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With Germany and Europe aiming for climate neutrality, 
German industry needs to undergo a structural transfor-
mation to become climate-neutral by 2050. Climate action 
scenarios demonstrate that the transformation is techni-
cally possible. Key building blocks include improved  
energy efficiency, developing the circular economy, elec-
trification on the basis of renewable energy, the use of bio-
mass and green hydrogen, as well as carbon capture, 
storage and utilisation. But the challenges on the road to 
achieving climate neutrality are significant. Basic materials 
industries such as steel and chemicals in particular need 
fundamental changes to production processes which  
require high investment. Many key decarbonisation tech-
nologies have to be scaled to industrial levels first.  
Besides, the green transformation of industry needs large 
additional quantities of electricity from renewables as well 
as climate-neutral hydrogen. The necessary infrastructure 
needs to be created at an early stage. 

High sums need to be reinvested in greenhouse gas- 
intensive basic industries by 2030. It is important to take 
advantage of this window of opportunity to advance the 
necessary structural transition to climate neutrality. As 
many key technologies for the decarbonisation of industry 
currently incur significant cost disadvantages compared 
with conventional fossil technologies, a political framework 
and economic incentives need to be set for their market 
penetration. In addition to continuous promotion of innova-
tion and investment, a reliable and predictably rising CO2 
price signal is essential. Effective protection from carbon 
leakage, particularly for energy-intensive businesses com-
peting internationally, is vital to ensure acceptance of the 
transformation. 

At the same time, the environmentally sound transfor-
mation of the economy provides considerable opportuni-
ties for future value creation and employment. This applies 
particularly to the export of climate-friendly technologies, 
as increasingly more industrialised countries are joining 
Europe in committing to climate neutrality. As the world’s 
second largest exporter of climate-smart goods after 
China, Germany is in a good starting position. 

Industry is second largest greenhouse gas emitter in 
Germany 
Climate change is one of the most pressing challenges of our 
times. Businesses are increasingly being affected by rising 
energy needs to cool down equipment and buildings during 
periods of heat and by damage from extreme weather 

events, for example. In order to make an effective contribu-
tion to the fight against global climate change, Germany and 
the European Union have committed to pursuing climate neu-
trality as a long-term goal by 2050. The aim is to reduce new 
‘net’ greenhouse gas (GHG) emissions to zero by then.  
Under the German Climate Protection Act, by the year 2030 
Germany’s GHG emissions are to be reduced by at least 
55% against the 1990 baseline (reduction in 2020: -42%1). 
Reaching climate neutrality in the long term will require con-
siderable efforts from all economic sectors. Industry also has 
a responsibility to contribute to this goal. With a share of 
23%, it is the second largest emitter of greenhouse gases in 
Germany – after the energy sector with 32% and before 
transport and buildings, which account for 20 and 15% (as at 
2019).2 The largest industrial GHG emitters include steel, 
chemicals, cement, non-iron metals, the lime, glass and  
paper industries, as well as self-generated electricity supply.3 

Industrial sector to become greenhouse gas neutral by 
2050 
Industrial firms have already reduced their GHG emissions 
significantly in the past 30 years. Annual emissions fell by 
34% between 1990 and 2019 (Figure 1). And even so, they 
generated approx. 40% more value during the same period 
(on a price-adjusted basis).4 These savings were primarily 
the result of more energy and material-efficient manufactur-
ing processes and products. In addition, producers increas-
ingly switched to electricity-based manufacturing processes.5 
Much of the greenhouse gas reductions was achieved in the 
1990s, partly as a result of the economic upheaval in  
Germany’s eastern states and the general structural transi-
tion towards less energy-intensive sectors.6 Since 2010, 
however, emissions in the industrial sector have largely stag-
nated (Figure 1). Most of the further GHG reductions from 
energy efficiency measures and the use of lower-carbon 
fuels were largely offset by increased energy consumption 
resulting from economic growth. To be sure, GHG emissions 
are likely to have dropped substantially in 2020 as a result of 
the coronavirus pandemic. But this decrease is probably only 
temporary. The experience of the global financial crisis of 
2009 has shown that as the economy recovers, emissions 
also rise again quickly. 

In 2016, the German Federal Government for the first time 
also set sector-specific greenhouse gas reduction targets for 
the year 2030 with its Climate Action Plan 2050. These were 
made into law with the passage of the Federal Climate  
Protection Act of the year 2019. The act requires the indus-
trial sector to cut its GHG emissions in half by 2030 against 
the 1990 baseline (49 to 51%). In order to meet this target,  
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annual GHG emissions have to be reduced by another  
approximately one quarter compared with 2019 (Figure 1). 
Thus, measured against the stagnating emissions of the past 
ten years, the pace of reduction will have to be accelerated 
significantly over the remainder of this decade. Moreover, a 
further increase in the aspiration level of the national sector 
targets for 2030 cannot be ruled out after the European  
Union in December 2020 agreed to strengthen its emissions 
reduction target for 2030 from -40% to at least -55% against 
the 1990 baseline. Over the long-term horizon to 2050,  
industrial emissions will have to be reduced by 95% or more. 
This is confirmed by a meta-analysis of relevant studies and 
climate action scenarios which model an almost greenhouse 
gas neutral Germany by 2050.7 

On the path towards climate neutrality, the industrial sector 
faces the challenges of an enormous transformation. It will 
have to cut all its energy-related GHG emissions, which cur-
rently account for some two thirds of industrial emissions 
(Figure 2), to almost zero by 2050.8 These include emissions 
from the burning of fossil fuels in the generation of process 
heat and electricity in industrial power plants, for example. In 
addition, process-related GHG emissions are directly  
released from chemical reactions in certain industrial produc-
tion processes or from the non-energetic use of fossil energy 
resources. They currently account for around one third of  
industrial GHG emissions and must be reduced at least com-
prehensively by 2050.9 Examples of process-related emis-
sion sources include cement production, which releases car-
bon dioxide bound in limestone, and steel production using 
coking coal as a reduction agent in blast furnaces (to remove 
the oxygen content from the iron ore). The largest emitters of 
process-related GHG emissions are found in the metal, 
chemical and construction materials industry. Reducing pro-
cess-related emissions often requires new production pro-
cesses and in some cases emissions cannot be completely 
avoided. Unavoidable industrial GHG emissions will have to 
be offset through natural or artificial sinks (e.g. afforestation 

or carbon capture and storage) in order to achieve green-
house gas neutrality by 2050. 

Fields of action for greenhouse gas reduction are largely 
known 
How can climate-neutral production be achieved by 2050? 
The technological solutions for decarbonising the industrial 
sector are largely known and can be derived from the studies 
already published, which identify the technological routes for 
a greenhouse gas neutral Germany:10 

‒ Improving energy efficiency: Just under 90% of indus-
trial final energy consumption is currently fossil-fuel 
based.11 Further measures designed to improve energy  
efficiency would directly reduce the use of GHG-intensive 
fossil fuels and thus reduce the need to expand the use of 
climate-neutral energy sources. In particular, using pro-
cess heat more efficiently in manufacturing offers even 
greater potential for reducing industrial energy consump-
tion. Process heat is by far the most energy-intensive field 
of use, with a share of roughly two thirds of final energy 
consumption in the industrial sector.12 Process heat is  
required in a wide range of production processes, for  
example to generate steam and hot water, and to operate 
furnaces and drying facilities. Unnecessary energy con-
sumption can be avoided here, for example through  
improved insulation of plant components, needs-based 
plant dimensioning and control, as well as consistent use 
of waste heat. Across all sectors, the systematic optimisa-
tion of cross-cutting electricity consuming technologies 
such as electric motors, pressurised air, pumps and light-
ing provides further savings potential.13 

‒ Expanding the circular economy / improving material 
efficiency: Improving resource efficiency also provides 
great energy savings and, therefore, GHG reduction poten-
tials. An economical and efficient use of materials as well 
as more recycling can reduce the consumption of primary 

Figure 1: Development of industrial greenhouse gas emissions 
CO2 equivalents in millions of tons 

 
*Sector target according to Climate Action Plan 2050 

Source: German Federal Environment Agency (2020), KfW Research. 
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natural resources whose extraction and processing is  
often very energy intensive. The use of secondary alumin-
ium, for example, requires a mere 5% of the energy con-
sumed in extracting aluminium metal from bauxite, the pri-
mary ore. Recycling scrap steel consumes 73% less  
energy than the production of crude steel from iron ore.14 
Various existing climate action scenarios for Germany 
therefore provide for a significant increase in the share of 
secondary materials in industrial production by 2050, most 
notably in the steel and non-iron metal industry, as well as 
in the chemical industry through the chemical recycling of 
plastic waste.15 In order to be able to make cycles as 
closed as possible and increase the acceptance of the use 
of secondary materials on the buyer side, however, a 
greater focus will have to be placed on improving the qual-
ity of recyclates. Approaches include a more recycling-
friendly product design that uses less material and  
improved recycling logistics16. 

Figure 2: Industrial GHG emission sources 
In per cent 

 
Source: Federal Ministry for the Environment, Nature Conservation and Nu-
clear Safety (2020). 

‒ Direct electrification based on renewable energy:  
Almost all the remaining energy requirements in industry 
will have to be met using climate-neutral energy sources 
by 2050. For the supply of industrial process heat, which is 
currently generated almost exclusively from fossil fuels, 
electrification is a possible approach to the emission-free 
generation of low to high temperature heat. This can be 
done on the condition that the electricity comes from  
renewable energy. Applications referred to as power-to-
heat convert electrical energy to heat. This can involve the 
use of electrode boilers, induction heaters or high- 
temperature heat pumps.17 

‒ Use of biomass: Some climate action scenarios involve 
concentrating the country’s available biomass (particularly 
residual timber or fast-growing species from short rotation 
plantations) in the industrial sector. For one thing, it can 

contribute to climate-friendly generation of process heat 
through combustion. For another, the carbon released in 
the combustion of biomass can be captured and used as 
renewable carbon feedstock in the chemical industry in the 
future. However, it must be taken into account that  
Germany’s sustainable biomass potential is limited and 
that biomass is regarded as a means for achieving climate 
neutrality in other sectors as well, for example in aviation. 

‒ Use of green hydrogen (indirect electrification): Green 
hydrogen is also expected to play an important role in the 
decarbonisation of the industrial sector.18 It is produced 
through the electrolysis of water using only electricity from 
renewable energy. The hydrogen (H2) thus obtained can 
be further processed into synthetic fuels or chemical feed-
stock by adding a carbon source or nitrogen.19 Electricity-
based fuels and feedstocks enable the decarbonisation of 
industrial applications that are difficult or impossible to sup-
ply directly with renewable energy or with direct electricity 
generated from renewables. Examples include sub- 
segments of high-temperature heat generation in energy-
intensive sectors. From a present perspective, the use of 
green hydrogen will also likely be indispensable for achiev-
ing a significant reduction of process-induced GHG emis-
sions, especially in the steel and chemical industry. Pri-
mary steel production, for example, could become largely 
carbon-free if the currently prevailing coal-based blast fur-
nace process were replaced by the technology of hydro-
gen-fuelled iron ore direct reduction.20 Large quantities of 
fossil fuels – especially natural gas and oil – are currently 
being used as feedstock in non-energetic form in the 
chemical industry to produce important chemical feedstock 
such as ammonia, methanol and ethylene. Using green  
hydrogen as feedstock in the chemical industry enables 
these fossil energy sources to be substituted and GHG 
emissions to be significantly reduced.21 The hydrogen-
based production of chemical feedstocks and fuels often 
requires an additional carbon source which likewise has to 
meet sustainability criteria in the long term to achieve the 
goal of greenhouse gas neutrality. Methods being debated 
in this context include the direct capture of carbon from the 
ambient air (direct air capture – DAC) and the extraction of 
carbon from biogenic sources and waste (for example 
through chemical recycling of plastic waste). 

‒ Carbon capture und storage (CCS): CCS is a typical 
end-of-pipe technology in which carbon emissions are cap-
tured at power plants or industrial plants and then stored 
permanently in deep geological formations on land or be-
neath the ocean floor (e.g. in exploited gas fields or deep 
geological formations below the North Sea). The aim of 
storing carbon underground is to remove it from the atmos-
phere. The available climate action scenarios provide 
starkly diverging ideas on the possible role of CCS tech-
nology in decarbonising the industrial sector. In some sce-
narios, the use of CCS is a key climate action strategy22 
for adhering to tried and tested industrial production pro-
cesses as much as possible in order to reduce costs. 
Other studies rather propose minimising23 or even advise 
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against24 the use of this technology. A more restrictive 
CCS approach is motivated by the fact that environmental 
and health hazards from the release of CO2 as a result of 
accidents or leakages cannot be ruled out and by strong 
misgivings about this technology in the community.25 Still, 
most of the available scenarios assume that with the tech-
nology currently available, not all process-induced carbon 
emissions produced by the industrial sector can be 
avoided in the long term and a limited use of CCS will be 
necessary to meet the goal of greenhouse gas neutrality. 
An often cited, prominent example is the production of  
cement. It must be noted, however, that it is currently de 
facto not possible to add carbon storage reservoirs in  
Germany. Policies banning or heavily restricting under-
ground carbon storage are in place in all federal states that 
have the geological conditions to serve as possible loca-
tions. Some scenarios refer to the potential storage of car-
bon in European reservoirs as an alternative. Countries  
often mentioned in this context are the Netherlands and 
Norway, which currently support projects aimed at storing 
carbon in exploited natural gas and oil fields below the 
North Sea and the Norwegian Sea.26 

‒ Carbon capture and utilisation (CCU): Unlike CCS, 
which refers to the permanent storage of carbon in geolog-
ical formations, CCU involves re-utilising the carbon cap-
tured as feedstock in manufacturing. The captured carbon 
could thus be used in the chemical industry as an alterna-
tive carbon source (e.g. in the production of plastics). As 
concrete absorbs carbon dioxide (mineral carbonation), in 
future carbon could also be used in construction material 
production, which provides the benefit of chemically bind-
ing carbon dioxide in durable products. But in order to per-
manently remove carbon dioxide from the atmosphere, it is 
crucial that the recirculation of the bound carbon dioxide 

can be ensured after the lifetime of the relevant CCU prod-
ucts (e.g. through chemical recycling of plastic wastes).27 
As CCU does not involve final storage of captured carbon 
dioxide it can be presumed to meet with higher social  
acceptance than CCS. Many CCU technologies, however, 
are still in an early stage of development and are them-
selves very energy intensive. 

For three selected climate action scenarios that model a far-
reaching greenhouse gas reduction in Germany’s industrial 
sector by 2050, Table 1 provides an overview of the rele-
vance of the technical solutions described in their models. 
The comparison was based on the study entitled ‘Klimapfade 
für Deutschland’ (‘Climate pathways for Germany’) (95% cli-
mate pathway) prepared by the Federation of German Indus-
tries (BDI), the dena study entitled ‘Integrierte Energiewende’ 
(‘Integrated energy transition’) (technology mix scenario with 
95% climate target), both of which were published in 2018, 
and the study ‘Klimaneutrales Deutschland’ (‘Climate-Neutral 
Germany’) (KN 2050) published by Agora Energiewende et 
al. in 2020. The comparison shows that the scenarios exam-
ined for the industrial sector provide for various combinations 
of technical solutions and various intensities of deployment of 
individual technologies. This allows the conclusion that differ-
ent pathways can lead to a far-reaching emissions reduction 
in the industrial sector, allowing some planning scope. A look 
at the Agora study, however, which for the first time points to 
technological pathways for a climate-neutral Germany and 
not just for a 95% greenhouse gas mitigation target28, sug-
gests that contributions from all the above fields of action will 
be necessary in the industrial sector over the long term. To 
what extent the relevant technological options will actually be 
deployed by 2050 is likely to depend primarily on the political 
frameworks, the costs and the population’s acceptance of the 
relevant technologies. 

Table 1: Technical solutions for minimising industrial GHG emissions for selected scenarios 
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dena 2018 (TM95) -91% +++ + 0 0 +++ + 
Federation of German  
Industries 2018 (95% route) -95% +++ + 0 +++ 0 +++ 

Agora 2020 (KN2050) -111% +++ + +++ +++ +++ ++ 

0 = technical solution not pursued or only marginally 
+/++/+++ = technical solution pursued moderately / strongly/ very strongly 

Source: KfW Research, in line with the Wuppertal Institute for Climate, Environment and Energy (2020): Vergleich der Strategien für weit gehenden Klimaschutz in 
der Industrie in deutschen, europäischen und globalen Szenarien (‘Comparison of strategies for far-reaching climate action in industry in German, European and 
global scenarios’ – our title translation, in German only), in: Energiewirtschaftliche Tagesfragen, issue 10/2020. 
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One special aspect of the Agora study that also deserves to 
be emphasised is that its climate action scenario for the  
industrial sector predicts not just climate neutrality but even 
total negative emissions of nearly 30 million tonnes of CO2 
equivalent by 2050. Negative industrial emissions are to help 
offset unavoidable residual emissions from agriculture. This 
is to be made possible by combining bioenergy with carbon 
capture and storage (BECCS) in industry. Plants remove 
CO2 from the atmosphere during their initial growth phase. If 
this CO2 is not released again from the use of biomass for 
energy but captured and permanently stored in deep geologi-
cal formations, this may generate negative emissions.  
According to the Agora study, chemical and steel industry 
sites would be particularly suited for the use of this technol-
ogy because of their high local demand for energy to gener-
ate steam and high temperature heat. 

The steel, chemical and cement industry account for around 
60% of industrial greenhouse gas emissions in Germany.29 
These sectors therefore must achieve the highest GHG  
reductions by the year 2050. In line with the Agora climate 
action scenario, Table 2 provides an overview of the key 
technologies that will be particularly relevant for the reduction 
of GHG emissions in the respective sectors. 

Table 2: Overview of important key technologies by  
sector 

Sector  Key technologies 

Iron and steel 
Increased share of secondary steel, direct 
reduction plants with hydrogen, use of bi-
omass, biomass CCS 

Chemicals 

Hydrogen as feedstock and energy 
source, energy efficiency, electrification, 
chemical recycling of plastic waste, use of 
biomass, biomass CCS 

Cement Material efficiency, new cement types, 
use of biomass, CCS, biomass CCS 

Other industry Energy efficiency, electrification, biomass 
and hydrogen as an energy carrier, CCS 

Source: KfW Research, based on Agora Energiewende et al. (2020): Towards 
a Climate-Neutral Germany (KN2050). 

Making manufacturing climate neutral presents great 
challenges for Germany 
The available climate action scenarios basically show that 
making Germany’s industrial sector climate neutral by 2050 
is technically feasible. However, enormous challenges must 
be overcome along the way: 

Climate neutrality requires extensive investment 
Gradual greenhouse gas reductions through energy effi-
ciency measures – as observed in the industrial sector in the 
recent past – will no longer be sufficient to achieve the goal 
of greenhouse gas neutrality by 2050. Rather, manufacturing 
processes will have to undergo fundamental changes, partic-
ularly in greenhouse gas-intensive sectors. Many of the key 
technologies required to do this still have to be upscaled to 
industrial levels (e.g. electrification of steam crackers30 in the 
chemical industry, hydrogen-based steel production pro-
cesses, carbon capture in the cement industry). Possible  

financial and technical risks in the industrial-scale implemen-
tation of new technologies may pose a barrier to investment 
and should therefore be addressed by policymakers early.31 
The necessary structural transition to climate neutrality  
requires extensive investment. The study by the Federation 
of German Industries (BDI) entitled ‘Klimapfade für  
Deutschland’ (‘Climate pathways for Germany’) estimates 
that its 95% greenhouse gas reduction pathway will require 
around EUR 230 billion in additional investment in the manu-
facturing sector (compared with business as usual) by 2050. 
No scientific estimate is available as yet for the more ambi-
tious goal of climate neutrality. The additional investment re-
quirements are likely to be significantly higher here, however, 
especially since there now appears to be a need for hydro-
gen-based manufacturing processes and the use of green 
hydrogen as feedstock in the chemical industry, which the 
BDI 95% reduction pathway has largely omitted. 

High need for reinvestment in the basic industry should 
be used as a window of opportunity for transformation 
In the transformation it is important to bear in mind that the 
emissions-intensive basic industry such as steel, cement and 
chemical production uses capital-intensive industrial plants 
that usually have a technical lifetime of several decades.  
According to the Wuppertal Institute, more than half of the 
energy-intensive production plants in the steel industry (blast 
furnaces) and the chemical industry (steam crackers) and 
more than half of the kilns in the cement industry have to be 
renewed between 2020 and 2030. This major reinvestment 
phase opens up a window of opportunity for the necessary 
structural transition to climate neutrality. At the same time, 
however, there is a risk that renewed investment in conven-
tional technologies will cement fossil fuel use for many dec-
ades (carbon lock-in effect).32 Against this background, pol-
icy decisions now need to be adopted which ensure that up-
coming reinvestments that bind capital for a long time are 
compatible with the goal of reaching climate neutrality by 
2050. This will at once create investment certainty and pro-
tect  
investors from the risk of stranded investments.33 

Pushing ahead with the expansion of renewable capacity 
and hydrogen infrastructure 
Sufficient availability of electricity from renewables and cli-
mate-neutral hydrogen is a major prerequisite for the decar-
bonisation of industry. The Agora climate action scenario pre-
dicts an increase in annual industrial gross electricity con-
sumption from 226 TWh to 304 TWh between 2018 and 
2050, mainly driven by the electrification of process heat.34 
Additional demand for electricity would come from domesti-
cally generated and industrially used green hydrogen. In  
order to be able to fully meet the growing electricity demand 
from all sectors (that is, including transport, private house-
holds, industry, trade and services) with zero impact on the 
climate in 2050, the Agora scenario estimates that current 
domestic renewable electricity generation will have to grow 
3.5-fold by 2050. These figures underscore the need to  
accelerate the pace of renewables expansion in Germany 
and further advance the associated electricity grid expansion. 
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Most hydrogen is currently produced from fossil fuels for cost 
reasons – usually from natural gas through steam reforming 
(also referred to as grey hydrogen) – and primarily used as 
feedstock in the chemical industry. Germany’s national  
hydrogen consumption is currently around 55 TWh.35 So far, 
carbon-free hydrogen is being produced in very small quanti-
ties in Germany and elsewhere, primarily in pilot and demon-
stration plants. In order to reduce the currently very high 
costs of producing green hydrogen and its derivatives, and to 
make available the quantities required by industry in due 
time, production capacities in Germany and abroad have to 
be increased to industrial scale early. In addition to installing 
electrolysis capacities, this includes building a pipeline infra-
structure to transport and distribute hydrogen to future indus-
trial consumption hubs. With the National Hydrogen Strategy 
adopted in June 2020, the German Federal Government in-
tends to support the national and international market ramp-
up of hydrogen technologies. The strategy aims to make cli-
mate-neutral hydrogen competitive, enable the development 
of a domestic market, pave the way for imports and initiate 
necessary investment and innovation. In this context, the 
Federal Government’s economic stimulus package of June 
2020 includes EUR 9 billion in additional federal funds to pro-
mote the production, transport and use of green hydrogen 
and its derivatives. 

The Federal Government expects that around 90 to 110 TWh 
hydrogen will be needed each year by 2030, primarily in the 
industrial and transport sector. At least 13 to 16% of this de-
mand is to be generated from sustainable sources through 
the establishment of a green hydrogen production industry in 
Germany with an electrolysis capacity of up to 5 GW. A fur-
ther 5 GW is to be installed by 2035 or 2040 at the latest.36 
Significant additional renewable electricity generation capac-
ity will be required for the production of green hydrogen. 
Given the limited land area available for expanding renewa-
bles in Germany and other countries’ more favourable local 
conditions and thus cost advantages, most analyses predict 
that Germany will have to rely on significant imports of green 
hydrogen in the long term, for example from northern and 
southern Europe and North Africa.37 The Agora study entitled 
‘Towards a Climate Neutral Germany’ estimates that the 
country will import around 70% of carbon-free hydrogen in 
the year 2050. Import structures with the related electrolysis 
and renewable electricity generation capacities must still be 
established in the supplier countries, a time-consuming and 
capital-intensive process. The Federal Government therefore 
intends to intensify cooperation with other EU member states 
and international partners to advance the development of 
global supply chains for green hydrogen including the neces-
sary transport infrastructure. The EU is planning to push off-
shore wind energy generation for hydrogen production in the 
North Sea and the Baltic Sea in particular. Pilot projects for 
trialling technologies are to be initiated in the context of  
German development cooperation. 

A controversial debate is going on among policymakers and 
researchers as to whether ‘blue’ hydrogen should play a cer-
tain role in the decarbonisation of industry over a transitional 

period. Like grey hydrogen, blue hydrogen is produced 
through steam reforming from natural gas. The CO2 pro-
duced in the process, however, is not released into the  
atmosphere. It is to be captured and permanently stored un-
derground (CCS = carbon capture and storage). Proponents 
of this technology argue that so long as not enough green 
hydrogen from electrolysers is available at competitive 
prices, the use of blue hydrogen could be an option to push 
the market ramp-up of hydrogen-based production processes 
early (e.g. in the steel industry). This presupposes that the 
necessary capacities for the production of blue hydrogen can 
be established faster than for green hydrogen. Critics warn of 
the risk of carbon lock-in effects that may result from creating 
fossil infrastructures for the production of blue hydrogen.  
Besides, blue hydrogen is not entirely climate neutral com-
pared with green hydrogen. For one thing, carbon capture  
always leaves residual emissions and for another, the extrac-
tion, processing and transport of natural gas releases cli-
mate-impacting upstream emissions.38 

Creating acceptance of infrastructure development in the 
population 
As we can see from the above, many technologies needed to 
decarbonise industry require extensive infrastructure invest-
ment. This includes expanding renewable energy capacity, 
electricity networks, hydrogen pipelines and underground 
carbon dioxide pipelines and reservoirs for the implementa-
tion of CCS technology. This investment will result in visible 
alterations to landscapes and / or interventions in the natural 
environment. Ensuring public acceptance will therefore play 
an important role for the viability of these infrastructure  
investments and will be a non-negligible political task on the 
road to climate neutrality.39 

Ensuring international competitiveness 
While measures aimed at improving energy and material effi-
ciency usually lead to cost savings, most other GHG mitiga-
tion options currently involve significant additional costs com-
pared with conventional technologies.40 Estimates show, for 
example, that the cost of producing a ton of green steel 
(through direct reduction with hydrogen) will be 40 to 60% 
higher than for conventional steel from the coal-based blast 
furnace route.41 Another prediction is that the specific costs 
of providing steam in the chemical industry will rise by 50 to 
80% if steam generation is switched over from fossil com-
bined heat and power technology to an electrode boiler that 
runs on renewable electricity.42 These examples of additional 
costs illustrate that without a policy framework and financial 
incentives, the technologies will not achieve the broad market 
penetration needed in the long term to achieve the goal of cli-
mate neutrality in the industrial sector. What also needs to be 
considered is that parts of the industrial sector are exposed 
to intense international price competition. This applies above 
all to the commodities industry, whose products have a high 
degree of conformity. Until there is a globally harmonised 
CO2 price – at least at G20 level – and so long as the levels 
of ambition for climate action outside the EU differ considera-
bly, further instruments will be necessary for these enter-
prises to offset possible competitive disadvantages resulting 
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from more ambitious climate action. This will be vital to  
ensure acceptance of the transformation. Shifting production 
and emissions to countries with considerably weaker climate 
regulations (carbon leakage) would not be in the interests of 
global climate action and Germany as an industrial location. 

Policymakers need to create frameworks, set incentives 
and provide start-up finance 
The commitments to reduce GHG emissions under the Paris 
Climate Agreement and within the European Union require 
Germany to make a structural transition towards a climate-
neutral economy by 2050. Given the long reinvestment  
cycles in industry, policymakers must set the course for the 
transformation early. The tense economic situation caused 
by the coronavirus crisis and lower prices of fossil energy 
carriers currently pose new barriers to the mobilisation of 
necessary investment. The focus on overcoming the corona-
virus crisis must not slow down climate action efforts  
because global temperatures are continuing to rise una-
bated. Rebuilding the economy and combating the climate 
crisis should therefore go hand-in-hand because an ambi-
tious climate policy contributes to modernising the economy 
and makes it fit for the future. 

For the transition to net zero emissions to succeed, investors 
need planning certainty. A reliable and projectably rising CO2 
price signal is an essential factor for success so that over the 
long term, climate-friendly technologies can be more cost- 
effective than fossil alternatives that damage the climate.  
Adjusting the National Fuel Emission Trading System and the 
EU Emission Trading System to the most recently lifted EU 
greenhouse gas reduction target for 2030 is therefore of 
great importance. In order to prevent carbon leakage, exist-
ing compensation mechanisms for energy-intensive enter-
prises that compete internationally must be continued (includ-
ing the free allocation of emission allowances and electricity 
price compensation). 

As there are no signs that over the next ten years the carbon 
price will rise at a rate that would be necessary for key tech-
nologies for decarbonising industry to achieve market break-
through, additional innovation and investment promotion 
tools will be necessary.43 The first priority will be to 
strengthen the market ramp-up of new technologies through 
the promotion of demonstration plants at industrial scale, 
thereby harnessing cost reduction potentials. The Federal 
Government has already launched programmes to finance  
investments in this area. In order to remove investment barri-
ers, the Federal Government also plans to trial ‘Carbon Con-
tracts for Difference’ in selected sectors (especially the steel 
and chemical industry) with the aim of offsetting higher oper-
ating costs and, hence, competitive disadvantages of low-
carbon key technologies over conventional technologies.44 It 
intends to provide project-specific contributions to operating 
costs to offset CO2 avoidance costs, with the amount pro-
vided usually calculated as the difference between actual 
CO2 avoidance costs and the current CO2 price. 

 

In order to create reliable sales markets for GHG-neutral 
products, mandatory quotas for the use of ‘green’ feedstocks 
in the following value chains are also being discussed in the 
political arena (e.g. use of green steel in car manufacturing, a 
quota for hydrogen-based synthetic kerosene in aviation). 
Public procurement systems could also help generate  
demand for products manufactured on a net zero emissions 
basis and thereby help incentivise such production in line 
with market economy principles. For example, public con-
struction projects could be mandated to use green steel or 
climate-neutral cement. 

Looking further ahead, European and international market 
conditions have to be further developed in such a way that 
industry investment in climate-neutral key technologies is 
competitive and cost-effective without public subsidies. It is 
obvious that the introduction of a global, uniform carbon price 
would be an efficient instrument for this.45 International cli-
mate diplomacy gains in importance against this background. 
But international negotiations on the introduction of a global 
carbon price and its increase to a sufficiently high level are 
likely to be difficult and protracted. In the context of the  
recently raised EU climate target for 2030, there is concern at 
EU level that increasingly lower quantities of certificates and 
anticipated rises in certificate prices mean that the protection 
against carbon leakage currently afforded under the EU 
Emissions Trading Scheme may no longer be sufficient in the 
medium term. The EU Commission is therefore considering 
the introduction of a carbon border adjustment mechanism 
for selected sectors in order to reduce the risk of carbon leak-
age to non-EU countries. This basically involves putting a 
carbon price similar to that of the European Emissions Trad-
ing Scheme on imported goods from third countries that have 
not taken comparable climate action. The aim is to ensure 
that foreign companies pay the same price to protect the cli-
mate as their domestic competitors. The greatest challenge 
here is to ensure that the instrument conforms to WTO rules 
and to correctly determine the carbon footprint of the  
imported goods. 

Conclusion 
Transitioning to a climate-neutral industry in 2050 requires 
fundamental changes to production processes in greenhouse 
gas-intensive sectors as well as significant investment. Many 
key technologies have yet to be scaled up to industrial size. 
Large additional quantities of electricity from renewable  
energy as well as climate-neutral hydrogen are also required 
to transform the industrial sector. The necessary infrastruc-
ture needs to be created at an early stage. 

High sums need to be reinvested in the energy-intensive 
basic industry by 2030. This window of opportunity must be 
grasped to advance the necessary structural transition to cli-
mate neutrality. As many key technologies for the decarboni-
sation of industry currently incur significant cost disad-
vantages over conventional technologies, a policy framework 
and economic incentives need to be set to promote their mar-
ket penetration. Designing the policy instruments comes with 
the challenge of setting the framework in such a way that the 
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domestic industrial sector becomes climate neutral by 2050 
while maintaining its international competitiveness. 

The transition to a climate-neutral economy is a major chal-
lenge, but it also provides considerable opportunities for  
future value creation and employment. This applies particu-
larly to the export of climate-friendly technologies, as increas-
ingly more large industrialised countries are joining Europe in 
committing to climate neutrality, and this will lead to growing 
demand for low-emission technologies worldwide. Germany 

has a good starting position in this field. In 2017 the country 
was the world’s second largest exporter of climate technol-
ogy after China, taking a share of 11% of global trade.46 
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