatement costs are particularly favorable. On the other hand, the patchwork regulation 

increases the complexity of evaluating business models. This can make it more difficult to finance 

projects, for example.  
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Figure 19: GHG pricing in Germany 

a) Profile of explicit and implicit GHG pricing in Germany 

 
Notes: Recording of CO2 pricing systems as at mid-2024, EU ETS price EUR 60 per emission allowance, 79 % free allocation, for 

energy taxes only the revenue shares not attributable to infrastructure financing, emission structures 2021, adjusted for atypical 

sector effects (aviation, etc.). 

Source: Own illustration based on [23]. 

 

b) Energy taxes and implicit CO2 pricing 

  
Nominal tax 

rate (€/UOM) 

Implicit tax 

rate (€/t CO2) 

Without infra-

structure contribution 

(€/t CO2) 

Natural gas (heat) EUR/MWh (HO) 5.50 30.23  

Heating oil extra light EUR/1,000 l 61.35 23.03  

Heavy heating oil (heat) EUR/t 25.00 7.94  

Heavy fuel oil (electricity) EUR/t 25.00 7.94  

Unleaded gasoline EUR/1,000 l 654.50 286.76 161.01 

Diesel EUR/1,000 l 470.40 179.06 39.81 

Coal (heat) EUR/GJ 0.33 3.47  

Hydrogen (combustion engine)1 EUR/kg 0.55 15.91  

Hydrogen (fuel cell) EUR/kg 0.00 0.00  
 

 

Note: 1 - If hydrogen is used as a heating fuel, it is not subject to energy taxation. Use as a fuel is subject to energy taxation, unless 

the hydrogen is used in fuel cells. For the calculation of the implicit CO2 tax for grey hydrogen, a conversion efficiency of the steam 

reformer of 70 % (without CCS) was assumed. Further upstream emissions were not taken into account. UOM = unit of measure. 

Source: Own illustration based on [23]. 
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Not shown in the overview in Figure 19 b) (but shown in Figure 19 a)) is the taxation of electricity, for 

which the implicit CO2 pricing depends heavily on the assumed emission intensity of electricity 

generation, but is currently significantly higher than that of the heating fuels under consideration in 

any case. The pass-through of CO2 costs of the EU ETS to wholesale electricity prices and the 

additional taxation of electricity on the end consumer side through the electricity tax results in a 

considerable double or overcharging of electricity. Due to the lack of integration of the pricing 

systems, this unnecessarily makes electrification unattractive as long as fossil fuels are still being used 

to generate electricity – which is likely to slow down the transformation. 

In addition to the different effective CO2 prices described here, there are other mechanisms that also 

restrict the possible business models, such as the EU taxonomy (↘ Background 5) in particular, but also 

detailed requirements under the Renewable Energy Directive III (RED III), for example. These diverse 

requirements often make the transformation more difficult without making an additional contribution 

to climate protection. In particular, policymakers should scrutinize technology-specific instruments 

such as the EU taxonomy, as well as small-scale regulation that distorts the relative prices of emissions 

without significant added value and is often accompanied by costs for the state. At the same time, 

standards and certification procedures should be further developed in order to record the CO2 intensity 

of production and processes and to be able to consistently price GHG emissions on the basis of the 

CO2 footprint and cross-sector emissions trading. A CO2 price-based energy price reform is a central 

component of an effective and efficient framework for achieving the long-term energy transition and 

climate protection targets [23]. 

 

Background 5: The EU taxonomy 

The EU taxonomy [188], [189], [190], [191], [192] is a detailed classification system that defines which 

economic activities are considered environmentally sustainable. The aim is to channel capital into 

sustainable projects and thus support the transition to a low-carbon economy. However, there are 

considerable challenges when it comes to classifying technologies. It is often controversial which 

technologies should be considered sustainable – especially in sensitive areas such as nuclear power, 

natural gas [193], [194], or in the production of military equipment in connection with the so-called 

"social" taxonomy [195], [196]. This disagreement leads to tensions between the EU Member States, 

some of which pursue different economic interests and environmental priorities. The taxonomy 

guidelines are extremely comprehensive and currently comprise over 500 pages of technical criteria 

and specifications. This makes application complex and requires specialist knowledge in order to 

interpret the regulations correctly. In addition, these lists and criteria need to be revised regularly to 

incorporate technological advances and new scientific findings. This represents an ongoing challenge, 

as the taxonomy must be constantly updated, which can lead to uncertainty among investors and 

companies. Another problem is that there is no international harmonization of taxonomy systems. 

Other countries, such as Japan, Brazil and China, have their own systems for classifying sustainable 

investments, some of which differ greatly from the European guidelines. This makes comparability and 

harmonization at a global level more difficult, which means additional effort for internationally active 

companies [197]. 
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4.5 Cushioning hardship, opening up opportunities for people 

Many people are rightly worried about the financial hardship that the transformation will cause them. 

CO2 pricing increases the cost of living. Lower income groups often have fewer opportunities to avoid 

the CO2 costs through forward-looking investments, either because they are renting or because they 

cannot afford to switch to climate-friendly technologies (such as a battery electric vehicle or a heat 

pump) [198], [199]. Others fear unemployment in the course of the transformation, for example 

because their job will be lost or they believe they will not be able to meet the demands of a new job. 

Policymakers should take these concerns seriously and address them both in terms of substance and 

communication. 

 

4.5.1 Climate money 

A stronger focus on the pricing of CO2 makes it necessary to offset the cost burden that will be borne 

by consumers. For this reason, the 2021 coalition agreement announced a direct payment of the 

revenue from CO2 pricing to citizens in the form of a per capita flat rate, but this has not yet been 

implemented.  

Implementation would be an important step (see also [23]). In particular, people on low incomes have a 

significantly lower CO2 footprint than people in the higher income groups. For the lower income 

groups, the climate money would therefore be even higher on average than their cost burden from CO2 

pricing [121], [198], [200], [201]. The measure would therefore – if well communicated – make a very 

credible contribution to the social cushioning of the transformation. In addition, climate-friendly 

behavior pays off, because those who reduce their emissions are less burdened by CO2 pricing, but 

receive the same amount as climate money as all other citizens.  

Overall, acceptance of climate protection is likely to remain high if CO2 pricing has a steering effect, 

but the revenue flows back to the people: If the accrued revenues from national emissions trading were 

paid out in full in summer 2025, a household of four would receive over EUR 1,000 in climate money in 

one go [202]. 

However, there are still problems in at least two areas. Firstly, the revenue from CO2 pricing has been 

flowing into the Climate and Transformation Fund (KTF) for several years now. However, the money 

from the KTF has so far not been used for climate money, but for many other purposes – from heating 

subsidies to subsidies for the construction of chip factories. Secondly, the establishment of the 

payment channel for the climate money is also making slow progress. In order to be able to pay out the 

lump-sum climate money in Germany in a targeted manner, the tax ID (for unique identification) and 

the account details are to be linked in Germany with an independent data trustee. However, the specific 

structure of the direct payments is still not regulated by law and the transfer of account numbers has 

only just begun [203]. 

These delays in the introduction of a climate money and the lack of consistency in the design of 

market-oriented approaches are increasingly jeopardizing the success of climate protection.  
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4.5.2 Investments 

The introduction of a climate money should be accompanied by measures to ensure that lower income 

groups can also avoid the cost burden of CO2 pricing in the medium term. This is because the CO2 

footprint of lower income groups is initially low in comparison, which is why they benefit net from the 

combination of CO2 pricing and climate money. In the medium term, however, investments by higher 

income groups in climate-friendly mobility and heating systems will mean that this correlation will no 

longer apply. In order to prevent lower incomes as tenants and owners of fossil vehicles from 

ultimately bearing a disproportionate share of the costs, the state should expand local public transport 

where possible and take measures that lead to the conversion of heating systems in rented 

accommodation as well [198], [199]. 

 

4.5.3 Communication 

In the coming phase of the transformation, necessary climate protection measures will be associated 

with hardships for industry and households, but these are unavoidable in order to achieve the climate 

targets. In this context, it is crucial to develop a consistent overall concept for the transformation that 

distributes the burdens on the stakeholders in a balanced way and to communicate this openly. 

Vulnerable population groups in particular should receive special protection and support. It is crucial 

that regulations are adopted and communicated with sufficient lead time so that companies and 

households can react appropriately to the upcoming changes and adapt their strategies and 

investments accordingly. This predictability is an important aspect to ensure broad acceptance and 

support among the stakeholders concerned and also to trigger forward-looking investments to avoid 

costs. In contrast, measures that are announced or implemented at short notice, significantly 

redesigned or unexpectedly terminated can weaken support in society [23]. 
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This study has outlined the international context in which Germany and Europe have to promote both 

growth and climate protection (Chapter 2). Specific examples were used to show that climate 

protection cannot be realized without growth (Chapter 3) and key points for the alignment of growth 

and climate protection strategies were presented (Chapter 4).  

Figure 20: Central recommendations of the study 

Reliable and effective framework for energy and climate policy Section 

Strengthen emissions trading 4.1.1, 4.4.5 

Give greater priority to certification and standardization 4.1.3 

Allow the interplay of different transformation paths in the EU 4.1.2 

Strengthen the European electricity market 4.3.2 

Introduce regionally differentiated electricity prices 4.3.2, 4.3.3 

Prepare the expansion of the CBAM 3.1.2, 4.1.1, 4.2.1 

Accelerate the expansion of infrastructure 4.3.1 

Implement social cushioning transparently 4.5 

State support and specific interventions Section 

Ensure cost-effective climate-neutral electricity generation 4.3.3 

Procure sufficient climate-neutral energy carriers 3.1.1, 4.2.2, 4.3.5 

Guaranteed offtake of excess hydrogen  4.3.4 

Think European when it comes to strategic industries 4.4.3, 4.4.4 

Ensure security of supply and resilience 4.4.3 

Reduce regulation and bureaucracy Section 

Reduce unnecessary and contradictory regulation 4.4.4, 4.4.5 

Reduce climate-damaging subsidies 4.4.5 

Standardize and coordinate reporting obligations 4.4.5 

Harmonize the implementation of rules 4.1.3, 4.4.5 

International climate cooperation Section 

Anchor global climate cooperation in binding institutions 4.2.1 

Establish global trade in climate-neutral energy carriers 3.1.1, 4.2.2 

Redirect and broaden trade relations 4.2.2, 4.2.3 

Intertwine policy areas 4.2 

Use forward guidance in global energy policy 3.1, 4.2.1, 4.3.3 

Strengthen growth potential Section 

Increase the labor volume 4.4.1, 4.4.2 

Strengthen the education system 4.4.1 

Steer investments towards growth sectors 4.4.2, 4.4.3 

Strengthen capital markets and a banking union 4.4.2 

Adapt social security systems to growth potential 4.4.2 

Acting sustainably not only in climate protection 3.2.4, 4.4.2 
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This chapter summarizes the main policy recommendations. First, Section 5.1 outlines some important 

framework conditions for an effective energy and climate policy that create a predictable environment 

for stakeholders. Section 5.2 identifies specific fields of action in which targeted government 

intervention is necessary to combine climate protection and competitiveness. It is important to 

understand the proposals in this order, as the transformation would exceed the state's capabilities 

without strengthening private investment incentives through reliable framework conditions. However, a 

reliable environment can only be achieved if the large number of overlapping regulations is reduced. 

The corresponding proposals are made in Section 5.3. Section 5.4 is devoted to international climate 

cooperation, which is a key prerequisite for aligning climate protection and growth. Finally, Section 5.5 

lists the key elements of a growth agenda in which an effective energy and climate policy must be 

embedded. A summary of the policy recommendations is shown in Figure 20 each with references to 

the sections of the study in which they are discussed and explained in more detail. 

 

5.1 Reliable and effective framework for energy and climate policy 

The aim of the regulatory framework should be to achieve the German and European climate targets as 

efficiently and effectively as possible, while at the same time establishing options for international 

cooperation. Where possible, overarching regulations should be anchored at EU level. This increases 

the consistency of the rules as well as transparency towards companies and on the capital markets, 

thereby facilitating the financing of business models. The following elements are key components of 

such an energy and climate policy: 

a. Strengthen emissions trading. European emissions trading should be further strengthened 

as a key instrument of climate policy. European emissions trading within the framework of 

EU ETS I has proven its effectiveness; it is now important to ambitiously continue the 

implementation of national emissions trading within the BEHG and strengthen it. The 

tightening of national legislation should be designed in a way that allows for an easy 

incorporation into the future EU ETS II or even to supplement EU ETS II if more ambitious 

climate targets are pursued in Germany than in the EU for a transitional period.  

b. Give greater priority to certification and standardization. Certification and standardization 

should receive greater attention for important future-oriented technologies. Government 

coordination activities could provide start-ups and SMEs in particular with better access to 

pre-competitive activities. A certification system that can be linked internationally and is 

based on the CO2 footprint is a prerequisite for the attractiveness and feasibility of climate-

neutral business models. In contrast to certifications that are technology-specific, a CO2-

based certification increases the predictability of future revenues.  

c. Allow the interplay of different transformation paths in the EU. The member states of the 

EU have different transformation paths due to different geographical conditions, but also 

due to the different preferences of their populations. Some continue to rely on nuclear 

power, others reject it and are therefore largely dependent on hydrogen-capable gas-fired 

power plants and battery storage when hydropower is not available in sufficient quantities. 

Mutual acceptance of the various transformation paths in the EU is a key prerequisite for 

achieving the climate targets in the individual countries and in the EU as a whole quickly 

and as cost-effectively as possible. As different transformation paths are associated with 
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(different) risks, the countries can also protect each other. The less technology-specific 

European regulation blocks the technologies required in individual member states and the 

more integrated the European energy market is, the better this will work. 

d. Strengthen the European electricity market. Greater integration of the European electricity 

market is crucial in order to make energy supply in the EU more efficient, cost-effective and 

environmentally friendly [80]. A better integrated market will make it easier to distribute 

electricity surpluses from renewable energies between the Member States. This increases 

security of supply, reduces electricity costs and enables more flexible adaptation to 

increasingly fluctuating energy generation. In addition, closer cooperation within the EU 

reduces dependence on fossil fuels and promotes the transition to a climate-neutral energy 

supply throughout Europe. Greater integration also creates incentives for investment in 

cross-border infrastructure projects and ensures more efficient use of existing grids. 

e. Introduce regionally differentiated electricity prices. The current electricity market design 

does a poor job of efficiently coordinating suppliers and consumers. Wrong incentives in 

the uniform German price zone lead to inefficient location decisions and inefficient 

operation of generation plants. Investments are often not even made or can only be 

realized with extensive subsidies. In addition, a uniform German electricity price sends the 

wrong signals in the context of cross-border electricity trading, which reduces the 

incentives of neighboring countries for greater integration of the European electricity 

market [156]. Regionally differentiated prices significantly reduce inefficient operation and, 

by increasing the expected revenues at the right locations, reduce the necessary funding 

for the expansion of capacities. Due to the efficiency gains of a regionally differentiated 

pricing system, electricity prices should not rise significantly even in high-price zones 

within Germany relative to a scenario in which the uniform price zone is retained [155], 

[156], [159], [160]. Since the decisive factor for locations within Germany is not the intra-

German comparison, but competitiveness with other countries, all federal states would 

benefit. There are already numerous electricity markets with nodal price systems or price 

zones, and Germany could benefit from their experience when implementing them. 

f. Prepare the expansion of the CBAM. As the CBAM currently only covers the lower stages of 

the value chain, companies could strategically plan to relocate their production in such a 

way that their imports into the EU are no longer subject to the CBAM. This could lead to a 

shift in value-added stages that are currently integrated into German industrial production 

in a variety of ways, resulting in unfavorable consequential effects. However, such 

relocation strategies will only work if the CBAM does not actually cover higher stages of the 

value chain in the long term. Preparing for the expansion of CBAM can therefore make such 

strategic relocations riskier and therefore less attractive for the companies concerned. The 

preparation of an extension of the CBAM does not imply that a binding decision for this 

extension must already be made today. This is because an actual extension of the scope of 

CBAM is likely to be problematic and, not least, raise questions of compatibility with the 

WTO rules. Nevertheless, preparing the EU for various options for action can be expedient 

in order to make relocation of industry with the aim of re-importing products less attractive 

on the one hand and to strengthen the negotiating position on the way to a multilateral 

Climate Club on the other. 
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g. Accelerate the expansion of infrastructure. The transformation to climate neutrality 

requires a large-scale expansion of infrastructures for energy (electricity and hydrogen), 

mobility (charging stations and hydrogen filling stations), CO2 transportation (for CCS 

options) and digitalization. The expansion of the various energy and mobility 

infrastructures should be prepared in a joint grid development plan in order to take into 

account the interdependencies between the infrastructures. The regulation of the grids 

must meet the challenges associated with the necessary increase in investment. In 

particular, the returns granted should not be set too low so that equity can be built up as a 

basis for financing increasing investments. At the same time, regulation should be geared 

towards not hindering the replacement of line expansion through digitalization or 

flexibilization in the transmission and distribution grids [159], [204]. For the expansion of 

completely new infrastructures (e.g., for hydrogen transport or mobility), state support may 

be necessary during the transition as long as user fees do not yet realistically make it 

possible to refinance the infrastructures. One option here is the concept of an amortization 

account, which is currently being considered in connection with the development of the 

hydrogen core network. European coordination of infrastructures can reduce the necessary 

expansion, as can a generation structure in which decentralized concepts are also evaluated 

with regard to the necessary infrastructure expansion.  

h. Implement social cushioning transparently. Social hardships resulting from the rise in CO2 

prices should be addressed. In the coming years, returning the revenue from CO2 pricing in 

the form of an identical per capita climate money would provide noticeable relief for lower 

incomes and even put them in a better net position on average. However, specific measures 

should also ensure that lower income groups can also benefit from investments in climate-

friendly heating and mobility options. Otherwise, there is a risk that they will bear a 

disproportionate burden in terms of CO2 pricing as soon as households in the upper 

income bracket have switched to climate-friendly systems. An institutional anchoring of 

social cushioning is a prerequisite for the success of climate protection and must be an 

integral part of the framework. Clear communication of a transparent system is central to 

the continued acceptance of climate protection among the population. 

 

5.2 State support and specific interventions 

In some cases, government measures are necessary in the course of the transformation. This is 

particularly the case if further externalities (beyond the greenhouse gas effect) need to be addressed, 

such as network externalities or questions of security of supply in the course of current geopolitical 

developments. It can also make sense to specifically promote research and development in order to 

accelerate certain developments. For all measures, it is important to pay attention to cost efficiency so 

that government activities do not have to be stopped unexpectedly due to a lack of funds. The costs to 

be expected if a support measure is unsuccessful should therefore be anticipated when setting up 

measures.  

a. Ensure cost-effective climate-neutral electricity generation. The expansion of gas-fired 

power plants, which are urgently needed when phasing out coal and nuclear power, has not 

been triggered by the market design (e.g., due to a lack of regionally differentiated prices) 

and has been repeatedly postponed to date. As gas-fired power plants, which are to be 
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operated with hydrogen in the long term, are an integral part of the targeted climate-

neutral generation mix, the expansion of sufficient capacity must be triggered quickly. If 

regionally differentiated prices are established in wholesale electricity trading, the system-

friendly choice of location could be achieved through the early announcement of a capacity 

mechanism that obliges producers to cover a significant proportion of demand on the 

futures markets [155]. The expected market prices would be higher with regional pricing in 

the regions where capacity is more urgently needed. In the short term, it may be necessary 

to make sufficient capacity available via capacity payments or a strategic reserve. 

b. Procure sufficient climate-neutral energy carriers. In order to achieve regionally diversified 

imports of climate-friendly energy carriers (hydrogen and hydrogen derivatives), efforts 

should be made to establish joint procurement at EU level (or as part of a "coalition of the 

willing" among the member states) in order to be able to diversify the sources of supply by 

procuring large quantities. In this context, tenders are suitable for keeping exporters' 

markups as low as possible. In addition, competition among potential suppliers in the 

tenders should ensure that Europe can purchase the desired energy carriers and that 

individual negotiating partners do not take over a larger part of the value chain. Technology 

transfer to attractive partners that have not previously been global energy exporters could 

create additional competitors and thus spark global competition on the energy market for 

climate-friendly energy carriers. 

c. Guaranteed offtake of excess hydrogen. The gas grid can serve as a backup option in order 

to use quantities procured in the tenders that initially find no buyers in industry or for 

mobility and to be able to remunerate the importer for them. Surplus quantities that have 

been procured but not found a customer could be blended into the gas grid. As the 

conversion of gas-fired power plants to hydrogen is planned anyway, blending can be seen 

as a first step in this direction. The additional costs of hydrogen blending could be passed 

on to gas customers, which would not represent a major cost burden given the relatively 

small quantities initially involved. As an alternative to the surcharge, certificates could be 

sold so that their buyers could be credited for the CO2 reduction resulting from the 

hydrogen volumes. This would enable gas-fired power plants, for example, to meet specific 

emission reduction targets or reduce the necessary purchase of emission allowances in the 

EU ETS. By trading the emission reduction within the framework of financial contracts, the 

necessary surcharge on gas customers would then be lower. 

d. Think European when it comes to strategic industries. In the course of the current 

geopolitical changes, various countries around the world are striving to locate or retain 

strategically important industries at home. The EU and its member states are also 

discussing which industries and locations should be retained locally despite more favorable 

production conditions abroad. While the aim of policy should of course be to improve the 

general economic framework conditions (including energy supply) and thus also the 

location conditions for companies, subsidies should only be used sparingly. The high 

opportunity costs of the use of funds should always be taken into account when making 

decisions on strategic locations. Public funds can be saved (i) by choosing the most 

favorable location in the EU and (ii) by achieving resilience through diversification of 

imports instead of domestic production. EU-wide decisions would be less susceptible to the 
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influence of national lobby groups, which in case of doubt would claim strategic relevance 

for an unnecessarily large number of industries. 

e. Ensure security of supply and resilience. Only in exceptional cases should the state take 

measures to increase the potential security of supply in the event of a crisis, namely when 

goods cannot be substituted in the short term but are directly relevant to consumption and 

the loss of supply is associated with significant externalities for society [184]. Even with 

these goods, it is not necessary to strive for supply from own production, but security of 

supply can be achieved through sufficient diversification of supply. Possible ways to achieve 

diversification are “concentration tariffs” [184] or the forward-looking design of supply 

chains to be expanded (e.g. in energy trading). It should always be borne in mind that 

hedging against crises in advance is associated with (sometimes high) costs and should 

only be done where major damage could otherwise occur. 

 

5.3 Reduce regulation and bureaucracy  

Building a reliable and effective regulatory framework requires not only the strengthening of effective 

institutions and rules, but in particular the dismantling of regulation and bureaucracy that hinders 

investment and contributes little or nothing to climate protection. This is likely to be more challenging 

than creating additional rules, as every existing rule also has its supporters (as well as its beneficiaries 

in some cases) and there is also little political gain in abolishing rules. 

a. Reduce unnecessary and contradictory regulation. At both EU and national level, there is an 

increasing number of rules that entail high compliance costs - for the state and for 

companies - but make no or at least no significant contribution to achieving the targets. 

Overall, this regulatory environment is likely to inhibit private investment in technological 

progress, as the numerous measures lead to completely different marginal abatement costs 

in different sectors despite EU-wide emissions trading (cf. Figure 19). Furthermore, the 

system of objectives should be designed to be free of contradictions. As things stand today, 

for example, the targets for reducing energy consumption cannot realistically be achieved 

without accepting the relocation of energy-intensive industry (cf. [23, pp. 40–41]). Various 

technology-specific regulations should be scrutinized, for example those that make the use 

of blue hydrogen more difficult or impossible in the transition to climate neutrality or that 

prescribe detailed specifications for the construction and operation of electrolysis plants 

[122], [205]. 

b. Reduce climate-damaging subsidies. The reduction of climate-damaging subsidies has 

been discussed for years. The German Environment Agency has presented an extensive list 

on this subject, which includes around EUR 70 billion per year [206]. However, it is not easy 

to save this money, as every measure has its advocates and often achieves socially desirable 

goals, at least in part. Nevertheless, it is worth taking a closer look. For example, the 

commuter allowance could be realigned to eliminate climate-damaging incentives and 

reduce benefits for households in higher income groups.  

c. Standardize and coordinate reporting obligations. A constant stream of new reporting 

obligations – as part of the Supply Chain Act, the Corporate Sustainability Reporting 



Policy recommendations 

 

64 

Directive (CSRD) and other initiatives – is increasing compliance costs not only for the 

companies directly affected, but also for their suppliers. The impact on companies that are 

not directly affected is a particular problem for Germany with its many small and medium-

sized enterprises. The focus of policy should therefore be on harmonizing reporting 

obligations and reducing them where possible. In addition, structures could be created, for 

example via associations, to support companies in their reporting. 

d. Harmonize the implementation of rules. There are currently considerable differences in 

compliance with and enforcement of rules in the EU member states. However, the Aarhus 

Convention [207], [208], [209], for example, prevents participation rights, once established, 

from being abolished or reduced without further ado. While this ensures the rights of 

affected parties in participation processes, it also makes it more difficult to simplify 

approval and participation processes. On the one hand, this is problematic because 

competition within the EU is distorted by the different scope of participation processes in 

the Member States. On the other hand, this situation makes it more difficult to harmonize 

participation procedures, which impairs the financing of business models on the capital 

market, as it is more difficult to estimate future revenues and costs.  

 

5.4 International climate cooperation  

Effective international climate cooperation is the key to successful climate protection, but also a 

prerequisite for reconciling climate protection and growth in Europe. The further development of 

international climate policy from joint targets and unilateral target commitments to joint binding 

institutions that implement the targets is crucial. The conversion of European energy imports and the 

necessary diversification of imports of critical raw materials are forcing Europe to strategically realign 

its role in international energy and climate policy. The following elements can be part of a strategic 

reorientation: 

a. Anchor global climate cooperation in binding institutions. In order to achieve effective 

international climate cooperation, joint commitments based on reciprocity are required 

[106]. One possible starting point for such agreements, be it through sectoral agreements 

to reduce emissions or the introduction of a global CO2 minimum price, could be a Climate 

Club. Such a club has already been set up on the initiative of the G7, but binding joint 

commitments and institutions are still lacking. Joint institutions of selected states could 

initially comprise a "community of the willing" (also within the Climate Club) and would have 

to be secured externally with a CO2 border adjustment mechanism (analogous to the CBAM) 

in order to protect the competitiveness of the participating states and at the same time 

avoid carbon leakage. Such an approach could be discussed within the Climate Club in 

order to reduce the reservations of countries that do not yet want to commit to joint 

institutions for climate protection. 

b. Establish global trade in climate-neutral energy carriers. Europe has a special role as the 

only continent that needs significant energy imports even in a climate-neutral world. The 

EU should therefore initiate global trade in climate-neutral energy carriers at an early stage 

and also establish new energy trade relations in this context in order to diversify energy 

trade relations. For countries with great potential for the production of climate-friendly 
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hydrogen and derivatives, the new role as an energy exporter offers opportunities, for 

example through technology transfer from the EU and the creation of skilled jobs. The EU 

can diversify its energy supply by establishing new energy value chains and also benefit 

from plant construction and service exports.  

c. Redirect and broaden trade relations. Europe must muster the strength to ratify trade 

agreements that have already been negotiated and to negotiate new ones. This is important 

not least in order to gain access to important raw material deposits. Activities should be 

intensified in a targeted manner where new cooperation can be strategically initiated or the 

hardships of transformation for other countries are to be cushioned. It is preferable to 

reduce dependencies by intensifying new collaborations in the course of the transformation 

than by cutting back existing relationships. 

d. Intertwine policy areas. International climate financing, energy policy, development policy, 

foreign trade policy, trade policy and other policy areas exhibit strategic complementarities 

in the upcoming transformation. It is important to overcome the departmental principle in 

these areas and to leverage the sometimes substantial synergies between the policy fields. 

This can be achieved, for example, by agreeing on cross-departmental mechanisms that are 

not associated with specific funding instruments but have a structural effect (such as 

emissions trading). On the other hand, initiatives that are coordinated across departments 

can address the strategic interdependence and take this into account. The import strategy 

for hydrogen and hydrogen derivatives sets a good example here by comprehensively 

coordinating and explaining the interplay of policy areas. 

e. Use forward guidance in global energy policy. In order to strategically align Europe's role in 

energy and climate policy, it is important to analyze long-term global developments at an 

early stage and identify opportunities and risks for Europe. Important aspects may include 

the future growth ambitions of developing and emerging countries (Figure 2 c)) and the 

energy requirements necessary for this, the control of fossil resources by power elites 

(Figure 2 e)) or migration flows that are to be expected as a result of climate change but can 

possibly be mitigated with foresight through international cooperation.  

 

5.5 Strengthen growth potential 

An efficient energy and climate policy can only succeed and promote growth if structural changes are 

made in parallel to strengthen growth potential. In addition to measures that are directly aimed at 

energy and climate policy and therefore result in the lowest possible energy costs, the following 

measures should be prioritized: 

a. Increase the labor volume. The declining labor volume, particularly due to demographic 

change, is significantly dampening potential growth and posing challenges for various sectors 

of the economy. Companies will try to compensate for the lack of workers by increasing their 

capital investment. However, it will also be necessary to mobilize part-time workers, older 

workers and recipients of the benefit system as well as immigration in order to mitigate the 

negative effects on potential output [175], [179]. In view of the shortage of skilled workers and 

the change in requirement profiles in the course of the transformations, the adaptation of 
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qualification profiles will become a challenge. Highly qualified specialists will continue to be a 

key location factor in the future. In the course of the transformations, coordinated efforts in 

the area of further training and retraining (partly also by the state) are therefore essential in 

order to successfully master the structural change. Due to the hoarding of scarce labor by 

companies and the lack of reallocation of labor to more efficient companies during the crises 

of recent years, labor productivity is currently low [97, Ch. 1]. Obstacles to the reallocation of 

labor should therefore be removed as consistently as possible. This implies in particular that 

structural change in industry should not be unnecessarily held up by state support for 

companies. 

b. Strengthen the education system. Investment in the education system, from early childhood 

education to university, is an important, if not the most important, basis for economic growth. 

Public spending on education should increase significantly [97] and a greater focus should be 

placed on the first years of education, from early childhood education to elementary school. A 

society that is becoming more diverse through immigration must develop strategies to offer 

immigrants and their children equal opportunities. This is the only way to make Germany an 

attractive country of immigration, where immigrants are rewarded for their achievements and 

where, in turn, the country succeeds in raising the potential of its population [179]. At the 

same time, high-quality childcare and education services can increase the potential working 

hours of parents, which will alleviate the increasing shortage of skilled workers. 

c. Steer investments towards growth sectors. The weak growth that has already manifested itself 

since 2019 [180] has been further exacerbated by the effects of the recent crises. Significant 

productivity-enhancing investments in capital stock and human capital are required to get 

back on a robust growth path. An efficient transformation of the energy supply in the European 

and global context, as outlined in this report, is a prerequisite for success. However, an 

inefficient allocation of production factors is currently slowing down growth potential [175]. In 

order to attract private investment and channel production factors into more productive 

economic sectors, it is important to increase the attractiveness of the location (see the other 

recommendations in this section) and also to refrain from supporting companies that will no 

longer be competitive under the future framework conditions. In addition, adjustments to the 

tax and regulatory framework will be necessary in order to increase the innovative strength of 

the economy and the attractiveness of business models.  

d. Strengthen capital markets and a banking union. The deepening of the capital markets union 

and the banking union are crucial to facilitate access to capital for future growth markets. 

However, European capital markets are fragmented along national lines, which limits the 

financing options available to companies. In particular, there are major national differences in 

corporate reporting and insolvency law, as well as tax obstacles to cross-border investments 

[183]. Greater integration and harmonization of financial markets in Europe could make it 

easier for companies to access financing options and help to diversify risks and facilitate the 

financing of investments in the course of transformation [183]. This is because the financing 

via loans that is widespread in Germany and other European countries is unsuitable for many 

projects in the course of transformation due to their risk structure [183].  

e. Adapt social security systems to growth potential. In order to create room for state investment, 

the social security systems should be adapted to the expected growth potential. In particular, 
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the expected increase in statutory pension insurance expenditure as a result of demographic 

developments should be curbed by means of suitable reforms [94], [94, p. 368 ff.]. In order to 

relieve the transfer systems, work incentives could be strengthened, which would also alleviate 

the labor shortage [210]. Long-term sustainable social systems relieve the burden on state 

budgets and create scope for future-oriented expenditure. 

f. Acting sustainably not only in climate protection. Climate protection can only succeed if

sustainable action is also taken in other policy areas. Key areas of action include effective fiscal

rules, which are necessary to ensure long-term debt sustainability and prevent sovereign debt

crises. It is also crucial to establish and maintain long-term defense capabilities in order to

make military attacks unattractive for potential aggressors and thus make conflicts less likely

from the outset. Adequate spending on education ensures that equal opportunities and the

innovative strength of society are strengthened and maintained in the long term. Abandoning

sustainability in any of these areas (or in other important fields of action) is likely to make

crisis situations more likely, which would inevitably divert political attention away from climate

protection and growth-oriented policies.

g. relieve the transfer systems, work incentives could be strengthened, which would also alleviate

the labor shortage [210]. Long-term sustainable social systems relieve the burden on state

budgets and create scope for future-oriented expenditure.

h. Acting sustainably not only in climate protection. Climate protection can only succeed if

sustainable action is also taken in other policy areas. Key areas of action include effective fiscal

rules, which are necessary to ensure long-term debt sustainability and prevent sovereign debt

crises. It is also crucial to establish and maintain long-term defense capabilities in order to

make military attacks unattractive for potential aggressors and thus make conflicts less likely

from the outset. Adequate spending on education ensures that equal opportunities and the

innovative strength of society are strengthened and maintained in the long term. Abandoning

sustainability in any of these areas (or in other important fields of action) is likely to make

crisis situations more likely, which would inevitably divert political attention away from climate

protection and growth-oriented policies.



69 

[1] M. Draghi, “The future of European competitiveness: Part A - A competitiveness strategy for

Europe,” European Commission, 2024. [Online]. Available:

https://commission.europa.eu/document/download/97e481fd-2dc3-412d-be4c-

f152a8232961_en?filename=The%20future%20of%20European%20competitiveness%20_%20A%2

0competitiveness%20strategy%20for%20Europe.pdf

[2] M. Draghi, “The future of European competitiveness: Part B - In-depth analysis and

recommendations,” European Commission, 2024. [Online]. Available:

https://commission.europa.eu/document/download/ec1409c1-d4b4-4882-8bdd-

3519f86bbb92_en?filename=The%20future%20of%20European%20competitiveness_%20In-

depth%20analysis%20and%20recommendations_0.pdf

[3] E. Letta, “Much more than a market: Speed, Security, Solidarity - Empowering the Single Market

to deliver a sustainable future and prosperity for all EU Citizens,” 2024. [Online]. Available:

https://www.consilium.europa.eu/media/ny3j24sm/much-more-than-a-market-report-by-

enrico-letta.pdf

[4] G. Claeys, M. Le Mouel, S. Tagliapietra, G. B. Wolff, and G. Zachmann, The Macroeconomics of

Decarbonisation: Implications and Policies, 1st ed. Cambridge University Press, 2024. doi:

10.1017/9781009438353.

[5] Hampshire-Waugh, “Mitigation and the Kaya identity,” NET-ZERO. Accessed: Aug. 29, 2024.

[Online]. Available: https://net-zero.blog/book-blog/the-kaya-identity

[6] K. Yamaji, R. Matsuhashi, Y. Nagata, and Y. Kaya, “An integrated system for CO2/energy/GNP

analysis: case studies on economic measures for CO2 reduction in Japan,” in Workshop on CO2

reduction and removal: measures for the next century, International Institute for Applied

Systems Analysis Laxenburg, Austria, 1991.

[7] German Council of Economic Experts (GCEE), “Competitiveness in times of geopolitical change,”

in Managing the energy crisis in solidarity and shaping the new reality, in Annual Report

2022/23. , Wiesbaden, 2022. [Online]. Available: https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/jg202223/JG202223_Chapter_7.pdf

[8] A. De Vries, “The growing energy footprint of artificial intelligence,” Joule, vol. 7, no. 10, pp.

2191–2194, Oct. 2023, doi: 10.1016/j.joule.2023.09.004.

[9] entso-e and entso-g, “Demand Scenarios TYNDP 2024 After Public Consultation.” 2024.

Accessed: Sep. 05, 2024. [Online]. Available: https://2024.entsos-tyndp-scenarios.eu/wp-

content/uploads/2024/01/Demand_Scenarios_TYNDP_2024_After_Public_Consultation.xlsb.zip

[10] International Energy Agency (IEA), “Electricity 2024: Analysis and forecast to 2026,” 2024.

[Online]. Available: https://iea.blob.core.windows.net/assets/18f3ed24-4b26-4c83-a3d2-

8a1be51c8cc8/Electricity2024-Analysisandforecastto2026.pdf

[11] L. Lin, R. Wijayawardana, V. Rao, H. Nguyen, E. W. Gnibga, and A. A. Chien, “Exploding AI Power

Use: an Opportunity to Rethink Grid Planning and Management,” in The 15th ACM International

Conference on Future and Sustainable Energy Systems, Singapore Singapore: ACM, 2024, pp.

434–441. doi: 10.1145/3632775.3661959.

[12] International Energy Agency (IEA), “World Energy Outlook 2023 Free Dataset.” 2023. Accessed:

Sep. 06, 2024. [Online]. Available: https://www.iea.org/data-and-statistics/data-

product/world-energy-outlook-2023-free-dataset-2

[13] International Energy Agency (IEA), “Greenhouse Gas Emissions from Energy Highlights.” 2024.

Accessed: Sep. 06, 2024. [Online]. Available: https://www.iea.org/data-and-statistics/data-

product/greenhouse-gas-emissions-from-energy-highlights

6 Literature



Literature 

70 

[14] United Nations - Department of Economic and Social Affairs - Population Division, “World

Population Prospects 2024.” 2024. Accessed: Jul. 12, 2024. [Online]. Available:

https://population.un.org/wpp/Download/Standard/MostUsed/

[15] J. Bolt and J. L. Van Zanden, “Maddison Project Database 2023.” DataverseNL, 2024. doi:

10.34894/INZBF2.

[16] Energy Institute, “Statistical Review of World Energy.” 2024. [Online]. Available:

https://www.energyinst.org/statistical-review

[17] U.S. Energy Information Administration (EIA), “International Energy Data.” 2023. Accessed: Sep.

04, 2024. [Online]. Available: https://www.eia.gov/international/overview/world

[18] European Council on Foreign Relations (ECFR) and Stiftung Mercator, “The Power Atlas: Seven

battlegrounds of a networked world,” 2021. [Online]. Available: https://ecfr.eu/wp-

content/uploads/power-atlas.pdf

[19] Global Energy Monitor, “Global Coal Mine Tracker,” 2024. [Online]. Available:

https://globalenergymonitor.org/projects/global-coal-mine-tracker/download-data/

[20] World Bank, “Oil rents (% of GDP).” 2024. Accessed: Sep. 03, 2024. [Online]. Available:

https://data.worldbank.org/indicator/NY.GDP.PETR.RT.ZS

[21] D. Runfola et al., “geoBoundaries: A global database of political administrative boundaries,”

PLoS ONE, vol. 15, no. 4, p. e0231866, Apr. 2020, doi: 10.1371/journal.pone.0231866.

[22] Deloitte, “Green hydrogen: Energizing the path to net zero,” 2023. [Online]. Available:

https://www2.deloitte.com/content/dam/Deloitte/global/Documents/gx-green-hydrogen.pdf

[23] Expertenkommission zum Energiewende-Monitoring (EEM), “Monitoringbericht,” 2024. [Online].

Available: https://www.bmwk.de/Redaktion/DE/Publikationen/Energie/monitoringbericht-

expertenkommission-zum-energiewende-monitoring.pdf?__blob=publicationFile&v=6

[24] International Renewable Energy Agency (IRENA), “Global hydrogen trade to meet the 1.5°C

climate goal: Part I - Trade outlook for 2050 and way forward,” Abu Dhabi, 2022. Accessed:

Sep. 05, 2024. [Online]. Available: https://www.irena.org/-

/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Global_hydrogen_trade_part_1_2022_.

pdf

[25] J. Schippert, P. Runge, N. Farhang-Damghani, and V. Grimm, “Greenhouse Gas Footprint of Blue

Hydrogen with Different Production Technologies and Logistics Options,” SSRN Journal, 2022,

doi: 10.2139/ssrn.4153724.

[26] J. Brandt et al., “Cost and competitiveness of green hydrogen and the effects of the European

Union regulatory framework,” Nat Energy, vol. 9, no. 6, pp. 703–713, May 2024, doi:

10.1038/s41560-024-01511-z.

[27] L. Bühler, D. Möst, and H. Scharf, “Grüner Wasserstoff: Wie steht es um die Wirtschaftlichkeit

und welche Nachfrage lässt sich erwarten?,” ifo Dresden berichtet, no. 30, 2023, [Online].

Available: https://www.ifo.de/publikationen/2023/aufsatz-zeitschrift/gruener-wasserstoff-

wirtschaftlichkeit

[28] J. F. George, V. P. Müller, J. Winkler, and M. Ragwitz, “Is blue hydrogen a bridging technology? -

The limits of a CO2 price and the role of state-induced price components for green hydrogen

production in Germany,” Energy Policy, vol. 167, p. 113072, Aug. 2022, doi:

10.1016/j.enpol.2022.113072.

[29] A. Odenweller, F. Ueckerdt, G. F. Nemet, M. Jensterle, and G. Luderer, “Probabilistic feasibility

space of scaling up green hydrogen supply,” Nat Energy, vol. 7, no. 9, pp. 854–865, Sep. 2022,

doi: 10.1038/s41560-022-01097-4.



Literature 

71 

[30] F. Ueckerdt et al., “On the cost competitiveness of blue and green hydrogen,” Joule, vol. 8, no.

1, pp. 104–128, Jan. 2024, doi: 10.1016/j.joule.2023.12.004.

[31] J. Egerer, N. Farhang-Damghani, V. Grimm, and P. Runge, “The industry transformation from

fossil fuels to hydrogen will reorganize value chains: Big picture and case studies for Germany,”

Applied Energy, vol. 358, p. 122485, Mar. 2024, doi: 10.1016/j.apenergy.2023.122485.

[32] K. Franke, J. F. Garcia, C. Kleinschmitt, and F. Sensfuß, “Assessing worldwide future potentials of

renewable electricity generation: Installable capacity, full load hours and costs,” Renewable

Energy, vol. 226, p. 120376, May 2024, doi: 10.1016/j.renene.2024.120376.

[33] International Energy Agency (IEA), “Global Hydrogen Review 2023,” 2023. [Online]. Available:

https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-

6ce5b1e19cef/GlobalHydrogenReview2023.pdf

[34] M. Pfennig et al., “Global GIS-based potential analysis and cost assessment of Power-to-X fuels

in 2050,” Applied Energy, vol. 347, p. 121289, Oct. 2023, doi:

10.1016/j.apenergy.2023.121289.

[35] P. Runge, C. Sölch, J. Albert, P. Wasserscheid, G. Zöttl, and V. Grimm, “Economic comparison of

electric fuels for heavy duty mobility produced at excellent global sites - a 2035 scenario,”

Applied Energy, vol. 347, p. 121379, Oct. 2023, doi: 10.1016/j.apenergy.2023.121379.

[36] International Energy Agency (IEA), “Global Hydrogen Review 2024,” 2024. [Online]. Available:

https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-

9f7d41531ab5/GlobalHydrogenReview2024.pdf

[37] P. Friedlingstein et al., “Global Carbon Budget 2023,” Earth Syst. Sci. Data, vol. 15, no. 12, pp.

5301–5369, Dec. 2023, doi: 10.5194/essd-15-5301-2023.

[38] G. P. Peters, J. C. Minx, C. L. Weber, and O. Edenhofer, “Growth in emission transfers via

international trade from 1990 to 2008,” Proc. Natl. Acad. Sci. U.S.A., vol. 108, no. 21, pp. 8903–

8908, Apr. 2011, doi: 10.1073/pnas.1006388108.

[39] World Bank, “World Development Indicators.” The World Bank, 2023. doi: 10.57966/6RWY-

0B07.

[40] International Energy Agency (IEA), “Renewables 2023: Analysis and forecast to 2028,” 2024.

[Online]. Available: https://iea.blob.core.windows.net/assets/96d66a8b-d502-476b-ba94-

54ffda84cf72/Renewables_2023.pdf

[41] German Council of Economic Experts (GCEE), “Global climate protection: Policy framework and

potential courses of action,” in Shaping the transformation: Education, digitalisation and

sustainability, in Annual Report 2021/22. , Wiesbaden, 2021. [Online]. Available:

https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/jg202122/JG202122_Chapter_5.pdf

[42] T. Corsatea et al., “World Input-Output Database Environmental Accounts,” Publications Office

of the European Union, Luxembourg, 2019. [Online]. Available:

https://publications.jrc.ec.europa.eu/repository/handle/JRC116234

[43] Groningen Growth and Development Centre (GGDC), “World Input-Output Database.” 2016.

Accessed: Sep. 06, 2024. [Online]. Available: https://www.rug.nl/ggdc/valuechain/wiod/

[44] Fraunhofer ISE, “Levelized Cost of Electricity Renewable Energy Technologies,” 2024. [Online].

Available: https://www.ise.fraunhofer.de/en/publications/studies/cost-of-electricity.html

[45] pv magazine Deutschland, “Photovoltaik-Stromgestehungskosten liegen in Deutschland

zwischen 4,1 und 14,4 Cent pro Kilowattstunde.” Accessed: Oct. 13, 2024. [Online]. Available:



Literature 

72 

https://www.pv-magazine.de/2024/10/07/photovoltaik-stromgestehungskosten-liegen-in-

deutschland-zwischen-41-und-144-cent-pro-kilowattstunde/ 

[46] International Renewable Energy Agency (IRENA), “Renewable power generation costs in 2022,”

Abu Dhabi, 2022. [Online]. Available: https://www.irena.org/-

/media/Files/IRENA/Agency/Publication/2023/Aug/IRENA_Renewable_power_generation_costs_

in_2022.pdf

[47] V. Grimm, L. Oechsle, and G. Zöttl, “Levelized cost of load coverage (LCOLC) – A simple and

meaningful cost measure for electricity,” Forthcoming. SSRN Electronic Journal, 2024.

[48] V. Grimm, L. Oechsle, and G. Zöttl, “Stromgestehungskosten von Erneuerbaren sind kein guter

Indikator für zukünftige Stromkosten,” Wirtschaftsdienst, vol. 104, no. 6, pp. 387–394, Jun.

2024, doi: 10.2478/wd-2024-0104.

[49] U.S. Energy Information Administration (EIA), “Levelized Costs of New Generation Resources in

the Annual Energy Outlook 2023,” 2023. [Online]. Available:

https://www.eia.gov/outlooks/aeo/electricity_generation/pdf/AEO2023_LCOE_report.pdf

[50] International Energy Agency (IEA) and Nuclear Energy Agency (NEA), “Projected Costs of

Generating Electricity,” 2020. [Online]. Available:

https://iea.blob.core.windows.net/assets/ae17da3d-e8a5-4163-a3ec-

2e6fb0b5677d/Projected-Costs-of-Generating-Electricity-2020.pdf.

[51] Lazard, “Levelized Cost of Energy +,” 2024. [Online]. Available:

https://www.lazard.com/media/xemfey0k/lazards-lcoeplus-june-2024-_vf.pdf

[52] Expertenkommission zum Monitoring-Prozess „Energie der Zukunft“, “Stellungnahme zum

achten Monitoring-Bericht der Bundesregierung für die Berichtsjahre 2018 und 2019,” 2021.

[Online]. Available: https://www.wirtschaftstheorie.rw.fau.de/files/2021/03/stellungnahme-

der-expertenkommission-langfassung.pdf

[53] V. Grimm, C. Sölch, and G. Zöttl, “Emissions reduction in a second-best world: On the long-

term effects of overlapping regulations,” Energy Economics, vol. 109, p. 105829, May 2022, doi:

10.1016/j.eneco.2022.105829.

[54] Monopolkommission, “Avoid patchwork, targeted action required,” Sondergutachten der

Monopolkommission gemäß § 62 EnWG - in German languague, 2017. [Online]. Available:

http://www.monopolkommission.de/images/PDF/SG/s77_volltext.pdf

[55] International Energy Agency (IEA), “Advancing Clean Technology Manufacturing: An Energy

Technology Perspectives Special Report,” 2024. [Online]. Available:

https://iea.blob.core.windows.net/assets/7e7f4b17-1bb2-48e4-8a92-

fb9355b1d1bd/CleanTechnologyManufacturingRoadmap.pdf

[56] IEA, “Average power generation construction time (capacity weighted).” 2019. Accessed: Oct. 14,

2024. [Online]. Available: https://www.iea.org/data-and-statistics/charts/average-power-

generation-construction-time-capacity-weighted-2010-2018

[57] Fachagentur Wind an Land (FA Wind), “Typische Verfahrenslaufzeiten von Windenergieprojekten:

Empirische Datenanalyse für den Zeitraum 2011 bis 2022,” 2023. [Online]. Available:

https://www.fachagentur-

windenergie.de/fileadmin/files/Veroeffentlichungen/Analysen/FA_Wind_Analyse_typischer_Verf

ahrenslaufzeiten_06-2023.pdf

[58] German Council of Economic Experts (GCEE), “Taking advantage of capital markets in Germany

and the EU,” in Overcoming sluggish growth – Investing in the future, in Annual Report

2023/24. , Wiesbaden, 2023. [Online]. Available: https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/jg202324/JG202324_Chapter_3.pdf



Literature 

73 

[59] European Patent Office (EPO), “Patentfamilien.” Accessed: Sep. 04, 2024. [Online]. Available:

https://www.epo.org/de/searching-for-patents/helpful-resources/first-time-here/patent-

families

[60] EPO, “Financing and commercialisation of cleantech innovation.” 2024. Accessed: Sep. 03, 2024.

[Online]. Available: https://link.epo.org/web/publications/studies/en-financing-and-

commercialisation-of-cleantech-innovation-study.pdf

[61] J. M. Pepe, D. Ansari, and R. M. Gehrung, “The geopolitics of hydrogen: technologies, actors and

scenarios until 2040,” SWP Research Paper, 2023, doi: 10.18449/2023RP13V02.

[62] Deutsche Rohstoffagentur (DERA), “ROSYS - Das interaktive Rohstoffinformationssystem der

DERA.” 2019. Accessed: Sep. 04, 2024. [Online]. Available: https://www.deutsche-

rohstoffagentur.de/DERA/DE/ROSYS/rosys_node.html;jsessionid=78D89ED55E36C92D3BB0E31

F4636F4F3.internet011

[63] European Commission, Regulation (EU) 2024/1252 of the European Parliament and of the

Council of 11 April 2024 establishing a framework for ensuring a secure and sustainable supply

of critical raw materials and amending Regulations (EU) No 168/2013, (EU) 2018/858, (EU)

2018/1724 and (EU) 2019/1020 (Text with EEA relevance), vol. 1252. 2024. [Online]. Available:

https://eur-lex.europa.eu/eli/reg/2024/1252/oj

[64] Bundesregierung, “Rohstoffstrategie der Bundesregierung: Sicherung einer nachhaltigen

Rohstoffversorgung Deutschlands mit nichtenergetischen mineralischen Rohstoffen,”

Bundesministerium für Wirtschaft und Klimaschutz (BMWK), 2019. [Online]. Available:

https://www.bmwk.de/Redaktion/DE/Publikationen/Industrie/rohstoffstrategie-der-

bundesregierung.pdf?__blob=publicationFile&v=1

[65] B. Kuhn, “Kritische Rohstoffe: Wie die EU ihre China-Abhängigkeit senken will,”

Wirtschaftsdienst, vol. 104, no. 7, pp. 490–496, Jul. 2024, doi: 10.2478/wd-2024-0126.

[66] L. Flach, F. Teti, I. Gourevich, L. Scheckenhofer, and L. Grandum, “How Dependent Is Germany

on Raw Material Imports? An Analysis for the Production of Key Technologies,” ifo Institute,

München, ifo Study on request of the IHK for Munich and Upper Bavaria - in German languague,

2022. [Online]. Available: https://www.ifo.de/DocDL/ifo-Studie_Rohstoffimporte.pdf

[67] United Nations Framework Convention on Climate Change (UNFCCC), “Nationally determined

contributions under the Paris Agreement: Synthesis report by the secretariat,” Sharm el-Sheikh,

2022. [Online]. Available: https://unfccc.int/sites/default/files/resource/cma2022_04.pdf

[68] World Bank, “State and Trends of Carbon Pricing.” 2024. Accessed: Jun. 25, 2024. [Online].

Available: https://carbonpricingdashboard.worldbank.org/about#download-data

[69] J. Lang et al., “Net Zero Tracker.” Energy and Climate Intelligence Unit, Data-Driven EnviroLab,

NewClimate Institute, Oxford Net Zero, 2023. Accessed: Jun. 17, 2024. [Online]. Available:

https://zerotracker.net/

[70] International Carbon Action Partnership (ICAP), “ICAP ETS Map.” 2024. Accessed: Sep. 06, 2024.

[Online]. Available: https://icapcarbonaction.com/en/ets

[71] G7 Germany, “G7 Statement on Climate Club,” Elmau, 2022. [Online]. Available:

https://www.g7germany.de/resource/blob/974430/2057926/43099dc0d5bba6a5cdefca66c91

14ec6/2022-06-28-g7-climate-club-data.pdf?download=1

[72] The Federal Government, “The beginning of the end of the fossil fuel era,” Website of the

Federal Government | Bundesregierung. Accessed: Oct. 16, 2024. [Online]. Available:

https://www.bundesregierung.de/breg-en/news/cop-28-2247402



Literature 

74 

[73] G7 Germany, “Terms of Reference for the Climate Club,” 2022. [Online]. Available:

https://www.g7germany.de/resource/blob/974430/2153140/a04dde2adecf0ddd38cb9829a99

c322d/2022-12-12-g7-erklaerung-data.pdf?download=1

[74] G7 Germany, “G7 Leaders’ Statement,” 2022. [Online]. Available:

https://www.g7germany.de/resource/blob/997532/2153142/960bf2bf29ddb2253fca0c3bf8f9

83e7/2022-12-12-g7leadersstatement-data.pdf?download=1

[75] Climate Club, “The Climate Club.” Accessed: Oct. 16, 2024. [Online]. Available: https://climate-

club.org/

[76] W. Nordhaus, “Climate Clubs: Overcoming Free-riding in International Climate Policy,” American

Economic Review, vol. 105, no. 4, pp. 1339–1370, Apr. 2015, doi: 10.1257/aer.15000001.

[77] B. Moll, M. Schularick, and G. Zachmann, “The Power of Substitution: The Great German Gas

Debate in Retrospect,” eca, vol. 2023, no. 2, pp. 395–481, Sep. 2023, doi:

10.1353/eca.2023.a935431.

[78] G. Zachmann and B. McWilliams, “The European Union demand response to high natural gas

prices,” bruegel, 2022. [Online]. Available: https://www.bruegel.org/blog-post/european-

union-demand-response-high-natural-gas-prices

[79] O. Ruhnau, C. Stiewe, J. Muessel, and L. Hirth, “Natural gas savings in Germany during the 2022

energy crisis,” Nat Energy, vol. 8, no. 6, pp. 621–628, Jun. 2023, doi: 10.1038/s41560-023-

01260-5.

[80] G. Zachmann, C. Batlle, F. Beaude, C. Maurer, M. Morawiecka, and F. Roques, “Unity in power,

power in unity: why the EU needs more integrated electricity markets,” bruegel, 2024. Accessed:

Oct. 08, 2024. [Online]. Available: https://www.bruegel.org/policy-brief/unity-power-power-

unity-why-eu-needs-more-integrated-electricity-markets

[81] German Council of Economic Experts (GCEE), “Recovery of the German economy is delayed

further,” in Spring Report 2024, Wiesbaden, 2024. [Online]. Available:

https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/fg2024/FG2024_Chapter_1.pdf

[82] Council of Experts on Climate Change, “Verification Report on the Calculation of German

Greenhouse Gas Emissions for the Year 2022,” in German languague, 2023. [Online]. Available:

https://expertenrat-klima.de/content/uploads/2023/05/ERK2023_Pruefbericht-

Emissionsdaten-des-Jahres-2022.pdf

[83] The Federal Government, “The National Hydrogen Strategy,” Federal Ministry for Economic

Affairs and Energy, 2020. [Online]. Available:

https://www.bmwk.de/Redaktion/EN/Publikationen/Energie/the-national-hydrogen-

strategy.pdf?__blob=publicationFile&v=1

[84] The Federal Government, “National Hydrogen Strategy Update,” Federal Ministry for Economic

Affairs and Climate Action (BMWK), 2023. [Online]. Available:

https://www.bmwk.de/Redaktion/EN/Publikationen/Energie/national-hydrogen-strategy-

update.pdf?__blob=publicationFile&v=2

[85] The Federal Government, “Import Strategy for hydrogen and hydrogen derivatives,” Federal

Ministry for Economic Affairs and Climate Action (BMWK), 2024. [Online]. Available:

https://www.bmwk.de/Redaktion/EN/Publikationen/Energie/importstrategy-

hydrogen.pdf?__blob=publicationFile&v=7

[86] Bundesnetzagentur (BNetzA), “Bundesnetzagentur veröffentlicht Daten zum Strommarkt 2023.”

Accessed: Sep. 05, 2024. [Online]. Available:



Literature 

75 

https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/DE/2024/20240103_SMA

RD.html 

[87] National Hydrogen Council (NWR), “Update 2024: Greenhouse gas savings and the associated

hydrogen demand in Germany,” 2024. [Online]. Available:

https://www.wasserstoffrat.de/fileadmin/wasserstoffrat/media/Dokumente/EN/2024/2024-

05-03_NWR-White_paper_Update_2024_hydrogen_demands.pdf

[88] Frontier Economics and IW, “Synthetische Energieträger - Perspektiven für die deutsche

Wirtschaft und den internationalen Handel: Eine Untersuchung der Marktpotentiale, Investitions- 

und Beschäftigungseffekte,” Studie im Auftrag von Institut für Wärme und Oeltechnik e. V.

(IWO), MEW Mittelständische Energiewirtschaft Deutschland e. V. und UNITI Bundesverband

mittelständischer Mineralölunternehmen e. V., 2018. [Online]. Available: https://en2x.de/wp-

content/uploads/2021/08/Studie_Perspektiven_synthetische_Energietraeger.pdf

[89] T. Galimova, M. Fasihi, D. Bogdanov, and C. Breyer, “Feasibility of green ammonia trading via

pipelines and shipping: Cases of Europe, North Africa, and South America,” Journal of Cleaner

Production, vol. 427, p. 139212, Nov. 2023, doi: 10.1016/j.jclepro.2023.139212.

[90] G. Lopez, T. Galimova, M. Fasihi, D. Bogdanov, and C. Breyer, “Towards defossilised steel:

Supply chain options for a green European steel industry,” Energy, vol. 273, p. 127236, Jun.

2023, doi: 10.1016/j.energy.2023.127236.

[91] Fraunhofer ISE and Fraunhofer IEE, “Bottom-up study on possible pathways for an efficient and

socially responsible approach to decarbonisation of the heating sector,” Commissioned by the

German National Hydrogen Council, 2022. [Online]. Available:

https://www.wasserstoffrat.de/fileadmin/wasserstoffrat/media/Dokumente/EN/2022-12-

09_Bottom-Up-Study-WEB-Bf_Short_form_report.pdf

[92] European Commission, Regulation (EU) 2023/956 of the European Parliament and of the Council

of 10 May 2023 establishing a carbon border adjustment mechanism (Text with EEA relevance),

vol. 130. 2023. Accessed: Oct. 15, 2024. [Online]. Available:

http://data.europa.eu/eli/reg/2023/956/oj/eng

[93] European Commission, Commission Implementing Regulation (EU) 2023/1773 of 17 August

2023 laying down the rules for the application of Regulation (EU) 2023/956 of the European

Parliament and of the Council as regards reporting obligations for the purposes of the carbon

border adjustment mechanism during the transitional period (Text with EEA relevance), vol. 228.

2023. Accessed: Oct. 15, 2024. [Online]. Available:

http://data.europa.eu/eli/reg_impl/2023/1773/oj/eng

[94] German Council of Economic Experts (GCEE), “Population ageing surge and pension reforms,” in

Overcoming sluggish growth – Investing in the future, in Annual Report 2023/24. , Wiesbaden,

2023. [Online]. Available: https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/jg202324/JG202324_Chapter_5.pdf

[95] Bundesregierung, “Entwurf Bundeshaushaltsplan 2025,” 2024. [Online]. Available:

https://www.bundeshaushalt.de/static/daten/2025/soll/draft/Vorspann.pdf

[96] G. B. Wolff, A. Burilkov, K. Bushnell, and I. Kharitonov, “Fit for war in decades: Europe’s and

Germany’s slow rearmament vis-à-vis Russia,” Kiel Institute for the World Economy (IfW), Kiel,

Kiel Report 1/2024, 2024. [Online]. Available: https://www.ifw-

kiel.de/fileadmin/Dateiverwaltung/IfW-Publications/fis-import/1f9c7f5f-15d2-45c4-8b85-

9bb550cd449d-Kiel_Report_no1.pdf



Literature 

76 

[97] German Council of Economic Experts (GCEE), Addressing shortfalls, modernising resolutely. in

Annual Report 2024/25. Wiesbaden, 2024. [Online]. Available:

https://www.sachverstaendigenrat-wirtschaft.de/en/annualreport-2024.html

[98] Stockholm International Peace Research Institute (SIPRI), “SIPRI Military Expenditure Database.”

2024. Accessed: Sep. 25, 2024. [Online]. Available: https://www.sipri.org/databases/milex

[99] L. P. Feld, V. Grimm, and W. H. Reuter, “Zukunftsperspektiven sichern durch Reformen, nicht

durch Schulden,” Wirtschaftsdienst, vol. 2021, no. 6, pp. 418–424, 2021.

[100] C. Fuest, “Can Economic Growth and Ecological Sustainability Coexist?,” ifo Viewpoint, no. 250,

2023, [Online]. Available: https://www.ifo.de/en/publications/2023/ifo-viewpoint/economic-

growth-and-ecological-sustainability

[101] F. Lindner, “Kein Wachstum ist auch keine Lösung: Eine Kritik an Degrowth- und

Postwachstumsansätzen,” Wirtschaftsdienst, vol. 103, no. 8, pp. 564–569, Aug. 2023, doi:

10.2478/wd-2023-0157.

[102] German Council of Economic Experts (GCEE), “The debt brake after the federal constitutional

court judgement: Increase flexibility - maintain stability,” Wiesbaden, Policy Brief 1/2024, 2024.

[Online]. Available: https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/PolicyBrief/pb2024/Policy_Brief_2024_01_eng.pdf

[103] V. Grimm, L. Nöh, and V. Wieland, “Government bond rates and interest expenditure of large

euro area member states: A scenario analysis,” International Finance, vol. 26, no. 3, pp. 286–

303, Dec. 2023, doi: 10.1111/infi.12434.

[104] K. Clausing, P. Cramton, A. Ockenfels, and C. Wolfram, “Strategic Climate Cooperation and

Greenhouse Gas Price Coordination,” Intereconomics, vol. 59, no. 1, pp. 55–56, Feb. 2024, doi:

10.2478/ie-2024-0011.

[105] German Council of Economic Experts (GCEE), “Setting out for a new climate policy,” Wiesbaden,

Special Report, 2019. [Online]. Available: https://www.sachverstaendigenrat-

wirtschaft.de/en/special-report-2019.html

[106] P. Cramton, A. Ockenfels, and J. Tirole, “Translating the Collective Climate Goal Into a Common

Climate Commitment,” Review of Environmental Economics and Policy, vol. 11, no. 1, pp. 165–

171, Jan. 2017, doi: 10.1093/reep/rew015.

[107] S. Borghesi, M. Montini, and A. Barreca, The European Emission Trading System and Its

Followers. in SpringerBriefs in Environmental Science. Cham: Springer International Publishing,

2016. doi: 10.1007/978-3-319-31186-9.

[108] N. Döbbeling-Hildebrandt et al., “Systematic review and meta-analysis of ex-post evaluations

on the effectiveness of carbon pricing,” Nat Commun, vol. 15, no. 1, p. 4147, May 2024, doi:

10.1038/s41467-024-48512-w.

[109] E. Narassimhan, K. S. Gallagher, S. Koester, and J. R. Alejo, “Carbon pricing in practice: a review

of existing emissions trading systems,” Climate Policy, vol. 18, no. 8, pp. 967–991, Sep. 2018,

doi: 10.1080/14693062.2018.1467827.

[110] M. Ranson and R. N. Stavins, “Linkage of greenhouse gas emissions trading systems: learning

from experience,” Climate Policy, vol. 16, no. 3, pp. 284–300, Apr. 2016, doi:

10.1080/14693062.2014.997658.

[111] R. Schmalensee and R. N. Stavins, “The design of environmental markets: What have we learned

from experience with cap and trade?,” Oxford Review of Economic Policy, vol. 33, no. 4, pp.

572–588, Nov. 2017, doi: 10.1093/oxrep/grx040.



Literature 

77 

[112] Reuters, “China sets low bar for firms in new carbon market expansion plan,” Sep. 11, 2024.

[Online]. Available: https://www.reuters.com/sustainability/climate-energy/china-sets-low-

bar-firms-new-carbon-market-expansion-plan-2024-09-10/

[113] J. van den Bergh, C. van Beers, and L. C. King, “Prioritize carbon pricing over fossil-fuel subsidy

reform,” iScience, vol. 27, no. 1, Jan. 2024, doi: 10.1016/j.isci.2023.108584.

[114] O. Schenker, S. Koesler, and A. Löschel, “On the effects of unilateral environmental policy on

offshoring in multi‐stage production processes,” Canadian J of Economics, vol. 51, no. 4, pp.

1221–1256, Nov. 2018, doi: 10.1111/caje.12354.

[115] F. Bierbrauer, G. Felbermayr, A. Ockenfels, K. M. Schmidt, and J. Südekum, “A CO2-border

adjustment mechanism as a building block of a climate club,” Kiel Institute for the World

Economy (IfW), Kiel Policy Brief 151, 2021. [Online]. Available:

https://www.econstor.eu/bitstream/10419/232523/1/1752576446.pdf

[116] S. Dröge, “Ein CO2-Grenzausgleich für den Green Deal der EU: Funktionen, Fakten und

Fallstricke,” Stiftung Wissenschaft und Politik, 2021. [Online]. Available: https://www.swp-

berlin.org/10.18449/2021S09/

[117] N. Garnadt, V. Grimm, and W. H. Reuter, “Carbon Adjustment Mechanisms: Empirics, Design and

Caveats,” Dec. 22, 2021, 3991685. doi: 10.2139/ssrn.3991685.

[118] German Council of Economic Experts (GCEE), “The Inflation Reduction Act: Is the new U.S.

industrial policy a threat to Europe?,” Wiesbaden, Policy Brief 1/2023, 2023. [Online]. Available:

https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/PolicyBrief/Policy_Brief_2023_01_ENG.pdf

[119] Intergovernmental Panel On Climate Change (IPCC), Ed., “Energy Systems,” in Climate Change

2022 - Mitigation of Climate Change, 1st ed., Cambridge University Press, 2023, pp. 613–746.

doi: 10.1017/9781009157926.008.

[120] European Commission, “An EU Strategy on Standardisation Setting global standards in support

of a resilient, green and digital EU single market,” 2022. [Online]. Available:

https://ec.europa.eu/docsroom/documents/48598

[121] Expert Commission on the Energy of the Future Monitoring Process, “Statement on the

electricity market design and its further development options,” in German languague, 2023.

[Online]. Available: https://www.wirtschaftstheorie.rw.fau.de/files/2023/03/Stellungnahme-

zum-Strommarktdesign-und-dessen-Weiterentwicklungsmoeglichkeiten.pdf

[122] National Hydrogen Council (NWR), “The role and necessary design of the certification criteria to

ensure a fast and effective ramp-up of the hydro- gen economy,” 2022. [Online]. Available:

https://www.wasserstoffrat.de/fileadmin/wasserstoffrat/media/Dokumente/EN/2023/2022-

12-09_NWR_Statement_Certification-criteria.pdf

[123] K. Blind, A. Jungmittag, and A. Mangelsdorf, Der gesamtwirtschaftliche Nutzen der Normung:

eine Aktualisierung der DIN-Studie aus dem Jahr 2000, 1. Aufl. Berlin: Beuth, 2011.

[124] NOW, “Die deutsche H₂-RCS-Roadmap 2025: RCS-Regulations, Codes & Standards Regelwerke,

Durchführungsbestimmungen & Normen im Bereich Wasserstoff (H₂),” 2020. [Online]. Available:

https://www.now-gmbh.de/wp-content/uploads/2020/09/now_deutsche-h2-rcs-roadmap.pdf

[125] O. Edenhofer, J. Edenhofer, M. Kalkuhl, and C. Kilimann, “Chancen der Klimapolitik in Zeiten

geopolitischer Spannungen,” AMOS International, vol. 17, no. 4, 2023, Accessed: Oct. 08, 2024.

[Online]. Available: https://www.amosinternational.de/user/pages/02.magazine/issue-2023-

4/amos_23-4S27-16%20O.Edenhofer,%20J.%20Edenhofer,%20Kalkuhl%20u.%20Killimann.pdf?g-

df11e4e5-



Literature 

78 

[126] Mercator Research Institute on Global Commons and Climate Change (MCC), “Closing the deal

on the end of coal,” Berlin, MCC Policy Brief 4, 2018. [Online]. Available: https://www.mcc-

berlin.net/fileadmin/data/C18_MCC_Publications/MCC_Policy_Brief_Coal_EN.pdf

[127] C. Nedopil, M. Yue, and U. Volz, “Global Practices for Financing of Early Coal Retirement for

Accelerated Green Energy Transition,” Green Finance & Development Center at FISF Fudan

University Shanghai, SOAS University of London, 2022. [Online]. Available:

https://www.soas.ac.uk/sites/default/files/2023-

02/Global%20Practices%20for%20Successful%20Financing%20of%20Early%20Coal%20Retirement

%20for%20Accelerated%20Green%20Energy%20Transition.pdf

[128] A. Jindal, G. Shrimali, B. Gangwani, and R. B. Lall, “Financing just energy transitions in Southeast

Asia: Application of the Just Transition Transaction to Indonesia, Vietnam, and Philippines,”

Energy for Sustainable Development, vol. 81, p. 101472, Aug. 2024, doi:

10.1016/j.esd.2024.101472.

[129] A. Löschel, J. Pei, R. Wang, B. Sturm, W. Buchholz, and Z. Zhao, “The Demand for Global and

Local Environmental Protection: Experimental Evidence from Climate Change Mitigation in

Beijing,” Land Economics, vol. 97, no. 1, pp. 137–154, Feb. 2021, doi:

10.3368/le.97.1.061219-0076R1.

[130] F. Bauer et al., “The Market Ramp-Up of Renewable Hydrogen and its Derivatives - the Role of

H2Global,” 2023. [Online]. Available:

https://www.wirtschaftstheorie.rw.fau.de/files/2023/06/The-Market-Ramp-Up-of-Renewable-

Hydrogen-and-its-Derivatives-the-Role-of-H2Global.pdf

[131] Monopolkommission, “Energy 2015: A competitive market design for the Energiewende,”

Sondergutachten der Monopolkommission gemäß § 62 Abs. 1 EnWG - in German languague,

2015. [Online]. Available: http://www.nomos-

elibrary.de/index.php?doi=10.5771/9783845273358-30

[132] Energiewirtschaftliches Institut an der Universität zu Köln (EWI), “An embargo of russian gas and

security of supply in Europe,” 2014. [Online]. Available: https://www.ewi.uni-koeln.de/cms/wp-

content/uploads/2015/12/2014-

09__An_Embargo_of_Russian_Gas_and_Security_of_Supply_in_Europe_0610.pdf

[133] B. Breitschopf et al., “Importing hydrogen and hydrogen derivatives: Export countries,” HYPAT

Working Paper 02/2022, 2022. [Online]. Available: https://hypat.de/hypat-

wAssets/docs/new/publications/HyPat_Working_Paper_02_2022_AP_2-1_ENG_FINAL.pdf

[134] F. Staiß et al., “Options for importing green hydrogen into Germany by 2030: Transportation

routes, country assessments and implementation requirements,” Leopoldina, acatech,

Akademieunion, Munich, Series on “Energy Systems of the Future” (ESYS), 2022. [Online].

Available: https://en.acatech.de/publication/hydrogen/

[135] K. Fletcher et al., “Germany’s Foreign Direct Investment in Times of Geopolitical Fragmentation,”

International Monetary Fund, 2024. [Online]. Available:

https://www.imf.org/en/Publications/WP/Issues/2024/06/28/Germanys-Foreign-Direct-

Investment-in-Times-of-Geopolitical-Fragmentation-550809

[136] German Trade & Invest (GTAI), “Welche Länder sind Teil der neuen Seidenstraße?” Accessed: Sep.

05, 2024. [Online]. Available: https://www.gtai.de/de/trade/china/specials/welche-laender-

sind-teil-der-neuen-seidenstrasse--624812

[137] Stockholm International Peace Research Institute (SIPRI), “SIPRI Arms Transfers Database.” 2023.

Accessed: Sep. 05, 2024. [Online]. Available: https://www.sipri.org/databases/armstransfers



Literature 

79 

[138] M. O. Jackson and S. Nei, “Networks of military alliances, wars, and international trade,” Proc. 

Natl. Acad. Sci. U.S.A., vol. 112, no. 50, pp. 15277–15284, Dec. 2015, doi: 

10.1073/pnas.1520970112. 

[139] H. Farrell and A. L. Newman, “Weaponized Interdependence: How Global Economic Networks 

Shape State Coercion,” International Security, vol. 44, no. 1, pp. 42–79, Jul. 2019, doi: 

10.1162/isec_a_00351. 

[140] H. Farrell and A. Newman, “The New Economic Security State,” Foreign Affairs, vol. 102, no. 6, 

Oct. 19, 2023. Accessed: Oct. 08, 2024. [Online]. Available: 

https://www.foreignaffairs.com/united-states/economic-security-state-farrell-newman 

[141] H. Farrell and A. Newman, Underground empire: How America weaponized the world economy. 

London: Allen Lane, 2023. 

[142] V. Grimm, C. Schmucker, and G. B. Wolff, “Mercosur-Abkommen - Mehr Handel wagen,” Cicero, 

Aug. 15, 2023. [Online]. Available: https://www.cicero.de/wirtschaft/mercosur-abkommen-

mehr-handel-wagen 

[143] Handelsblatt, “Freihandel: Woran das Handelsabkommen Ceta nun doch scheitern könnte,” Apr. 

08, 2024. [Online]. Available: https://www.handelsblatt.com/politik/international/freihandel-

woran-das-handelsabkommen-ceta-nun-doch-scheitern-koennte/100027899.html 

[144] Süddeutsche, “EU-Handelsabkommen mit Australien gescheitert: Was eine entscheidende Rolle 

spielte,” Oct. 30, 2023. [Online]. Available: https://www.sueddeutsche.de/wirtschaft/eu-

australien-handelsabkommen-scheitern-gruende-1.6295899 

[145] V. Grimm and C. Von Rüden, “Die Krise bekämpfen, das Wirtschaftsmodell neu justieren,” 

Wirtschaftsdienst, vol. 102, no. 12, pp. 922–928, Jan. 2023, doi: 10.1007/s10273-022-3338-

6. 

[146] Bundesnetzagentur (BNetzA) and Bundeskartellamt (BKartA), “Monitoringbericht 2023,” 

Monitoringbericht gemäß § 63 Abs. 3 i. V. m. § 35 EnWG und § 48 Abs. 3 i. V. m. § 53 Abs. 3 

GWB, 2023. [Online]. Available: 

https://data.bundesnetzagentur.de/Bundesnetzagentur/SharedDocs/Mediathek/Monitoringberi

chte/MonitoringberichtEnergie2023.pdf 

[147] Bundesnetzagentur (BNetzA), “Bericht zum Zustand und Ausbau der Verteilernetze 2022,” 

Berichte der Verteilernetzbetreiber gem. § 14 Abs. 2 i. V. m. §14 d EnWG, 2023. [Online]. 

Available: 

https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unterneh

men_Institutionen/NetzentwicklungUndSmartGrid/ZustandAusbauVerteilernetze2022.pdf?__blo

b=publicationFile&v=1. 

[148] Deutsche-Energie-Agentur GmbH (dena), “dena pilot study Towards Climate Neutrality,” in 

German languague, 2021. [Online]. Available: https://www.dena.de/infocenter/dena-leitstudie-

aufbruch-klimaneutralitaet-1/ 

[149] Fraunhofer ISI, consentec, ifeu, and TU Berlin, “Long-term Scenarios - Scenario Explorer 

Electricity grids.” Accessed: Oct. 10, 2024. [Online]. Available: 

https://langfristszenarien.de/enertile-explorer-en/scenario-explorer/electricity-networks.php 

[150] ef.Ruhr and Energiewirtschaftliches Institut an der Universität zu Köln (EWI), “Abschätzung der 

Netzausbaukosten und die resultierenden Netzentgelte für Baden-Württemberg und 

Deutschland zum Jahr 2045,” 2024. [Online]. Available: https://www.ewi.uni-koeln.de/cms/wp-

content/uploads/2024/04/2024_04_Abschlussbericht_Netzentgelte_BW_DE.pdf 



Literature 

 

80 

[151] FNB Gas, “Gemeinsamer Antrag für das Wasserstoff-Kernnetz,” 2024. [Online]. Available: 

https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unterneh

men_Institutionen/Wasserstoff/Antrag_FNB.pdf?__blob=publicationFile&v=3 

[152] German Council of Economic Experts (GCEE), “Freight transport between infrastructure 

requirements and decarbonisation,” in Spring Report 2024, Wiesbaden, 2024. [Online]. 

Available: https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/fg2024/FG2024_Chapter_2.pdf 

[153] A. Ockenfels, “Optionen und Herausforderungen für ein neues Strommarktdesign in der Krise,” 

Wirtschaftsdienst, vol. 102, no. 10, pp. 766–769, Oct. 2022, doi: 10.1007/s10273-022-3288-

z. 

[154] C. Maurer, I. Schlecht, and L. Hirth, “The Greek market design proposal would be the end of 

electricity markets as we know them,” euractiv, Jul. 28, 2022. [Online]. Available: 

https://www.euractiv.com/section/electricity/opinion/the-greek-market-design-proposal-

would-be-the-end-of-electricity-markets-as-we-know-them/ 

[155] V. Grimm and A. Ockenfels, “Ist der Strommarkt noch zu retten?,” FAZ, Oct. 09, 2024. [Online]. 

Available: https://www.faz.net/aktuell/wirtschaft/mehr-wirtschaft/ist-der-strommarkt-noch-

zu-retten-110033889.html 

[156] M. Bichler et al., “Der deutsche Strommarkt braucht lokale Preise,” FAZ, Jul. 10, 2024. [Online]. 

Available: https://www.faz.net/aktuell/wirtschaft/klima-nachhaltigkeit/der-deutsche-

strommarkt-braucht-lokale-preise-19845012.html 

[157] J. Haucap et al., “Electricity Market Design 2030: Effective and Efficient Funding of Renewable 

Energy (Impulse),” Leopoldina, acatech, Akademieunion, Series on “Energy Systems of the 

Future” (ESYS), 2022. [Online]. Available: https://en.acatech.de/publication/electricity-market-

design-2030-effective-and-efficient-funding-of-renewable-energy/ 

[158] V. Grimm, B. Rückel, C. Sölch, and G. Zöttl, “Regionally differentiated network fees to affect 

incentives for generation investment,” Energy, vol. 177, pp. 487–502, Jun. 2019, doi: 

10.1016/j.energy.2019.04.035. 

[159] V. Grimm, B. Rückel, C. Sölch, and G. Zöttl, “The impact of market design on transmission and 

generation investment in electricity markets,” Energy Economics, vol. 93, p. 104934, Jan. 2021, 

doi: 10.1016/j.eneco.2020.104934. 

[160] M. Ambrosius, V. Grimm, T. Kleinert, F. Liers, M. Schmidt, and G. Zöttl, “Endogenous price zones 

and investment incentives in electricity markets: An application of multilevel optimization with 

graph partitioning,” Energy Economics, vol. 92, p. 104879, Oct. 2020, doi: 

10.1016/j.eneco.2020.104879. 

[161] Deutscher Bundestag, “Regierung zur Umsetzungsstand der Kraftwerksstrategie.” Accessed: Oct. 

20, 2024. [Online]. Available: https://www.bundestag.de/presse/hib/kurzmeldungen-1009174 

[162] A. Eicke, L. Hirth, and J. Mühlenpfordt, “Mehrwert dezentraler Flexibilität,” Im Auftrag des 

Verbands der Elektro- und Digitalindustrie (ZVEI e.V.), 2024. [Online]. Available: 

https://neon.energy/Neon-Mehrwert-Flex.pdf 

[163] National Hydrogen Council (NWR), “Hydrogen ramp-up in danger – immediate measures 

urgently needed,” 2024. [Online]. Available: 

https://www.wasserstoffrat.de/fileadmin/wasserstoffrat/media/Dokumente/EN/2024/2024-

06-21_NWR-Statement_H2_ramp-up_in_danger.pdf 

[164] J. Kopp, M. Moritz, H. Scharf, and J. Schmidt, “Strukturwandel in der Gaswirtschaft – Was 

bedeutet die Entwicklung der Gas- und Wasserstoffnachfrage für die zukünftige Infrastruktur?: 



Literature 

81 

Eine Metaanalyse bestehender Energiesystemstudien,” Z Energiewirtsch, Dec. 2022, doi: 

10.1007/s12398-022-00335-2. 

[165] 50Hertz Transmission, Amprion, Tennet TSO, and TransnetBW, “Szenariorahmen zum 

Netzentwicklungsplan Strom 2037/2045, Version 2025,” 2024. [Online]. Available: 

https://www.netzentwicklungsplan.de/sites/default/files/2024-

07/Szenariorahmenentwurf_NEP2037_2025_1.pdf 

[166] Fraunhofer IEE, “The limitations of hydrogen blending in the european gas grid,” 2022. [Online]. 

Available: 

https://www.researchgate.net/publication/358187483_THE_LIMITATIONS_OF_HYDROGEN_BLEN

DING_IN_THE_EUROPEAN_GAS_GRID_A_study_on_the_use_limitations_and_cost_of_hydrogen_ble

nding_in_the_European_gas_grid_at_the_transport_and_distribution_level 

[167] ifeu, “Analyse der Treibhausgasintensitäten von LNG-Importen nach Deutschland,” Berlin, Studie 

im Auftrag der Wissenschaftsplattform Klimaschutz, 2023. [Online]. Available: 

https://www.ifeu.de/fileadmin/uploads/Publikationen/Ressourcen/WPKS-Studie-

CO2Bilanz_Analyse_der_Treibhausgasintensit%C3%A4ten_LNG.pdf 

[168] B. Shirizadeh et al., “The impact of methane leakage on the role of natural gas in the European 

energy transition,” Nat Commun, vol. 14, no. 1, p. 5756, Sep. 2023, doi: 10.1038/s41467-023-

41527-9. 

[169] Leopoldina, “Schlüsselelemente des Kohlenstoffmanagements,” Ad-hoc-Stellungnahme, 2024. 

[Online]. Available: 

https://www.leopoldina.org/fileadmin/redaktion/Publikationen/Nationale_Empfehlungen/2024

_Leopoldina_Ad-hoc-Stellungnahme_Kohlenstoffmanagement.pdf 

[170] J. Pfeiffer et al., “An Integrated Approach to Carbon Management: Requirements of an Overall 

Strategy Combining CCS, CCU and CDR,” Leopoldina, acatech, Akademieunion, Series on “Energy 

Systems of the Future” (ESYS), 2024. [Online]. Available: https://energiesysteme-

zukunft.de/fileadmin/user_upload/Publikationen/PDFs/ESYS_Impuls_Carbon_management_strat

egy_EN.pdf 

[171] The Federal Government, “Key principles of the Federal Government for a Carbon Management 

Strategy,” 2024. [Online]. Available: 

https://www.bmwk.de/Redaktion/EN/Downloads/E/240226-eckpunkte-cms-

en.pdf?__blob=publicationFile&v=2 

[172] Projektgruppe Gemeinschaftsdiagnose, “Gemeinschaftsdiagnose 2-2024,” DIW Berlin, ifo 

Institut, Kiel Institut für Weltwirtschaft, Leibniz-Institut für Wirtschaftsforschung Halle, RWI - 

Leibniz Institut für Wirtschaftsforschung, 2024. [Online]. Available: 

https://gemeinschaftsdiagnose.de/wp-

content/uploads/2024/09/IfW_Kiel_GD_2_2024_unkorrigiert.pdf 

[173] German Council of Economic Experts (GCEE), Spring Report 2024. Wiesbaden, 2024. [Online]. 

Available: https://www.sachverstaendigenrat-wirtschaft.de/en/spring-report-2024.html 

[174] V. Grimm, T. Kroeger, and C. Ochsner, “Wege aus der Wachstumsschwäche,” Wirtschaftsdienst, 

vol. 2024, no. 3, pp. 180–186, 2024. 

[175] German Council of Economic Experts (GCEE), “Strengthening potential growth through capital 

formation,” in Overcoming sluggish growth – Investing in the future, in Annual Report 2023/24. 

, Wiesbaden, 2023. [Online]. Available: https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/jg202324/JG202324_Chapter_2.pdf 

[176] L. Wößmann, “Efficiency and equity of European education and training policies,” Int Tax Public 

Finance, vol. 15, no. 2, pp. 199–230, Apr. 2008, doi: 10.1007/s10797-008-9064-1. 



Literature 

 

82 

[177] M. Schlotter and L. Wößmann, “Frühkindliche Bildung und spätere kognitive und nichtkognitive 

Fähigkeiten: Deutsche und internationale Evidenz,” Vierteljahrshefte zur Wirtschaftsforschung, 

vol. 79, no. 3, pp. 99–120, 2010, doi: 10.3790/vjh.79.3.99. 

[178] C. K. Spieß, “Und täglich grüßt das Murmeltier: Die frühe Bildung muss endlich stärker in den 

Fokus rücken!,” Wirtschaftsdienst, vol. 2023, no. 4, pp. 238–241, 2023. 

[179] German Council of Economic Experts (GCEE), “Securing skilled labour: Options for action in 

continuing education and labour migration,” in Managing the energy crisis in solidarity and 

shaping the new reality, in Annual Report 2022/23. , Wiesbaden, 2022. [Online]. Available: 

https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/jg202223/JG202223_Chapter_6.pdf 

[180] German Council of Economic Experts (GCEE), Dealing with Structural Change. in Annual Report 

2019/20. Wiesbaden, 2019. [Online]. Available: https://www.sachverstaendigenrat-

wirtschaft.de/en/annualreport-2019.html 

[181] C. Fuest, “Why a Reform of the German Corporate Tax System Is Urgently Needed,” ifo 

Viewpoint, no. 245, 2023, [Online]. Available: https://www.ifo.de/en/publications/2023/ifo-

viewpoint/why-reform-german-corporate-tax-system-urgently-needed 

[182] L. P. Feld, C. Fuest, J. Haucap, H. Schweitzer, V. Wieland, and B. U. Wigger, “Wirtschafts- und 

Industriestandort Deutschland in Gefahr? Was zu tun ist und was man unterlassen sollte,” 

Stiftung Marktwirtschaft, Berlin, Kronberger Kreis, 2023. [Online]. Available: 

https://www.stiftung-marktwirtschaft.de/fileadmin/user_upload/KK-Studien/KK-Studie-

71_2023_11_09_web.pdf 

[183] German Council of Economic Experts (GCEE), “Taking advantage of capital markets in Germany 

and the EU,” in Overcoming sluggish growth – Investing in the future, in Annual Report 

2023/24. , Wiesbaden, 2023. [Online]. Available: https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/jg202324/JG202324_Chapter_3.pdf 

[184] G. Felbermayr and M. Braml, Der Freihandel hat fertig: Wie die neue Welt(un)ordnung unseren 

Wohlstand gefährdet, 1. Auflage. Wien: Amalthea Signum, 2024. 

[185] Germany Trade & Invest (GTAI), “Investitionen in lokale Produktion von Fotovoltaik steigen.” 

Accessed: Oct. 18, 2024. [Online]. Available: 

https://www.gtai.de/de/trade/indien/branchen/investitionen-in-lokale-produktion-von-

fotovoltaik-steigen-736576 

[186] heise online, “Wie Indien aus eigener Kraft eine Solar-Industrie aufbauen will.” Accessed: Oct. 

18, 2024. [Online]. Available: https://www.heise.de/hintergrund/Wie-Indien-aus-eigener-

Kraft-eine-Solar-Industrie-aufbauen-will-8991218.html 

[187] IWR, “Milliarden-Investitionen: Solarkonzern First Solar steigert Produktionskapazität in den USA 

auf 11.000 MW jährlich.” Accessed: Oct. 18, 2024. [Online]. Available: 

https://www.iwr.de/news.php?id=38848 

[188] European Commission, Regulation (EU) 2020/852 of the European Parliament and of the Council 

of 18 June 2020 on the establishment of a framework to facilitate sustainable investment, and 

amending Regulation (EU) 2019/2088 (Text with EEA relevance), vol. 198. 2020. Accessed: Oct. 

15, 2024. [Online]. Available: https://eur-lex.europa.eu/eli/reg/2020/852/oj 

[189] European Commission, Commission Delegated Regulation (EU) 2023/2486 of 27 June 2023 

supplementing Regulation (EU) 2020/852 of the European Parliament and of the Council by 

establishing the technical screening criteria for determining the conditions under which an 

economic activity qualifies as contributing substantially to the sustainable use and protection of 

water and marine resources, to the transition to a circular economy, to pollution prevention and 



Literature 

83 

control, or to the protection and restoration of biodiversity and ecosystems and for determining 

whether that economic activity causes no significant harm to any of the other environmental 

objectives and amending Commission Delegated Regulation (EU) 2021/2178 as regards specific 

public disclosures for those economic activities. 2023. Accessed: Oct. 15, 2024. [Online]. 

Available: http://data.europa.eu/eli/reg_del/2023/2486/oj/eng 

[190] European Commission, Commission Delegated Regulation (EU) 2023/2485 of 27 June 2023 

amending Delegated Regulation (EU) 2021/2139 establishing additional technical screening 

criteria for determining the conditions under which certain economic activities qualify as 

contributing substantially to climate change mitigation or climate change adaptation and for 

determining whether those activities cause no significant harm to any of the other 

environmental objectives. 2023. Accessed: Oct. 15, 2024. [Online]. Available: 

http://data.europa.eu/eli/reg_del/2023/2485/oj/eng 

[191] European Commission, Commission Delegated Regulation (EU) 2021/2139 of 4 June 2021 

supplementing Regulation (EU) 2020/852 of the European Parliament and of the Council by 

establishing the technical screening criteria for determining the conditions under which an 

economic activity qualifies as contributing substantially to climate change mitigation or climate 

change adaptation and for determining whether that economic activity causes no significant 

harm to any of the other environmental objectives (Text with EEA relevance), vol. 442. 2021. 

Accessed: Oct. 15, 2024. [Online]. Available: 

http://data.europa.eu/eli/reg_del/2021/2139/oj/eng 

[192] European Commission, Commission Staff Working Document Accompanying the document 

Commission Delegated Regulation (EU) supplementing Regulation (EU) 2020/852 of the 

European Parliament and of the Council by establishing the technical screening criteria for 

determining the conditions under which an economic activity qualifies as contributing 

substantially to the sustainable use and protection of water and marine resources, to the 

transition to a circular economy, to pollution prevention and control or to the protection and 

restoration of biodiversity and ecosystems and for determining whether that economic activity 

causes no significant harm to any of the other environmental objectives and amending 

Delegated Regulation (EU) 2021/2178 as regards specific public disclosures for those economic 

activities and the Commission Delegated Regulation (EU) amending Delegated Regulation (EU) 

2021/2139 by establishing additional technical screening criteria for determining the 

conditions under which certain economic activities qualify as contributing substantially to 

climate change mitigation or climate change adaptation and for determining whether those 

activities cause no significant harm to any of the other environmental objectives. 2023. 

Accessed: Oct. 16, 2024. [Online]. Available: https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:52023SC0239 

[193] euractiv, “EU-Taxonomie: Atomkraft und Gas sollen offiziell ‘grün’ werden,” Feb. 03, 2022. 

[Online]. Available: https://www.euractiv.de/section/energie-und-umwelt/news/eu-

taxonomie-atomkraft-und-gas-sollen-offiziell-gruen-werden/ 

[194] Handelsblatt, “Europaparlament beschließt Ökosiegel für Gas und Atomkraft – Erleichterung in 

Energiebranche,” Jul. 06, 2022. [Online]. Available: 

https://www.handelsblatt.com/politik/international/eu-taxonomie-europaparlament-

beschliesst-oekosiegel-fuer-gas-und-atomkraft-erleichterung-in-

energiebranche/28483670.html 

[195] Handelsblatt, “Soziale Taxonomie: Rüstungsindustrie fürchtet um ihre Zukunft,” Feb. 10, 2022. 

[Online]. Available: https://www.handelsblatt.com/politik/international/finanzierungsregeln-

subjektive-vorstellungen-von-sozialer-gerechtigkeit-eu-kommission-plant-nun-auch-soziale-

taxonomie/28054210.html 



Literature 

84 

[196] Table.Media, “Green Deal: Was die EU zur sozialen Taxonomie plant,” May 28, 2024. [Online]. 
Available: https://table.media/esg/analyse/green-deal-was-die-eu-zur-sozialen-taxonomie-plant/

[197] Sustainable Banking and Finance Network (SBFN), “SBFN-Toolkit: Sustainable Finance Taxonomies,” 
2024. [Online]. Available: https://www.sbfnetwork.org/wp-
content/uploads/2024/10/SBFN-Toolkit_Sustainable-Finance-Taxonomies.pdf

[198] V. Grimm, C. Groß, T. Marxsen, and M. Schwarz, “Folgen der Energiekrise: Wie viel Haushalte für 
Heizung/Warmwasser und Strom zahlen,” Sachverständigenrat für Verbraucherfragen (SVRV), Berlin, 
Veröffentlichungen des Sachverständigenrats für Verbraucherfragen, 2023. [Online]. Available: 
https://svr-verbraucherfragen.de/publication/SVRV-Policy-Brief-Folgen-der-Energiekrise.pdf

[199] V. Grimm, C. Groß, T. Marxsen, and M. Schwarz, “Energiekrise belastet Haushalte,” Wirtschaftsdienst, 
vol. 2023, no. 11, pp. 754–761, 2023.

[200] German Council of Economic Experts (GCEE), “Climate protection as an industrial policy opportunity,” 
in Overcoming the Coronavirus Crisis Together; Strengthening Resilience and Growth, in Annual 
Report 2020/21. , Wiesbaden, 2020. [Online]. Available:
https://www.sachverstaendigenrat-
wirtschaft.de/fileadmin/dateiablage/gutachten/jg202021/JG202021_Chapter_4.pdf

[201] C. Groß, V. Grimm, and G. G. Wagner, “Eine faire CO2-Bepreisung macht es Verbraucher*innen leicht, 
sich klimafreundlich zu entscheiden,” Sachverständigenrat für Verbraucherfragen (SVRV), Berlin, 
Veröffentlichungen des Sachverständigenrats für Verbraucherfragen, 2022. [Online]. Available: 
https://www.wirtschaftstheorie.rw.fau.de/files/2023/10/2022_SVRV_PB_CO2-Bepreisung.pdf

[202] B. Knopf and N. Illenseer, “Die Finanzierung der Transformation: Klimafonds, Klimageld und 
Kernhaushalt,” Mercator Research Institute on Global Commons and Climate Change (MCC) gGmbH, 
2023. [Online]. Available: https://www.mcc-
berlin.net/fileadmin/data/C18_MCC_Publications/2023_MCC_Die_Finanzierung_der_Transforma 
tion.pdf

[203] V. Grimm, C. Groß, and L. Specht-Riemenschneider, “Haushaltskrise: Wo bitte bleibt das Klimageld?,” 
Süddeutsche.de, Dec. 18, 2023. [Online]. Available:
https://www.sueddeutsche.de/wirtschaft/bundeshaushalt-klimageld-veronika-grimm-1.6321295

[204] Bundesnetzagentur (BNetzA), “Networks. Efficient. Secure. Transforming.,” Key elements paper, 2024. 
[Online]. Available:
https://www.bundesnetzagentur.de/EN/RulingChambers/GBK/KeyElementsPaper.pdf?__blob=p 
ublicationFile&v=4

[205] O. Ruhnau and J. Schiele, “Flexible green hydrogen: The effect of relaxing simultaneity requirements 
on project design, economics, and power sector emissions,” Energy Policy, vol. 182, p. 113763, Nov. 
2023, doi: 10.1016/j.enpol.2023.113763.

[206] Umweltbundesamt, “Umweltschädliche Subventionen in Deutschland: Aktualisierte Ausgabe 2021,” 
2021. [Online]. Available:
https://stories.umweltbundesamt.de/system/files/document/143-
2021_umweltschaedliche_subventionen_0.pdf

[207] United Nations, “Convention on Access to Information, Public Participation in Decision-making and 
Access to Justice in Environmental Matters (Aarhus Convention),” Aarhus, 1998. [Online]. Available: 
https://unece.org/DAM/env/pp/documents/cep43e.pdf 



Literature 

85 

[208] Directive 2003/35/EC of the European Parliament and of the Council of 26 May 2003 providing

for public participation in respect of the drawing up of certain plans and programmes relating

to the environment and amending with regard to public participation and access to justice

Council Directives 85/337/EEC and 96/61/EC - Statement by the Commission, vol. 156. 2003.

Accessed: Oct. 15, 2024. [Online]. Available: http://data.europa.eu/eli/dir/2003/35/oj/eng

[209] Directive 2003/4/EC of the European Parliament and of the Council of 28 January 2003 on

public access to environmental information and repealing Council Directive 90/313/EEC, vol.

041. 2003. Accessed: Oct. 15, 2024. [Online]. Available:

http://data.europa.eu/eli/dir/2003/4/oj/eng 

[210] “Reduce the risk of poverty, strengthen employment incentives: Reforms in the tax-transfer

system,” in Overcoming sluggish growth – Investing in the future, in Annual Report 2023/24. ,

Wiesbaden, 2023. [Online]. Available: https://www.sachverstaendigenrat-

wirtschaft.de/fileadmin/dateiablage/gutachten/jg202324/JG202324_Chapter_4.pdf



The Authors 

 

86 

The Authors 

 
 
Prof. Dr. Veronika Grimm 

Veronika Grimm is a professor at University of Technology Nuremberg (UTN), where she heads the 

Energy Systems and Market Design Lab. Since 2020, Veronika Grimm has been a member of the 

German Council of Economic Experts (GCEE). She is also active in numerous committees and advisory 

boards, including the German National Hydrogen Council, the Expert Commission on Energy Transition 

Monitoring at the Federal Ministry for Economic Affairs and Climate Protection (BMWK). Veronika is a 

member of the supervisory board of Siemens Energy AG and chair of Zentrum Wasserstoff.Bayern 

(H2.B). Veronika's research focuses on energy markets and energy market modeling, behavioral 

economics, social networks, auctions and market design. 

 

 

Dr. Christian Sölch 

Christian Sölch is a post-doctoral researcher at the Energy Systems and Market Design Lab of 

University of Technology Nuremberg (UTN). He has a long record in energy research and has been 

collaborator of Veronika Grimm in the Expert Commission on Energy Transition Monitoring since 2019. 

Prior to joining UTN in 2024, Christian completed his doctorate at the Chair of Economic Theory at 

Friedrich-Alexander-University (FAU) Erlangen-Nuremberg in 2019, where he thereafter was head of 

the research area “Energy Market Design and Policy”. Christian studied Business Mathematics at FAU 

Erlangen-Nuremberg and Universidad Técnica Federico Santa María in Valparaìso, Chile. 

 

 

Johannes Wirth 

Johannes Wirth was a research associate at the Chair of economic theory at FAU Erlangen-Nuremberg 

from May 2023 to February 2024 in the research area Energy Markets and Sector Coupling. Since March 

2024, he has been part of the Energy Systems and Market Design lab at University of Technology 

Nuremberg (UTN). His research interests include regional and global hydrogen markets as well as 

sector coupling of hydrogen and electricity systems and markets. He studied industrial engineering at 

FAU Erlangen-Nuremberg. 

 



Study commissioned by the Konrad-Adenauer-Stiftung  
November 2024
The opinions expressed in this publication are those of the authors. 

Contact
Dr. Sarah Al Doyaili-Wangler
Konrad-Adenauer-Stiftung e. V.
Klingelhöferstraße 23, 10785 Berlin, Germany
E-Mail: sarah.al.doyaili-wangler@kas.de

Prof. Dr. Veronika Grimm 
Energy Systems and Market Design Lab 
University of Technology Nuremberg (UTN) 
Dr.-Luise-Herzberg-Straße 4, 90461 Nuremberg, Germany 
Phonen: +49 911 9274-1620, 
E-mail: market-design@utn.de

Acknowledgements
The authors would like to thank Benedikt Höhner for his excellent support in preparing the study.

The authors would like to thank Dr. Martin Braml, Prof. Dr. Ottmar Edenhofer, Dr. Jonas Egerer,  
Prof. Dr. Dr. h.c. Lars P. Feld, Dr. Jan Gniza, Katrin Harig, Lukas Lang, Prof. Dr. Andreas Löschel,  
Dr. Christian Ochsner, Prof. Dr. Axel Ockenfels, Prof. Dr. Lars-Hendrik Röller, Timo Schneider,  
Dennis Strempler, Prof. Dr. Gregor Zöttl and Dr. Christopher Zuber

The authors are solely responsible for any inaccuracies or omissions.

Published by: Konrad-Adenauer-Stiftung e. V., 2024, Berlin, Germany

Design and typesetting: KALUZA+SCHMID Studio GmbH, Berlin, Germany 
 
This publication was published with financial support of the Federal Republic of Germany.

This publication of the der Konrad-Adenauer-Stiftung e. V. is solely intended for information purposes. 
It may not be used by political parties or by election campaigners or supporters for the purpose of 
 election advertising. This applies to federal, state and local elections as well as elections to the European 
Parliament. 

The text of this publication is published under a Creative Commons license: “Creative Commons 
 Attribution-Share Alike 4.0 international” (CC BY-SA 4.0), https://creativecommons.org/licenses/by-sa/4.0/
legalcode.

ISBN: 978-3-98574-269-1






