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Achieving this will require robust policy frameworks 
that provide short-term relief while enabling new 
business models over the long term. Investment cer-
tainty and incentives as well as a clear commitment 
to reducing fossil imports are essential for chemical 
companies and their employees. 

This study assesses different pathways, their 
im pli cations for value creation and employment, 
and the policies needed to support the transition. 
By outlining a clear road ahead for Germany’s 
chemical sector, we hope to contribute to the  
debate across countries.

I wish you a pleasant read!

Dr. Julia Metz 
Director, Agora Industry

Dear reader,

Around the world, the chemical industry has long 
driven economic and technological progress. This 
study examines opportunities ahead on the sector’s 
path to climate neutrality, using Germany, the third 
largest chemicals producer worldwide, as a case study 
with lessons for other regions. We do so amid rising 
geopolitical volatility and trade tensions, as chemical 
industries worldwide face increasing pressure. In 
Germany, for example, pro duction has stagnated at 
around 20 percent below early 2022 levels.

The transition to climate-neutral production and inno-
vative technologies offers an opportunity to strengthen 
and future-proof the industry. Potential benefits in
clude quality job creation, economic resilience, techno-
logical sovereignty and improved security of supply. 

1 Geopolitical shifts are challenging the global chemical industry, but they also create a strategic 
opportunity. By focusing on innovation, security of supply and good jobs on the path to climate 
neutrality, the sector can strengthen its resilience and competitiveness. This is particularly evident 
in Germany, where disrupted fossil fuel supply chains, weak downstream demand and persistently 
high energy and raw material prices have put the industry under significant pressure.

2 Investing in the bioeconomy, green hydrogen and recycling reduces dependence on fossil imports by 
increasing the use of regionally available resources. Complementing this approach with international 
trade partnerships for green methanol, ammonia and ethanol can optimise costs and maintain 
supply security. For countries that prioritise such measures to enhance resilience, this transforma-
tion also creates significant employment value. In Germany this could reach up to 90,000 new jobs 
and ten billion euros of added value by 2045. 

3 Developing new value chains would enable substantial emission reductions across the chemical 
value chain. This could reduce the footprint of the German chemical industry by up to 80 million 
tonnes of carbon dioxide equivalent, alongside up to 15 million tonnes of negative emissions per 
year. This would allow the sector to make a significant contribution to national climate goals while 
also positioning itself in emerging global markets for green products.

4 Transforming the chemical sector – the largest industrial consumer of fossil energy – is critical 
to global efforts to phase out fossil fuels. The Transitioning Away from Fossil Fuels Conference in 
Santa Marta earlier this year helped build political momentum, backed by 57 countries representing 
around one third of global GDP. Strengthening supply and demand for green chemicals and interme-
diate products such as renewable methanol can accelerate the shift to fossil-free global markets. 

Key findings at a glance

Preface

→
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1	 Introduction and summary

Status quo, effects of feedstock switch and policy needs → Fig. A

Agora Industry (2026). * over the entire life cycle
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The chemical industry in Germany has traditionally 
been characterised by its core strengths: its inno-
vative capacity and its high-quality and specialised 
products. It has always continued to thrive despite a 
high-price environment and growing international 
competition. This study highlights ways in which 
focusing on innovation and resilience can pave the 
way to a future-proof  climate-neutral chemical 
industry in Germany. 

The chemical industry is currently facing consid-
erable economic pressure. Weak domestic demand, 
growing international competition and high fossil 
energy prices are putting a strain on a sector of cen-
tral importance for Germany. The two energy crises 
of recent years have highlighted the risks associated 
with a high level of dependence on imported fossil 
energies and fuels. This difficult situation is not the 
result of  climate policy; it is the consequence of global 
overcapacities, fossil dependencies and structural 
disadvantages inherent to Germany. Investor reti-
cence and plant closures are adding to the uncertainty 
in the sector. At the same time, the chemical industry 
remains a fundamental part of the German economy; 
it is closely interwoven with many other branches 
of industry and is the basis for key value chains. 
The German and European chemical industries are 
experiencing tough global competition and have been 
losing shares of the global market for around 20 years 
now. One thing is obvious from the current discus-
sion of plant closures and the associated job losses: 
Germany as a location for chemicals production is 
facing major competitiveness challenges on global 
markets – regardless of  climate policy measures, and 
even if fossil production continues.

At the same time, the German chemical industry 
boasts a diverse portfolio of companies and prod-
ucts and an excellent research network. These 
structural advantages can serve as a springboard 
for innovating its way towards a more resilient and 
 climate-neutral future. The sector needs to identify 
markets in which it can leverage its core compe-
tencies, such as its innovative capacity and ability 
to develop high-quality and specialised prod-
ucts, in order to keep value creation in Germany 
and Europe. It must ask itself which areas offer 

long-term competitiveness and decide, together 
with policy makers, where domestic production is 
needed to ensure Germany’s resilience as an indus-
trial powerhouse.

Discussions and news about plant closures make 
it clear that a profound structural shift is already 
underway given that the current business model, 
being reliant on fossil resource and energy imports, 
is seeing energy costs soar. The dynamic nature of 
this transformation makes it vital to understand that 
maintaining the competitiveness of the European 
chemical industry, increasing Europe’s energy secu-
rity and resilience and transitioning to fossil-free 
resources and energy sources are inextricably linked 
goals that must be pursued with ambition and resolve. 
In a challenging environment, shifting consistently 
towards a sustainable business model that is less 
dependent on fossil resource markets presents an 
opportunity to be a global technological pioneer and 
tap into key segments of green markets at an early 
stage. Transitioning to renewable carbon sources 
offers the chance to create new jobs and additional 
value, and to generate negative emissions. The chemi-
cal industry can thus make an important contribution 
to a  climate-neutral society overall. 

This study analyses possible pathways to a 
  climate- neutral chemical industry from an eco-
logical, economic and social perspective. It looks 
at various resource and technology paths in which 
imported fossil resources can be replaced by renewa-
ble resources produced domestically, such as biomass, 
plastics recycling, electricity and hydrogen. It then 
compares these pathways in terms of their energy 
demand, investment requirements and operating 
costs and their impact on value creation and employ-
ment. The study additionally explores the option of 
incorporating   climate-neutral imports at different 
stages of the value chain – such as green hydrogen, 
the intermediate products methanol, ethanol and 
ammonia, and green basic chemicals – complement-
ing domestic production by up to one third.

Transitioning from fossil resource imports to home-
grown renewable resources such as biomass and 
plastics recycling will create up to 88,000 new jobs 
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and additional value of upto 10.7 billion euros in 
Germany. The methanol economy will be the inter-
face between biomass production and the chemical 
industry. Production and value chain stages that to 
date have taken place abroad can thus be brought to 
Germany. Biomass, being a decentralised resource, 
offers opportunities for rural areas in particular to 
profit from a future methanol economy.

Combining domestic resources with imports of 
 climate-neutral intermediate products is a “sweet 
spot”: compared with scenarios based entirely on 
domestic resources, it reduces the total amount 
of additional investment needed in new facilities 
from 50 to around 37 billion euros. The remaining 
investment required – assuming a linear investment 
path – of around 1.85 billion euros per year equates 
to roughly twelve percent of the chemical industry’s 
typical current annual investments. Even if up to 
one third of selected green intermediate products 
are imported, switching to renewable resources 
offers great potential for domestic job and value 
creation. 69,000 new jobs could be created and 
value adding increased by 7.2 billion euros. Hydro-
gen production is proving to drive up costs signifi-
cantly while having comparatively low employment 
effects. Across various scenarios, plastics recy-
cling, biomass processing and methanol synthesis 
prove to be no-regret technology choices – every 
additional tonne of plastics waste and homegrown 
biomass that is used as feedstock creates new jobs 
and value while at the same time increasing strate-
gic autonomy.

The ramp-up of climate-neutral chemicals requires 
effective carbon pricing and the ability to pass on 
CO₂-costs to end products. Because of international 
trade in chemicals, the price of chemicals tends to be 
determined by global markets. Prices on these mar-
kets do not currently reflect the environmental costs 
of producing, using and disposing chemical products. 
The cost of carbon pricing via the EU ETS I (Euro-
pean Union Emissions Trading System) is currently 
not passed on to the final product level; instead, it is 
offset by the free allocation of emission allowances 
to companies and Germany’s indirect carbon cost 
compensation scheme reimbursing the cost of carbon 

in the electricity price. For renewable and recycled 
products to become established on the market, their 
social costs and benefits must eventually be able to be 
priced in instead. The approach pursued by the Euro-
pean Commission is the Carbon Border Adjustment 
Mechanism (CBAM), which is intended to replace free 
allowances. Taking into account the complexity of the 
sector, the risk of downstream circumvention and the 
high export share that needs to be considered, efforts 
to ensure effective carbon leakage protection for the 
chemical industry need be accelerated.

Pricing direct CO₂ emissions during production 
must be complemented by a financial incentive for 
switching from fossil resources to renewable carbon 
sources. The lion’s share of the emission reduction 
achieved by switching to renewable carbon sources 
comes from avoiding upstream emissions when 
fossil resources are extracted and downstream fossil 
emissions when chemical products are used and 
disposed of. This benefit for society should also be 
rewarded by a financial incentive. To date, however, 
emission trading puts a price almost solely on direct 
emissions generated during production.1 Purely 
domestic production with a focus on biomass use 
increases operating costs (excluding the carbon price) 
per product tonne by around 100 percent – from just 
shy of 1,000 euros at present to roughly 2,000 euros 
per product tonne. Putting an effective price on direct 
production- related emissions would increase costs 
by 100 euros per product tonne, based on a carbon 
price of 132 euros per tonne of CO₂.2 If  climate-neutral 
intermediate product imports were included, how-
ever, the average production costs of fossil-free 
chemicals would decrease by around 300 euros or 
15 percent. Assuming that negative emissions would 
also be remunerated (likewise at 132 euros per tonne 
of CO₂), the costs of fossil-free chemicals could be 
lowered by an additional 130 euros to approximately 
1,500 euros per product tonne. This would leave an 
average cost gap of around 450 euros per product 

1	 In this context, the planned inclusion of waste incineration plants 
in European emission trading is an important first step.

2	 The chemical industry is currently allocated free allowances for 
the majority of its emissions, meaning that its carbon emissions 
are hardly priced effectively (cf. Chapter 2.1).
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tonne (cf. Figure 19). An additional levy on fossil 
feedstocks or on up- and downstream emissions 
could help closing this gap. In many cases, using more 
expensive  climate-neutral basic chemicals affect the 
final product price and end consumers only margin-
ally. For example, a drink sold in a fossil-free plastic 
bottle is estimated to cost up to three percent more, 
while using fossil-free plastic in a car would add 
around one percent to its price (cf. Infobox on Addi-
tional costs at the product level, p. 42).

Transitioning to renewable energies and resources 
is an extraordinary innovative challenge to the 
industry. The  climate crisis can only be mitigated by 
also transforming the chemical industry. However, 
due to the enormous global ramp-up of renewable 
energies and the declining production costs of green 

electricity, it will likely only be a question of time 
before the industry also switches to renewables 
and green electricity. While Europe can take a lead 
role in this transition, political action is needed for 
it to be successful. Effective carbon pricing with 
no exceptions, clear guidelines for electrification, 
a focus on renewable raw materials and recycling, 
plus targeted support for investment and infra-
structure are vital to obtain planning security and 
kick-start the transition.

The study shows that a forward-looking  climate- 
neutral chemical industry is possible and offers 
innovation opportunities for Germany. It can open 
up new markets and thus ensure long-term competi-
tiveness, while at the same time making an important 
contribution to resilience and  climate neutrality.
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2	 Economic structure and resource demand of the  
chemical industry in Germany

2.1	 Economic structure and  
current challenges

The chemical industry has great economic signifi-
cance for German and European industry. Being the 
fourth-largest branch of the manufacturing sector, 
the German chemical industry is responsible for 
6.6 percent of the gross value added by the manu-
facturing sector in Germany (Destatis 2025b). This 
makes Germany Europe’s biggest chemicals producer 
and the third-largest exporter of chemicals world-
wide (VCI 2025d). The chemical industry is closely 
interconnected with other branches of the manufac-
turing sector. Around 75 percent of the chemicals it 
produces are further processed by other branches of 

industry – besides the plastics processing industry, 
the construction, automotive, steel and metal indus-
tries are the principal consumers of these chemical 
products (VCI 2025a). As such, the chemical industry 
supplies vital intermediate products for downstream 
economic sectors and is situated at the beginning of 
many supply chains.

Polymers, which are the basic building blocks of 
plastics for example, are the most important group 
of products made by the chemical industry. The 
chemical industry in Germany is characterised by 
a diverse product and process portfolio. Plastics, 
that is to say polymer-based products, account for 
roughly 50 percent of all chemical products at the 

Dependence between basic chemicals and final products → Fig. 1

Agora Industry (2025) based on Agora Industry and Carbon Minds (2023) and VCI (2021a, 2021b). The radiant corresponds to the mass streams.
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final-product level. Fine and speciality chemi-
cals (such as dyes and pigments), which are based 
primarily on inorganic products, are the second 
major product category, accounting for around 
32 percent of all products (VCI 2025a). The produc-
tion of ammonia and fertilisers is another important 
branch of the German chemical industry. 

The chemical industry features complex and inex-
tricably linked value chains. Ten basic chemicals 
form the starting point for the majority of final prod-
ucts (cf. Figure 1): ethylene, propylene and C4 frac-
tions (alkenes, olefins); benzene, toluene and xylene 
(aromatic compounds), and methanol, chlorine, 
sodium hydroxide and ammonia. Many thousands of 
chemical products are based on these chemicals. In 
many cases, these production processes are closely 
intertwined. At around 40 chemical parks across 
Germany, multiple companies share infrastructure 
and industrial services to produce a huge range of 
different chemicals. Plants at which steam crackers 
are used to make basic chemicals (especially ethyl-
ene and propylene) show a particularly high level of 
integrated activity due to the shared use of energy 
and material flows, allowing chemical products to be 
produced efficiently. At present, 13 steam crackers 
are in operation at eight sites across Germany.3 

The chemical industry is export oriented. Around 
63 percent of its products are sold abroad (Destatis 
2024). Its most important market is the European 
single market (EU 27 + others), accounting for around 
two thirds of total exports, followed by Asia and the 
NAFTA (North American Free Trade Agreement) 
zone, each accounting for roughly 14 percent (VCI 
2025b). Over the years, the chemical industry has 
maintained this high degree of export orientation 
by continuously optimising its competitive posi-
tion through efficiency improvements and inno-
vation. It has already undergone various phases of 

3	 Steam crackers are in operation in Ludwigshafen, Gelsenkirchen, 
Cologne-Worringen/Dormagen, Wesseling, Münchsmünster, 
Heide, Burghausen and, for the time being, in Böhlen. In the sum-
mer of 2025, it was announced that the steam cracker in Böhlen 
would be shut down. 11 of the 13 crackers are run on naphtha, LPG 
or gas oil, while just two of the crackers can also use ethane as a 
feedstock (Scholz et al. 2023).

transformation, switching for example its resource 
basis from coal to petroleum or increasing thermal 
integration to reduce energy demand and emissions. 
Many chemical companies have focused more on 
core competencies and high-quality products, rein-
venting themselves as solution providers rather than 
mere product suppliers (Büchel et al. 2022). This has 
significantly changed the industry’s trade balance 
across different product groups: while substantial 
export surpluses were generated above all with fine 
and speciality chemicals, polymer production and 
inorganic basic chemicals in 2024, imports have 
recently begun to exceed exports in the petrochemi-
cals and derivatives category (VCI 2025a). This is due 
to growing capacities in Asian production, though 
also to falling ethane prices, which is making US 
chemicals production more competitive.

Currently, the industry is again facing major chal-
lenges – with its dependence on fossil resources in 
particular driving up energy costs. The chemical 
industry accounts for around 30 percent of the fossil 
gas consumed by the manufacturing sector. Fossil 
gas and petroleum derivatives combined account 
for some 80 percent of the industry’s energy and 
resource consumption (VCI 2025c, Agora Industry 
2023). Russia’s invasion of Ukraine caused fossil gas 
prices to surge; even today they remain well above 
the pre-crisis level. On the petroleum markets, the 
sanctions against Russia and Iran and uncertainties 
surrounding US oil production have caused prices to 
fluctuate and increase (VCI 2025c). Rising fossil gas 
prices have affected the chemical industry across the 
board, but have hit the energy- and resource-inten-
sive production of basic chemicals especially hard. 
The VCI, Germany’s chemical industry association, 
reports that the costs of using naphtha increased by 
around 50 percent on average from 2020 to 2023, 
while fossil gas costs even soared by around 130 per-
cent (VCI 2025c). Figure 2 shows the commercial pro-
ducer prices for fossil gas and crude oil compared to 
the development of the exchange price for electricity.

The higher fossil gas prices also influence electricity 
prices – though the expansion of renewable energies 
has helped cushion the blow. In 2023, the industry’s 
electricity costs were around 30 percent higher than 



﻿11

Agora Industry – Innovations for tomorrow: opportunities for a climate-neutral chemical industry

in 2020 (VCI 2025c). Once again, it was the high fossil 
gas price that drove up the price of grid electricity; 
what is more, combined heat and power (CHP) sys-
tems that are powered by fossil gas generate a large 
proportion of the electricity needed by the German 
chemical industry (Agora Industry 2023). Contrary to 
commonly expressed criticism, however, rising CO₂ 
prices in the EU ETS I are only likely to have had a 
minor impact on the industry’s energy costs to date. In 
2022, the chemical industry was granted free emis-
sion allowances for around 16.5 million tonnes – its 
actual verified emissions covered by the EU ETS I 
having been around 14.1 million tonnes. Similarly, in 
2024, the chemical industry’s level of provision with 
free allocations amounted to 96.6 percent (DEHSt 
2023, 2025a).4 Most of the costs incurred by indirect 
emissions from electricity purchased externally are 
likewise reimbursed to the industry. The chemical 
industry recently received the largest share of the 
electricity price compensation funding provided to 
reimburse indirect CO₂ costs (DEHSt 2025b).

4	 Due to the crisis, the allocation of free emission allowances to the 
chemical industry in Germany exceeded 100 percent in 2022 and 
2023. In the years prior to 2022, the free allowances granted in 
respect of those plants of the German chemical industry that are 
subject to the EU-ETS I covered on average well over 90 percent of 
actual emissions. 

Besides the high fossil energy prices, growing global 
competition and declining demand from consumer 
sectors due to the unfavourable economic  climate 
at home and abroad are also putting a strain on the 
industry in economic terms. China in  particular 
has hugely expanded its production capacities and 
share of global turnover since the early 2000s. At 
the beginning of the 2000s, China had a less than 
ten percent share of global turnover, but this rose 
rapidly to 40-45 percent by 2022. While  chemicals 
production in Europe has shrunk slightly in recent 
years, Asian production continued to grow between 
2020 and 2023. In overall terms,  however, the 
industrial recession and energy crisis have slowed 
growth in the chemical industry worldwide 
(VCI 2025d). 

2.2	 Current resource demand and  
the specific challenges of reducing 
emissions 

Because of its high energy consumption and depend-
ence on fossil resources, the chemical industry 
faces particular challenges when it comes to  climate 
change mitigation and the resilience of European 
supply chains. The chemicals sector is currently the 
biggest industrial consumer of fossil energies. It is 
also the second-largest industrial emitter of green-
house gases, accounting for 6.5 percent of Germany’s 
total greenhouse gas emissions (VCI 2024a). 

Burning fossil gas covers around 40 percent of the 
energy demand of the chemical industry, making 
this its most important energy source at present 
(VCI 2025c). Consuming around 69 terawatt hours, 
the chemical industry recently accounted for 
roughly 30 percent of the fossil gas consumed by 
the manufacturing sector in Germany (VCI 2025c). 
Occasionally, a role is also played by the burning of 
waste, coal or biomass. In many cases, fossil gas is 
burnt in CHP systems to provide heat and electric-
ity. CHP systems account for around a quarter of 
electricity consumption. In addition, some 40 tera-
watt hours of electricity are obtained from the grid 
and used for example for chlorine production (Agora 
Industry 2023). Many production processes require 

Crude oil, fossil gas and → Fig. 2 
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medium to high temperatures, especially those used 
to produce basic chemicals. Steam crackers that turn 
naphtha (a petroleum product) into basic chemi-
cals (such as ethylene) currently need particularly 
high temperatures. To this end, byproducts from 
the cracking process are fed back into the system 
and burnt. The waste heat resulting from cracking 
and other processes is normally used to supply heat 
to processes requiring lower temperatures and for 
example to produce process steam. Process steam, 
generally at temperatures below 500 degrees Cel-
sius, is needed in a wide range of processes. fossil 
gas-based CHP systems often cover any additional 
demand for heat and steam. When electricity prices 
are low, electrical steam generators are also used 
occasionally to relieve the burden on conventional 
fossil generation and reduce costs.

The organic chemicals sector consumes around 
11 million tonnes of carbon, which to date has been 
supplied almost exclusively by fossil sources. In total, 
this use of fossil resources as feedstocks accounts 
for roughly two thirds of the total resources required 
by the chemicals and pharmaceuticals industry 

(cf. Figure 3). At some plants, the use of naphtha – the 
most important petroleum product for the  chemical 
industry – is closely associated with petroleum 
processing in refineries. The production of naphtha 
is linked to the production of and demand for fuels for 
the transport sector. The growing number of electric 
vehicles can be expected to lead to the gradual closure 
of refineries – a trend that is already evident today. 
Around 90 percent of petroleum products used in 
the chemical industry are used as feedstocks. Only 
approximately 25 percent of fossil gas is used as a 
feedstock – to produce ammonia and fertilisers, for 
instance. fossil gas and petroleum derivatives are the 
most important resources for the chemical industry 
and together account for roughly 80 percent of its 
resource and energy needs.

The  climate impact of chemicals production can 
only be fully assessed by considering both the direct 
emissions from production and those generated by 
the up- and downstream supply chain. When fossil 
resources are used as feedstocks, carbon is temporar-
ily stored in products. This carbon is then released as 
CO₂ when the products reach the end of their useful 

Feedstock and energy inputs into the chemical industry in Germany in 2019 → Fig. 3

Agora Industry and Carbon Minds (2023) based on VCI (2021a, 2021b). The main sources of resources and process energy in the chemicals and 
pharmaceuticals industry in Germany by energy content (heating value). Refinery products used in other sectors are not shown.
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lives and are incinerated as waste. Though landfills 
are in limited use in Europe, emissions occur in the 
form of methane when plastic waste is discarded at 
landfills abroad. Such end-of-life emissions account 
for half of the total life-cycle emissions of chemicals. 
If the indirect emissions (of methane in particular) 
that are incurred when fossil resources are extracted 
in the upstream supply chain are factored into the 
equation, the total emissions of chemicals production 
viewed over the entire life cycle are roughly three to 

four times higher than direct emissions (Agora Indus-
try 2023). To lastingly avoid such fossil emissions, 
the demand for carbon must be met not by fossil but 
by renewable sources (cf. Chapter 3.3). The burning 
of fossil energies during the production process thus 
results in only some of the overall emissions associ-
ated with chemicals. Though the up- and downstream 
emissions are directly related to chemical products, 
they are only partly reflected in the national green-
house gas balance. 
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3	 Key strategies for an innovative, resilient and 
climate-neutral chemical industry

One challenge posed by the transformation of the 
chemical industry is its complexity. The extremely 
diverse range of chemicals produced in Germany 
means that product- and site-specific strategies are 
required to achieve  climate neutrality and competi-
tiveness. All the same, a number of overarching con-
clusions can be drawn that can serve as a compass for 
the chemical industry’s transformation. Whenever 
fundamental decisions are taken about technologies, 
the effects on regional challenges and opportuni-
ties at the sites in question need to be considered 
(cf. Chapter 6), as does the impact on employment. 
The resilience of production to geopolitical shocks is 
also an important aspect, especially given the import 
dependencies associated with fossil resources. 

By combining renewable energies, homegrown 
resources and resilient supply chains, the chemi-
cal industry can contribute to generating negative 
emissions and even become  climate positive. At 
the same time, these strategies involve a number of 
co-benefits that will positively affect value creation 
and jobs at the site in question and the resilience of 
supply chains. This study has conducted modelling 
to determine the most cost-effective combination 
of different key strategies and technologies, and the 
resulting co-benefits and costs. The findings are 
presented and analysed in Chapters 4 and 5.

3.1	 Electrifying and flexibilising  
energy demand

The dynamic pace at which renewable energies are 
being expanded and the falling costs of generating 
green electricity make it clear that electrifying the 
industry offers an opportunity in the medium term 
to reduce the energy costs of producing chemicals. 
Renewable energies recently accounted for 92.5 per-
cent of the global increase in electricity generation 
capacities (IRENA 2025). Meanwhile, the costs of 
solar panels dropped by 30 percent between 2022 

and 2024 (IEA 2024a). Battery storage systems have 
become around 90 percent cheaper since 2010 and 
are predicted by the International Energy Agency 
to fall in price by up to another 40 percent by 2030 
(IEA 2024b). As the share of renewable energies 
in the electricity system increases, so too does the 
number of hours when prices are low and are set by 
green electricity rather than expensive fossil gas. For 
the chemical industry to profit from this dynamism 
and reduce both its costs and its emissions, it must 
electrify its energy demand – by switching from gas 
to electricity – and interact more flexibly with the 
electricity system than in the past.

Many of the technologies needed to electrify the 
chemical industry are already available or will be 
market-ready in the next few years. As current 
analyses show, substantial technological develop-
ments can be expected in the coming ten years that 
will help ensure that electricity-based processes 
become available for virtually all process energy 
needs in the chemical industry by 2035 (Fraunhofer 
ISI 2024). Large-scale and mass-produced industrial 
heat pumps with maximum temperatures of up to 
200 degrees Celsius are soon likely to be available 
in the required output classes, for example. Steam 
at higher temperatures of up to 500 degrees Celsius 
can increasingly be generated electrically by flexible 
electrode boilers combined with existing systems or 
by using heat storage systems (Fraunhofer ISI 2024). 
Process heat above 500 degrees Celsius is required 
primarily in steam crackers to produce basic chem-
icals. A first demonstration plant set up by BASF, 
Sabic and Linde in Ludwigshafen has shown that 
electrification is technically feasible even at high 
temperatures (BASF 2024).

Energy efficiency and flexibility are the key  factors 
for the economic viability of electrification. Tran-
sitioning to electricity-based processes can unlock 
important energy efficiency gains. As a rule, elec-
tricity-based processes are more efficient than 
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their fossil equivalents. The increase in efficiency is 
sufficient in some cases to offset the additional costs 
of grid power in base-load operation as compared to 
gas. Heat pumps in particular can potentially reduce 
the primary energy demand by up to three quarters 
compared to conventional systems (Agora Industry, 
Future Camp 2022). Increasing demand-side flexi-
bility for electricity can also help bring down costs 
without jeopardising the supply security of contin-
uous downstream processes. An increasing number 
of chemical parks are already using electrical steam 
boilers at times when electricity costs are low. This 
allows chemical companies to scale back their fossil 
heat production temporarily and reduce costs and 
emissions. Heat storage systems can also take advan-
tage of flexibility by storing heat generated by cheap 
renewable electricity and continuously releasing 
steam to supply downstream processes. This stores 
the energy in the form of heat – in special concrete or 
bricks for example, thereby using less rare materials 
than those needed in battery storage systems.

Flexible electricity consumption boosts power 
system efficiency and increases security of supply. 
Flexible electricity consumption helps reduce the 
share of expensive fossil energies in the electricity 

mix and lower the need for reserve capacity. In its 
report on supply security, the Bundesnetzagentur, 
Germany’s main authority for infrastructure, identi-
fied flexible consumption – i.e. the possibility to react 
to market signals – as a vital aspect ( BNetzA 2025). 
There is considerable scope for flexibility at temper-
atures below 500 degrees Celsius, when process heat 
is often supplied in the form of steam or hot water. 
There is less potential for flexibility in processes 
where heat is generated directly in the process rather 
than in the form of steam, for instance. Electrified 
steam crackers are one example: their capacity utili-
sation can only be adjusted within narrow confines. 
In these cases, using battery storage systems could be 
one way to react to market signals.

Greater use of renewable energies through electri-
fication reduces the need for heat from industrial 
power plants. Sector coupling of energy and industry 
means that industrial power plants will operate more 
electricity- than heat-driven in future. In other 
words, they will primarily produce electricity – and 
will do so when production from renewable energies 
is low and market prices are correspondingly high. 
This new role can generally be expected to reduce the 
annual operating hours of industrial power plants. 

Fraunhofer ISI (2024)

Fuel and electricity demand of the European chemical industry  → Fig. 4  
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Industrial power plants should therefore be seen as 
part of an efficient electricity system and possibly 
switched to hydrogen in future to make them  climate 
neutral. Retrofitting carbon capture and storage 
(CCS) systems to industrial power plants entails a 
number of risks and disadvantages in this context: 
the upstream emissions from extracting fossil gas 
remain, and the direct emissions from burning fossil 
gas cannot be fully captured and stored either. Some 
uncertainty also surrounds the costs of CCS because 
the respective infrastructures still need to be built, 
the capacities of geological storage systems will 
clearly be limited and various branches of industry 
have high carbon storage needs (cf. Infobox on CCS: 
Carbon capture and storage in the chemical industry, 
pp. 18–19). In the chemical industry, CCS should be 
used chiefly in those areas for which no more effi-
cient alternatives appear available.

3.2	 Closing the material cycle 

The circular economy goes beyond mere recycling. 
Extending the useful life of products, building greater 
material efficiency into design and production and 
adopting new business models such as repair, reuse 
or sharing can all significantly reduce the demand 
for materials and resources. This not only lowers 

emissions across the entire value chain but also 
unlocks new value adding potential. Such measures 
reduce the quantity of waste from the outset and, 
alongside recycling, add an important dimension 
when it comes to preserving resources (cf. Agora 
Industry, Systemiq 2023).

To date, the carbon contained in chemical products 
is hardly ever retained within the cycle through 
recycling but instead is emitted into the atmosphere 
at the end of the product life cycle. Carbon is the 
central building block used to manufacture organic 
chemicals. Most of the carbon contained in these 
products currently originates from fossil resources. 
The German chemical industry requires around 
11 million tonnes of carbon per year, most of which 
is supplied by refineries and steam crackers that use 
naphtha, or in some cases liquefied petroleum gas 
(LPG) (Agora Industry 2023). Most plastic waste is 
still incinerated in Europe. Landfill sites are still com-
mon practice, especially outside Europe; this results 
in  climate-damaging methane emissions and causes 
harm to humans and the environment. Only a small 
proportion of waste plastics is currently recycled. 
Assuming that the carbon contained in products is 
emitted as CO₂ at the end of their useful life, end-of-
life emissions account for more than half of plastics’ 
total life-cycle emissions (Agora Industry 2023). 
Increased waste recycling would not only prevent 
emissions from being released into the atmosphere, 
but would also allow waste plastics to be used as a 
valuable resource.

Reusing plastic waste as a feedstock by recycling 
it mechanically – and to a limited extent chemi-
cally – plays a central role in improving resource 
efficiency and reducing the demand for new carbon. 
Mechanical and chemical recycling both feed car-
bons back into the production cycle at the end of the 
product’s life cycle (cf. Figure 6). To date, mechanical 
recycling of plastic products has been virtually the 
sole form of recycling practised: the waste products 
are sorted, cleaned and melted down, the  resulting 
recycled material then being used to make new 
products. Mechanical recycling leaves the molecular 
structure of the polymers largely intact. Though this 
makes the process relatively efficient, it also restricts 

Heat and electricity demand → Fig. 5
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the reusability of the resulting recycled materials: 
they can only be used to make high-grade products 
if the waste streams are very pure. Currently, how-
ever, recycled materials are typically used to manu-
facture simpler, less sophisticated products such as 
soundproof walls, pallets or cable ducts (Huckestein, 
Plesnivy 2000). That said, the PET bottle recycling 
system practised in Germany proves that product 
standards, along with collection and sorting systems, 
can achieve high recycling rates of nearly 100 per-
cent and recycled material reuse rates of over 50 per-
cent in the production of PET products (GVM 2024).

The existing potential for recycling is hardly being 
exploited at all so far. The actual rate of plastics 
recycling is estimated to be only around 15 percent 

at the European level (Agora Industry 2022). Sig-
nificantly higher figures in official statistics are 
deceptive because a large proportion of the plas-
tic waste is still rejected and incinerated during 
the sorting process. Furthermore, material flow 
analyses indicate that the actual volume of waste 
is structurally underestimated in Europe (Agora 
Industry 2023). Production and waste management 
must be improved considerably to achieve more 
efficient mechanical recycling of plastic waste. 
Plastic waste could be made more recyclable for 
example by optimising packaging designs (rather 
than using composite plastics that are difficult to 
remove or non-recyclable black plastics). Segre-
gating the collection of streams could also lead to 
higher-quality recycled materials.

Agora Industry and Carbon Minds (2023)
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CCS: Carbon capture and storage in the chemical industry 

Although capturing carbon can sometimes be a viable way of emissions abatement in chemical produc-
tion processes, it is only possible in certain applications – partly because injection capacities are limited. 
Recent analyses indicate that captured carbon injection capacities will remain limited in the short to me-
dium term (Agora Industry, Öko-Institut 2026). Storage projects with a total annual injection capacity of 
roughly 10 megatons (Mt) of CO₂ are either already in operation or have had a final investment decision 
approved. To cover the storage demand of 144 Mt of CO₂ per year envisaged for 2035 by the EU Com-
mission, all storage projects at an advanced stage of planning would need to be implemented – which 
seems overly optimistic from a logistic, technical and economic perspective. 

New projects or those not yet fully planned will not be in place until well after 2035 given that it takes 
ten years on average to develop a project. Considerable uncertainty thus surrounds the total storage 
capacity that will be available after 2030. The EU Commission’s ambitious S3  climate scenario expects 
annual storage demand to total around 250 Mt of CO₂ in 2045, which will require injection and storage 
capacities to be expanded substantially. The storage capacities of around 28 Mt of CO₂ per year that this 
study assumes will be needed by the German chemical industry thus amount to more than ten percent 
of the total injection capacities envisaged for the EU across all applications.

In addition, there are significant risks of unforeseen cost increases that could push the costs of CCS 
well beyond the currently assumed level. Updated cost estimates based on planning data suggest that 
the costs of transporting and storing CO₂ are often higher in practice than initially assumed – up to 
three times as high, in some cases. Current market data suggest that transport and storage costs can 
be assumed to total at least 80 euros per tonne of CO₂ (Agora Industry, Öko-Institut 2026). Experience 
from existing projects also shows that geological risks frequently become apparent only in the storage 
phase, which can lead to higher costs and lower capacities. Therefore, there is a risk that overly opti-
mistic cost estimates could make carbon capture appear less expensive than avoidance and that costs 
could rise considerably during the project’s development. 

Against this backdrop, CCS in the chemical industry should be used in two principal areas: for emissions 
that cannot be avoided by other means and in production processes in which biomass processing 
releases a surplus of biogenic CO₂. When biomass is turned into biobased methanol or ethanol, surplus 
CO₂ can be released at various points during the process. If this biogenic CO₂ is permanently stored, 
negative emissions can be achieved in the sense that CO₂ is permanently removed from the atmos-
phere. A growing proportion of biogenic carbon in incinerated waste likewise contributes to generating 
negative emissions via CCS.

Working out the appropriate dimensions of the CO₂ transport infrastructure is a balancing act: it must 
be able to transport decentralised (biogenic) CO₂ sources while at the same time being cost efficient. It 
makes sense to set up a CO₂ transport infrastructure in cases where larger amounts of CO₂ emissions 
occur that cannot be otherwise avoided. Converting biomass into methanol (biomass gasification and 
methanol synthesis), which is likely to happen on a more decentralised basis, poses one challenge. 
Signi ficant levels of biogenic CO₂ emissions can be expected here that can be used to generate nega-
tive emissions. If this cannot be done in direct proximity to the CO₂ infrastructure, transport by rail or 
even road to the nearest CO₂ hub can be considered, depending on the size of the plant.

→
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To produce plastic products that meet higher quality 
requirements, chemical recycling plays an important 
complementary role alongside mechanical recycling. 
Unlike mechanical recycling, chemical recycling 
is not yet being practised on an industrial scale. 
Chemical recycling breaks the plastic waste back 
down into its fundamental chemical components. 
These can then be turned into high-quality prod-
ucts more flexibly than is the case with mechanical 
recycling. Depending on the specific process used, 
the resources obtained by chemical recycling can 
be fed back into different stages of the production 
process (cf. Figure 6). Gasification and pyrolysis offer 
considerable potential in this context because they 
require relatively low-quality waste products and the 
synthesis gas and pyrolysis oil they produce can be 
used in methanol plants and steam crackers – i.e. in 
a wide range of applications in the chemical indus-
try. On the flip side, pyrolysis and gasification both 
consume large amounts of energy. Processes such as 
solvolysis (used for example to recycle mattresses) and 
depolymerisation are more energy efficient but offer 
lower potential because usable waste fractions are 
only available in limited quantities. Chemical recy-
cling methods should thus be regarded as comple-
mentary technologies that can be used when plastic 
waste (such as composite plastics) cannot be recycled 
mechanically. However, a significant proportion of 
plastic waste would not be recyclable even if technical 
recycling capacities were ramped up substantially 
because the way the plastics are used means that they 

cannot be collected separately or sorted into differ-
ent categories (for example in the case of adhesives, 
paints and certain composite plastics). 

Plastic waste that cannot be recycled should be 
avoided through intelligent product design or, 
where this is not possible, incinerated in com-
bination with carbon capture and storage (CCS). 
A product’s design has a crucial bearing on the 
recyclability of final products (“design for recy-
cling”). Even in the long term, however, some waste 
that cannot be reused in any other way will remain. 
Practising CCS at waste incineration plants is thus 
an important emission abatement strategy. 

A growing proportion of renewable carbon in non-
recyclable waste will see CCS at waste  incineration 
plants shift from being an emission abatement 
strategy to a means of generating negative emis-
sions. Carbon absorbed by biomass and temporarily 
stored in products can thus be permanently removed 
from the atmosphere, thereby helping to generate 
negative emissions. However, existing production 
structures involve a large proportion of the resulting 
products being exported abroad, making it impossible 
to determine whether they end up being recycled or 
incinerated with CCS. It is also important to realise 
that capture rates of 100 percent cannot be achieved 
in practice. To effectively avoid downstream fossil 
emissions, there is thus no alternative but to switch 
to renewable carbon sources (cf. Chapter 3.3).

Using CCS entails risks of fossil lock-ins. Establishing an extensive CCS infrastructure may incentivise 
longer operation of fossil-based plants even though fossil-free alternatives either already exist or soon 
will. One example is CCS at industrial gas-fired power plants in the chemical industry: in the long term, the 
most resource- and cost-efficient option when it comes to supplying process heat is to incorporate renew-
able energies, electrify processes and – to a minor extent – use green hydrogen flexibly. Setting up a CO₂ 
infrastructure and using CCS (initially on a temporary basis) at gas-fired power plants could undermine the 
process of integrating renewable energies and electrifying and flexibilising power plant capacity utilisation. 
Furthermore, expensive infrastructures would need to be built and CCS systems supported financially – at 
least at first – to ensure that they can be operated competitively. Using fossil gas is not compatible with 
 climate neutrality because its CO₂ emissions cannot be captured completely, even with CCS, and because 
it involves upstream methane emissions. As the goal is to transition completely to  climate neutrality over 
the next 20 years, it is possible in principle to use CCS as a transitional technology for avoiding fossil 
emissions, yet the high levels of investment this would require do not make it appear very promising.
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3.3	 Switching to renewable carbon

Current carbon needs cannot be met solely with 
closed carbon cycles. Recycling plastic waste is a 
fundamental means of supplying the carbon required 
to produce organic chemicals. At the same time, strat-
egies to reduce the demand for chemicals are needed. 
However, even a comprehensive circular economy 
approach cannot completely close the carbon cycle 
because a large proportion of the produced plastics are 
exported abroad and thus removed from the domestic 
carbon cycle. To reduce dependence on fossil resource 
imports and avoid fossil emissions at the end of the 
life cycle, the remaining demand for carbon must be 
met by switching to renewable sources. Using bio-
mass and carbon capture and use (CCU) are possible 
solutions here. CCU involves using CO₂ in combina-
tion with renewable hydrogen to produce basic chem-
icals such as methanol, formic acid or polyols. Figure 7 
provides a qualitative view of the levers to enable a 
complete switch from fossil to renewable carbon.

Using CO₂ as a resource (CCU) is highly cost inten-
sive and can only help mitigate  climate change 
when biogenic or atmospheric CO₂ is used. Large 
amounts of green hydrogen are needed to turn CO₂ 

into chemicals such as methanol. Green hydrogen 
in its turn requires large quantities of green electric-
ity and infrastructures involving high investment 
costs and will remain comparatively expensive 
for the foreseeable future. Capturing carbon also 
uses large amounts of energy, making it costly too. 
Direct air carbon capture and use (DACCU) is a very 
energy-intensive process because the concentration 
of CO₂ in the air is low. Though capturing and using 
fossil CO₂ at industrial point sources is less energy 
intensive than direct air capture, it does not contrib-
ute to mitigating  climate change: capturing fossil CO₂ 
and using it to produce chemicals merely delays its 
release into the atmosphere. In fact, using fossil point 
sources could even have a detrimental effect on 
 climate change mitigation if the associated techno-
logical lock-ins were to delay the phaseout of fossil 
energies. The EU’s Renewable Energy Directive also 
regards the use of CO₂ from fossil point sources as 
an interim solution at best. As the EU ETS I emission 
cap decreases to zero by 2040, this will also put an 
end to the option of using fossil CO₂ from industrial 
point sources via CCU and declaring it as avoided. 

Using biomass as a renewable carbon source still 
has great potential. To date, biomass has only been 
used to a minor extent as a resource for the chemical 
industry. The low level of existing biomass demand 
is mainly for directly producing special chemicals 
such as detergents, cleaning agents and lubricants. 
This primarily involves using fats and oils as feed-
stocks (accounting for some 47 percent of the biomass 
used as feedstock in the German chemical industry). 
Starch and sugar together make up around 17 percent 
of the biomass used as feedstock in the chemical 
industry, while cellulose accounts for roughly 15 per-
cent (Agora Industry 2023). 

However, biomass can be used in a significantly 
broader range of applications in the chemical indus-
try, which can be classified according to two differ-
ent approaches. Biomass can be used as the basis for 
creating drop-in chemicals such as biobased ethylene, 
in other words biobased basic chemicals or inter-
mediate products that are chemically identical to an 
existing fossil-based chemical. These intermediate 
products can be seamlessly integrated into existing 

Levers for the switch to  → Fig. 7 
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downstream process chains, require no changes to 
be made to the processes, infrastructures or product 
properties in the downstream value chain and serve 
an existing market. Various methods are available to 
manufacture these intermediate products: gasifica-
tion and fermentation, which were considered in the 
modelling done for the purposes of this study, can be 
used to produce synthesis gas, methanol and ethanol, 
which can then be turned for example into  ethylene 
in a subsequent stage. Alternatively, innovative 
biochemical product alternatives can be developed 
that have no identical fossil-based equivalent but 
offer comparable or even superior product character-
istics. Since such methods are tailored to the type of 
biomass used, they may under certain circumstances 
be able to use it considerably more efficiently. In 
some cases, they require new production routes and 
markets to be established. Additional research and 
access to capital will be needed to expand the product 
range of and applications for these innovative meth-
ods and to scale them up to a large industrial level. For 
biomass to become a sustainable alternative means of 
meeting carbon demand in the medium to long term, 
more sustainable biomass must be made available 
(cf. Infobox on Availability of sustainable biomass in 
Germany, pp. 22–23). 

Biomass can be processed using different methods 
according to the types of biomass in question and 
the product desired. Established ways of produc-
ing bioethanol and biogas include biotechnologi-
cal processes such as fermenting sugar and starch 
and the anaerobic digestion of waste products and 
residual substances. In the case of residual sub-
stances, however, this has so far tended to involve 
mainly wet biogenic waste from agriculture (such as 
liquid manure), while lignocellulosic biomass (such 
as wood and straw) needs to be pretreated before it 
can be fermented and used to produce chemicals. The 
fermentation route can be used to turn biomass into 
bioethanol that is subsequently dehydrated to make 
biobased ethylene, which in terms of its material 
properties is identical to fossil ethylene. Biomass can 
also be fermented to produce alternative biochemi-
cals or bioplastics, that is to say novel products that 
specifically take advantage of the characteristics of 
the biomass – such as polylactic acid (PLA). Thermo-
chemical processes such as pyrolysis and gasification 
are another alternative to processing biomass by 
biotechnological means. Both processes involve using 
large amounts of energy – i.e. high pressure and high 
temperatures – to break the molecular structures in 
the biomass down into their chemical constituent 

Technology pathways for producing biobased chemical products → Fig. 8

Agora Industry and Carbon Minds (2023)
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Availability of sustainable biomass in Germany 

Around 185 Mt of dry matter (DM) biomass are produced or mobilised in Germany each year.5 Most 
of this is used as animal feed (approx. 45 percent) or to generate bioenergy (approx. 25 percent). 
Only just under a fifth of domestic biomass is used as a feedstock, this being for the most part wood 
products. To assess the potential for the chemical industry to use biomass in an ecologically viable 
manner, three different sources of the various biomass types available can be identified: previously 
unused biogenic residues, existing biomass streams reassigned to other areas of application, and 
new biomass potential. It is challenging from a methodological viewpoint to assess how much unex-
ploited potential biomass has, and only few reliable data sources are available to date. In the forestry 
and timber sector, waste wood is generated when timber is harvested (residual forest wood, bark), 
in sawmills (sawdust) and when timber is processed. When the use of waste wood as a feedstock 
and to generate energy was initially analysed in 2020, it was found that the current potential for 
using waste wood is already being almost fully exploited (Mantau 2023). By contrast, untapped 
yet mobilisable potential can be found above all in agricultural by-products and waste – at roughly 
16.8 Mt of DM – and in residential waste and sewage sludge – at roughly 6.8 Mt of DM (Hennenberg 
et al. 2023). 

Reassigning biomass streams and land use offers particular potential in situations where their use 
for energy generation can be replaced in the next decades by more efficient,  climate-friendly alterna-
tives. Around two million hectares of arable land in Germany are currently used to grow energy crops. 
These crops are mainly cultivated to generate biogas for electricity and heat production or to produce 
fuels for the transport sector. By gradually phasing out these arable crops, conflicts over land use could 
be defused and perennials – which can be used in the chemical industry and also use the land more 
sustainably – could be grown instead. To reassign existing agricultural land in a sustainable manner, 
one option would be to expand areas planted with fast-growing trees to create agroforestry systems 
or short rotation coppices. This form of land use has positive knock-on effects on biodiversity, erosion 
protection,  climate adaptation and environmental nitrogen pollution. Paludiculture could provide anoth-
er source of sustainable biomass in the medium term. To achieve  climate neutrality in Germany, a large 
proportion of the peatlands used for agricultural purposes, covering an area of over a million hectares, 
needs to be rewetted. Plants such as reed and bullrush can be grown on the rewetted areas to pro-
duce biomass for use as feedstock. 

The Climate-neutral Germany scenario modelling carried out by Agora Think Tanks illustrates how ex-
isting biomass and land use could be efficiently restructured in Germany in a way that overall demand 
remains constant while meeting new demand in industry at the same time (cf. Figure 9, Agora Think 
Tanks 2024). In this scenario, the use of biogas in the energy sector is scaled back in the long term and 
solid biomass is used to a limited extent in combined heat and power (CHP) systems for heat networks 
not connected to the hydrogen infrastructure. In the transport sector, biofuels will be used less for road 
transport as the number of electric vehicles increases and will be used in shipping and aviation instead. 
In the buildings sector, the biomass used to generate energy will be replaced to a certain extent by 
cheaper heat pumps. At the same time, wood will be used more for construction, which will also con-
tribute to long-term CO₂ storage in buildings.

→

5	 Based on the Bioökonomie-Monitoring 2015 (Bringezu et al. 2020); the orders of magnitude still apply
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parts to obtain usable precursors. Pyrolysis produces 
an oil that can be used in steam crackers in much the 
same way as that resulting from the pyrolysis of plas-
tic waste. Gasification of biomass leads to a synthe-
sis gas that can be turned into biobased methanol or 
green naphtha (Fischer-Tropsch naphtha).5

The actual demand for and cost effectiveness of using 
biomass depend on a number of factors. One crucial 
factor is the biomass price, which is determined to a 
large extent by the type of biomass, its quality and the 
sustainability criteria it meets. Logistics is another 
important cost factor: the economies of scale that 
can be achieved by building and operating plants will 
be offset by the additional costs incurred by longer 

5	

transport routes. Robust reference figures for the 
processing costs are already available for established 
methods such as ethanol synthesis and biogas facili-
ties. However, other variables need to be factored into 
the equation for methods that have not yet been rolled 
out on a large scale, such as gasification and methanol 
synthesis: like methanol, biomass comprises mainly 
carbon, hydrogen and oxygen, though methanol con-
tains more hydrogen per carbon unit. To achieve the 
desired ratio of hydrogen to carbon, either hydrogen 
can be added during gasification or carbon – in the 
form of CO₂ – can be removed (cf. Figure 10). Removing 
CO₂ during gasification lowers the amount of metha-
nol that will be obtained per unit of biomass used. The 
advantage of adding green hydrogen will therefore 

Other sectors apart from the chemical industry – such as the metals industry – will also require renew-
able carbon in future. What is more, the degree to which biogenic resources can be used depends on 
the type of biomass, so a detailed analysis of untapped potential by type of biomass, geographical dis-
tribution and suitability for different industrial processes needs to be carried out. Given that biomass is 
available in limited quantities and demand for it is growing, existing material streams should be used as 
efficiently as possible and greater priority accorded to cascading their use. In other words, biomass must 
mainly be used in situations that offer no alternative or more efficient defossilisation options. Further-
more, the goal must be to use biomass multiple times and recycle it. It should only be used to generate 
energy at the end of this cascade.

Agora Energiewende, Prognos, Öko-Institut, Wuppertal Institut and Universität Kassel (2024). *except construction timber

Use of biomass in different sectors* in the climate-neutral  → Fig. 9 
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depend on its price and availability. If large quanti-
ties of biomass are available, the carbon demand of 
the chemical industry can also be met by relatively 
small amounts of hydrogen, which in turn will result 
in larger quantities of biogenic CO₂ emissions. By 
contrast, larger amounts of hydrogen will be required 

if the availability of biomass is severely limited. The 
possibility of transporting the released biogenic 
CO₂ away will also influence how cost effective 
future methanol  projects will be because this has the 
potential to generate income by producing negative 
emissions.

Synergies between a bio-based chemical industry and more sustainable land use 

Exploiting new renewable carbon sources for the chemical industry can contribute significantly to 
biomass and agricultural land being used more sustainably. It is important in this context to consider 
the ways in which demand for various biobased resources affects the way land is used in agriculture 
and forestry. Agriculture, forestry and food in a  climate neutral EU, a study carried out by Agora Agricul-
ture, highlights one possible scenario for transitioning to  climate neutrality in European agriculture and 
forestry (Agora Agriculture 2024). If demand for animal feed falls and annual energy crops are no longer 
grown, eight percent of agricultural land could be used for fast-growing trees or grasses – such as 
poplars or miscanthus – with a high carbon yield per hectare. Such trees will increase the supply of solid 
biomass by comparison with 2020, ensuring that sufficient solid biomass is available by 2045 to meet 
the remaining demand for generating energy and for the chemical industry to use as a resource. 

Through its demand for lignocellulosic and/or woody biomass, the chemical industry can support the 
 sustainable transformation of agriculture and forestry. As far as cultivated biomass is concerned, ligno-
cellulosic biomass can be produced in a far more environmentally friendly manner than for example 
starch, sugar or vegetable oils. Fast-growing trees and grasses have a number of ecological advantages 
over annual arable crops: in addition to the harvested biomass, carbon is sequestered in the soil, fertil-
isers and pesticides aren’t generally necessary and the plants potentially contribute to protecting against 
erosion, improving biodiversity and adapting to  climate change. Though annual arable crops such as sug-
ar, starch or vegetable oil could conceivably be used for the chemical industry, their pros and cons should 
be carefully weighed up, especially given the way they directly and indirectly change land use. 

Vegetable oils have traditionally been processed in the speciality chemicals sector and will continue to 
play an important role in future. However, the properties of the oils obtained from annual arable crops, 
which often make them favourable for processing in the chemical industry, must be weighed against po-
tentially disadvantageous environmental impacts. Direct and indirect land-use changes can substantially 
reduce the emission savings to be gained by the chemical industry switching to biomass, or may even 
increase emissions on balance. Indirect land-use changes that have a harmful effect on the  climate are 
less likely when lignocellulosic biomass is grown rather than other arable crops, so this type of biomass 
should be prioritised (Valin et al. 2015). The advantage of growing biomass in Germany is that sustainability 
requirements can be transparently monitored and met. 

Financial incentives and predictability are needed to encourage agricultural businesses to begin produc-
ing biomass for the chemical industry. One important step is to create markets for renewable chemicals 
so that people are willing to pay for sustainable biomass. Furthermore, revenues obtained by generating 
negative emissions and performing other environmental services (such as increasing biodiversity, pro-
tecting against erosion and adapting to  climate change) can help make it profitable to cultivate lignocel-
lulosic biomass.

→
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Using biogenic carbon sources offers important 
potential to generate negative emissions. When bio-
mass is turned into biobased platform chemicals, part 
of the carbon it contains is stored in products while 

another part is released as biogenic CO₂ emissions. 
Capturing this CO₂ and storing it geologically ensures 
that the CO₂ previously absorbed by the biomass 
is permanently stored and translated into negative 

Increasing biomethanol yield by adding hydrogen → Fig. 10

Agora Industry (2025). Schematic representation
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The role negative emissions play in achieving  climate targets 

Even if a consistent transition to renewable energies and resources is achieved, residual greenhouse 
gas emissions will remain in some areas of society. The Agora Think Tanks study Climate-neutral 
Germany calculates that residual emissions totalling around 23.4 million tonnes of carbon equivalents 
would remain in agriculture in 2045 even in an ambitious transformation scenario (Agora Think Tanks 
2024). Unavoidable residual emissions are likely to remain in industry, primarily due to uncaptured pro-
cess emissions, the use of fluorinated greenhouse gases, and product use. The value chains of chemical 
products also involve virtually unavoidable greenhouse gas emissions at certain points that will need to 
be offset elsewhere – such as nitrous oxide emissions when fertilisers are used in agricultural settings 
or as a result of certain chemical reactions. If  climate targets are to be achieved, in other words, merely 
avoiding or reducing emissions is not enough – steps will additionally be needed to actively remove 
CO₂ from the atmosphere and store it permanently.

The EU’s  climate targets and Germany’s  climate strategy aim at already generating negative emissions 
from 2030. In principle, natural and technological carbon sinks are conceivable ways to generate neg-
ative emissions. With ecosystems already seriously overburdened, considerable uncertainty surrounds 
the carbon sink capacity of forests and oceans. Assuming that existing agricultural systems will be am-
bitiously transformed and extensive measures taken to strengthen forests, peatlands and agroforestry 
systems, and taking calamities into account, the modelling carried out for the Climate-neutral Germany 
study predicts an annual sink capacity of 35 Mt of CO₂ in 2045. Technological sinks must therefore be 
developed – for example by using sustainable biomass or synthetic resources based on atmospheric 
CO₂ combined with CCS – in order to achieve the required sink capacities.

→
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emissions. It is important in this context to factor in 
the emission balance of the biomass. To achieve nega-
tive emissions, the biomass used must be sustainable. 
The carbon footprint of biomass depends on numerous 
factors. Additional demand, especially for agricultur-
ally produced biomass, can lead to indirect and disad-
vantageous land-use changes that can significantly 
worsen its actual carbon footprint. When biomass is 
obtained from forests, the effects this will have on the 
forest’s carbon sink capacity need to be considered. 
To generate negative emissions when ramping up the 
use of biomass in the chemical industry, it must be 
ensured that the biomass contributes to a sustainable 
shift in land use – by implementing comprehensive 
strategies, regulations and standards.

3.4	 The role of hydrogen to comple-
ment electrification, recycling and 
biomass 

Climate-neutral hydrogen can play its part in trans-
forming the chemical industry’s energy production 
and feedstock practices, complementing the process 
of electrifying energy demand and transitioning to 
recycling and biomass use. Grey hydrogen based on 
fossil resources is already widely used to produce 
ammonia for fertilisers, in refineries and in smaller 
quantities to produce methanol. Most of this hydro-
gen is obtained from fossil gas and water by reforming 
methane, a process that results in high greenhouse gas 
emissions. Ammonia production is the biggest indus-
trial consumer of fossil gas on account of its high 
hydrogen demand. In Germany, ammonia production 
is concentrated at just four sites (cf. Figure 11). Hydro-
gen is also used in smaller quantities for hydrogenat-
ing oils and fats and as an additive in other chemicals 
production processes. In future, these hydrogen needs 
will have to be met by switching to  climate-neutral 
hydrogen. In addition to these existing needs, the 
transformation will also generate additional demand 
for hydrogen for feedstock use and to produce energy. 

Because it already uses hydrogen, to produce ammo-
nia in particular, the chemical industry can play an 
important anchoring role when it comes to scaling up 
the hydrogen economy. Using renewable hydrogen 

in German ammonia production can contribute 
significantly to making domestic fertiliser produc-
tion more resilient while at the same time moving it 
towards  climate neutrality. Since the grey hydrogen 
used in existing production processes can be par-
tially or completely replaced by green hydrogen, the 
ammonia sector can create predictable demand for 
green hydrogen and simultaneously achieve high 
emission reductions. However, this will require 
additional investments in infrastructures to generate, 
transport and store hydrogen. One alternative would 
be to import either the fertilisers themselves or the 
ammonia needed to produce them. This could have 
advantages in terms of costs, but would leave current 
import dependencies in place and indeed increase 
them. If on the other hand green hydrogen were used 
to at least partially decarbonise ammonia production, 
this could potentially boost overall economic resil-
ience and domestic production and play a central part 
in scaling up the hydrogen economy. Even switching 

Sites of ammonia production  → Fig. 11 
and planned route of hydrogen  
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just part of current ammonia production to green 
hydrogen would generate substantial and  reliable 
demand for green hydrogen – thereby offering 
investment incentives for actors across the hydro gen 
value chain. 

A  climate-neutral chemical industry creates addi-
tional demand for hydrogen, especially for produc-
ing methanol. Hydrogen can be used to increase 
product yields when processing biomass and plastic 
waste (chemical recycling). Adding hydrogen helps 
more carbon to be stored in products and less emit-
ted in the form of CO₂. Using hydrogen as a feedstock 
for methanol production can therefore contribute 
considerably to increasing efficiency in domestic 
resource use. This applies in particular to sites that 
are to be connected early on to the hydrogen back-
bone or at which larger quantities of biomass and 
plastic waste are to be processed.

To a minor extent, hydrogen can also be a useful 
means of generating process energy. Direct elec-
trification to cover the lion’s share of process heat 
demand in the chemical industry is technically 
feasible by 2035 and represents the most cost-
efficient option for  climate-neutral process heat. 
Industrial power plants (combined heat and power 
plants, CHP) will continue to be part of chemical 
plants in the future and will need to be converted 
to  hydrogen. Price incentives on the electricity 
market will encourage these plants to gear their 
 operations more towards the electricity system in 
future, which will make them more flexible. There 
may also be certain applications in which direct 
electrification is either not technically feasible or 
economically inefficient. Locally produced hydro-
gen can also meet the resulting demand if the plant 
in question is not connected to the core hydrogen 
network. 
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4	 Methodological overview and scenario definition

In theory, the key strategies of electrification, a 
circular economy and renewable carbon sources 
are useful means of improving the emission bal-
ance of the chemical industry. If combined with 
efficient carbon management involving the coor-
dinated use of hydrogen and CCS, negative emis-
sions can be achieved. Furthermore, switching to 
renewable energies and resources will potentially 
make Germany’s chemical industry more resil-
ient. Ultimately, however, the resource demand and 
costs will determine whether a technically feasible 
transformation path can actually be accomplished 
in practice. The impact on employment and value 
adding will determine the degree to which the 
transition is accepted.

The technology and resource paths outlined in this 
study analyse how these key strategies could be 
implemented, taking their investment and running 
costs, employment and value creation into account. 
The study aims to provide insights into the costs and 
benefits of improved resilience and into the poten-
tial for negative emissions. It will identify trade-offs 
between different technology paths and highlight 
robust strategies for the transformation.

The basic assumption underlying all the scenarios 
is that the chemical industry in Germany will be 
retained in all its diversity. The demand for indi-
vidual final products is expected to decline slightly, 
partly because material will be used more efficiently 
or substituted by other materials. In all scenarios, 
the quantities of basic and intermediary products 
produced will decrease by 0.6 percent per year, 
while the quantity of polymers produced will drop 
by 0.2 percent per year. 

Three resource paths explore different technolog-
ical approaches and the effects of phasing fossil 
resources out completely. Two resource paths assume 
that the carbon basis would be completely defossil-
ised and that domestically produced resources would 
be used to a much greater extent: 

→	The “domestic biomass” resource path envisages 
domestic biomass being extensively used as a 
carbon source. It assumes that sustainable bio-
mass will be made much more widely available 
to the chemical industry. 

→	The “domestic hydrogen” resource path involves 
the chemical industry switching to widespread use 
of domestically produced hydrogen and biogenic or 
atmospheric CO₂ to meet its carbon needs. 

A third resource path explores a partial switch to 
renewable resources. 

→	The “partly fossil” path still allows fossil resources 
to be used to meet carbon demand. To achieve 
climate neutrality nonetheless, this scenario 
envisages a slightly larger geological storage 
capacity for CO₂. 

Three import scenarios investigate how the Ger-
man chemical industry could take advantage of 
the lower costs offered by international trade and 
how this would affect domestic employment and 
resource demand. The scenarios investigate the 
option of importing  climate-neutral basic chemi-
cals and intermediate products at various stages of 
the value chain: hydrogen; intermediate products 
such as methanol, ethanol and ammonia; and basic 
and/or high-value chemicals (HVC). The analysis 
assumes that foreign production would reduce 
energy and resource costs by a factor of 0.7. In 
order to preserve the full diversity of the chemi-
cal industry in Germany and ensure a high degree 
of strategic autonomy, the import quota for each 
product under consideration is capped at 30 per-
cent. Table 1 provides an overview of the various 
scenarios and central parameters. A more detailed 
breakdown can be found in Annex 7.3.

The modelling approach analyses cost-optimised 
paths to reaching the defined emission reduc-
tion targets under the assumed scenario-specific 
conditions. A linear optimisation model combines 
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Scenario overview → Table 1

Scenario Description Key model assumptions and parameters

“Partly fossil” 
resource path

The chemical industry achieves 
 climate neutrality by 2045 but 
remains dependent on imported 
fossil resources to meet parts of 
its carbon demand. To achieve 
 climate neutrality  nonetheless, 
higher CCS capacities will be 
needed – however, these cannot be 
used at the same time to achieve 
necessary negative emissions. 

Use of fossil resources

Available resources imports Fossil resources

Available biomass 24.8 Mt of dry matter

GHG target 2045 (CO₂eq) Climate-neutral (0 Mt)

CCS capacity 29.3 Mt CO₂

“Domestic 
hydrogen” 
resource path

The transformation focuses on 
using hydrogen and supplying 
carbon via DAC and CCU. Limited 
biomass can only meet a limited 
share of the carbon demand. The 
chemical value chain generates 
negative emissions that can off set 
unavoidable residual emissions in 
other sectors.

Use of fossil resources

Available resources imports

Available biomass 4.7 Mt of dry matter 

GHG target 2045 (CO₂eq) Climate-positive (-15 Mt)

CCS capacity 27.7 Mt CO₂

“Domestic 
biomass” 
resource path

The transformation focuses on the 
optimal use of domestic biomass 
potential. Biomass can meet a 
larger share of the chemical indus-
try’s carbon demand. The chemical 
industry generates negative emis-
sions that can off set unavoidable 
residual emissions in other sectors.

Use of fossil resources

Available resources imports

Available biomass 24.8 Mt of dry matter

GHG target 2045 (CO₂eq) Climate-positive (-15 Mt)

CCS capacity 27.7 Mt CO₂

“Hydrogen” 
import scenario

This scenario is based on the 
“domestic biomass” resource path. 
To a limited extent, hydrogen can 
be additionally imported by pipe-
line. 

Use of fossil resources

Available resources imports 
in 2045 33 TWh of hydrogen

Available biomass 24.8 Mt of dry matter

GHG target 2045 (CO₂eq) Climate-positive (-15 Mt)

CCS capacity 27.7 Mt CO₂

“Intermediate 
products” 
import scenario

This scenario is based on the 
“domestic biomass” resource path. 
To a limited extent, hydrogen can 
be additionally imported by pipe-
line and hydrogen derivatives by 
ship. 

Use of fossil resources

Available resources imports 
in 2045

33 TWh of hydrogen, 
1 Mt of ammonia, 
9 Mt of bio-/CCU methanol, 
8 Mt of bioethanol

Available biomass 24.8 Mt of dry matter

GHG target 2045 (CO₂eq) Climate-positive (-15 Mt)

CCS capacity 27.7 Mt CO₂

“HVC” import 
scenario

This scenario is based on the 
“domestic biomass” resource path. 
To a limited extent, hydrogen can 
be additionally imported by pipe-
line and hydrogen derivatives and 
high-value chemicals (HVC) by ship.

Use of fossil resources

Available resources imports 
in 2045

33 TWh of hydrogen, 
1 Mt of ammonia, 
9 Mt of bio-/ CCU methanol, 
8 Mt of bioethanol, 
4.4 Mt of biogenic HVC

Available biomass 24.8 Mt of dry matter

GHG target 2045 (CO₂eq) Climate-positive (-15 Mt)

CCS capacity 27.7 Mt CO₂

Agora Industriy, Carbon Minds, Fraunhofer IKTS (2025)
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technologies and their capacities with the goal of 
minimising the total cumulative costs of all pro-
cesses over the period 2025 to 2045 – taking all 
lifecycle emissions into account. Various constraints 
must be factored into the equation to do this; these 
include a fixed annual greenhouse gas emission 
budget, CO₂ storage capacities or the availability of 
 climate-neutral imports. The resource and energy 
prices include not only the necessary invest-
ments (CAPEX) but also the annual operating costs 
(OPEX) and required expenditure on upstream value 
chains – for example to expand electricity grids, the 
costs of which are indirectly incurred via the elec-
tricity price. 

The modelling takes a life-cycle view of the 
industry’s emissions. This encompasses not only 
the emissions incurred when the chemicals are 
produced but also those generated when resources 
are extracted and during treatment at the end of 
the product’s life (e.g. waste treatment by means of 
recycling or incineration). Bottom-up modelling of 
the chemical value chains is used to calculate the 
total emissions across the life cycle. The focus is on 
modelling the production of basic chemicals and the 
downstream value chains of selected plastics. The 
further processing of chemicals – such as fertil-
isers, rubber, acrylics, polyurethanes – is taken into 
account indirectly on the basis of the demand for 
the intermediate products it requires. 

The chemical industry’s potential to generate neg-
ative emissions is also considered. In five of the six 
scenarios studied, it was assumed that the chemical 
industry would achieve 15 Mt of negative emissions 

per year by 2045.6 Only in the “partly fossil” resource 
path no net-negative emissions are generated. 
CCS is capped at a total of around 28 Mt in 2045, a 
distinction being made in this context between CCS 
during waste incineration and that during chemi-
cals production. Since the chemical industry exports 
around two thirds of its products, meaning they are 
not available for geological storage when incinerated 
at the end of their life cycles, the maximum CCS use 
during waste incineration is limited to around 14 Mt 
of CO₂ per year. This equates to the carbon content of 
that part of production which remains in Germany. 
Another 14 Mt of CO₂ are earmarked for the capture 
of process emissions.

A subsequent step analysed the effects on employ-
ment and value creation. Direct employment effects 
were calculated by performing a techno-economic 
analysis of the employment intensities (number 
of full-time employees per production unit) of the 
production technologies used and of the modelled 
production quantities. The value-adding effects are 
obtained by multiplying the projected employment 
figures by the value-adding intensities. In addition to 
the direct effects of chemical production on domestic 
value adding, the induced value-adding effects were 
also determined, i.e. the additional economic output 
created when wages are spent in other economic 
sectors. Annex 7.2 provides further details of how 
the employment and value-adding effects were 
calculated. 

6	 This figure was calculated on the basis of a fundamental estimate 
of the total technical potential for negative emissions based on the 
carbon quantities contained in the biomass available. 
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5	 Modelling results: transformation scenarios  
for the chemical industry

Using domestic resources rather than imported 
ones increases resilience, stimulates innovation 
and creates potential for additional value and 
jobs. Using domestic resources and establishing 
new value chains in the bioeconomy and waste 
management sector can lead to new and innova-
tive products and business segments. By insourc-
ing the resource basis, parts of the upstream 
value chains are incorporated into the domestic 
economy – the fact that fossil resources have been 
imported to date means that most of this value has 
been added abroad. At the same time, transform-
ing the resource basis will incur additional costs 
that are almost impossible to avoid. However, 
these additional costs must be considered along-
side potential value added, projected job creation 
and greater resilience. Furthermore, the costs of 
fossil resources have not been adequately priced 
in to date, meaning that society as a whole has 
paid the price. Switching to renewable carbon 

sources also presents an opportunity to  promote 
sustainable land use and generate negative 
emissions. 

In principle, it is possible to switch completely 
from importing fossil imports to using domestic 
resources. However, there is a “sweet spot” that 
can be identified by undertaking an integrated 
analysis of the investment and operating costs 
and the effects on value creation and employment: 
combining limited domestic biomass and recycling 
resources with imported intermediate products 
such as ammonia, methanol and ethanol can reduce 
the costs substantially – without sacrificing the 
additional value and job creation in the bioeconomy 
and waste management sectors. Every additional 
tonne of domestic plastic waste and sustainable 
biomass used thus makes a cost-efficient contribu-
tion to reducing emissions while at the same time 
creating new jobs and value.
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5.1	 Electrifying energy demand 

The basic chemical industry today is character-
ized by a high degree of integration in terms of 
energy and resource use. A number of chemical 
processes take place at high temperatures of over 
500 degrees Celsius and give off waste heat. A sub-
stantial proportion of this released energy is then 
used within the chemicals plant to meet the demand 
for heat at lower temperatures (heat integration). 
Within the current basic chemicals production 
structure, energy integration and recovery cover 
about three-quarters of the process heat demand 
in the modelled processes. Energy sources exclu-
sively used for heat generation cover only around 
one quarter of the heat demand. This heat supply, 
however, is currently almost entirely based on fossil 
fuels (above all fossil gas), with biomass account-
ing for less than one percent of the total process 
energy demand. Thus, the energy transformation 
of the chemical industry faces two key challenges. 
First, industrial power and heat supply must switch 
from fossil to renewable energy sources for gener-
ating process heat. Secondly, the transition of the 
chemical industry from fossil to renewable feed-
stocks reduces the significance of steam crackers 
and other exothermic reactions – processes that 
have traditionally provided a significant portion of 
the industry’s energy demand through waste heat 
recovery. Consequently, the process energy that was 
previously obtained from waste heat will have to be 
supplied by renewable sources. 

The electricity and heat demand of the processes 
in question will be supplied entirely by renewable 
electricity or by waste heat from  climate-neutral 
processes by 2045. Against the backdrop of the 
associated cost and emission savings, the model 
results show that energy integration and energy 
recovery are initially expanded to further exploit 
resource efficiency potential. As electrification 
technologies become increasingly competitive (par-
ticularly due to technological advances and a slight 
decline in electricity prices), electricity will become 
widely used as an efficient and low-cost decarbon-
isation option. Fossil energy demand will switch 
completely to electricity-based processes by 2045. 

Electric boilers will play a key role in generating 
steam at temperatures above 200 degrees Celsius, 
while industrial heat pumps will increasingly be 
used for temperatures below 200 degrees Celsius. 
The use of biomass and waste also offers considera-
ble potential for energy integration, for example via 
pyrolysis and gasification. For cost reasons, using 
biomass and hydrogen solely for energy purposes 
plays a minor role in supplying energy in all mod-
elled resource paths. Only in the “partly fossil” 
resource path, part of the available biomass is used 
to generate process heat. Even in this resource path, 
however, fossil resources are only used to a very low 
extent to generate process heat; instead, they are 
primarily used to meet the demand for fossil carbon. 

At first glance, using defossilised resources nom-
inally increases the demand for process energy. 
However, this is only the case because part of the 
heat demand is covered by integrated resource and 
energy use when fossil resources are used. Steam 
crackers, which generally require temperatures of 
800 to 850 degrees Celsius, account for a major share 
of the high-temperature demand in the chemical 
industry at present. Fuel gases that occur as by-prod-
ucts in the steam cracking process are used as energy 
sources. This releases waste heat at high tempera-
tures that can be used in other processes on-site. By 
completely defossilising carbon feedstocks, processes 
based on renewable resources – such as the methanol 
and ethanol routes – will become increasingly impor-
tant and replace most of the existing steam cracker 
capacities. These processes normally run at temper-
atures of 300 to 450 degrees Celsius and have lower 
waste heat potential (Schorn 2024). In the fossil-free 
resource paths, greater direct electrification of process 
heat demand compensates for the resulting loss of 
waste heat. 

Replacing fossil fuels is expected to drive up the 
electricity demand of the chemical industry by 
2045 – producing hydrogen and capturing carbon 
(indirectly via the demand for heat) will particularly 
increase the demand for electricity. Direct electri-
fication of the energy needed to generate steam is 
associated with an efficiency gain. In the “domestic 
biomass” resource path, the primary energy demand 
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for generating process heat (discounting the electric-
ity required for producing hydrogen, since hydrogen 
is used as a feedstock) declines by 13 percent com-
pared to the status quo. The efficiency gains may turn 
out to be even greater in some production processes. 
When it comes to generating steam at temperatures 
below 200 degrees Celsius, heat pumps can save up 
to 50 percent of the primary energy by comparison 
with conventional gas boilers (Agora Industry, Future 
Camp 2022). The electricity needed to supply heat 
directly will increase from close to zero at present to 
an average of 18 terawatt hours in 2045.7 Renewa-
ble electricity will be increasingly integrated – not 
only to meet the demand for heat – and will gradually 
replace the CHP systems currently used to produce 
heat. Depending on the scenario, an additional 22 to 
24 terawatt hours of renewable electricity will be 
obtained to cover other electricity demand in 2045.8

The amount of domestically produced hydrogen used 
will significantly affect the total amount of electricity 
required to produce basic chemicals. Even if exten-
sive advantage is taken of the potential offered by 

7	 This does not include the electricity needed to produce hydrogen, 
as this will be viewed separately.

8	 By comparison, “other electricity demand” in the modelled pro-
cesses currently amounts to some 11 terawatt hours.

domestic biomass, 95 terawatt hours of electricity for 
electrolysis will be needed to produce hydrogen in the 
“domestic biomass” resource path. Hydrogen is used 
above all to increase product yields when producing 
methanol (cf. Figure 10). The electricity required to 
produce hydrogen in the “domestic hydrogen” resource 
path is 2.3 times as high (226 terawatt hours).9 The 
lowest hydrogen demand is found in the “partly fossil” 
resource path and in the “intermediate product” and 
“HVC” import scenarios because the amount of chem-
icals needed can also be achieved without increasing 
the biomethanol yield by adding hydrogen.

5.2	 Switching to recycled and 
renewable carbon

Besides transforming its energy demand, the chemi
cal industry faces the special challenge of switching 
from fossil to recycled and renewable sources to 
meet its carbon demand. Across the entire life cycle, 

9	 The import scenarios under review show that domestic hydrogen 
is replaced by imported hydrogen derivatives and/or high-value 
chemicals if intermediate product or HVC imports are available at 
the assumed price saving (i.e. at 70 percent of domestic production 
costs, plus transport costs). In these scenarios there is no demand 
for domestically produced hydrogen in the chemical indus-
try – any hydrogen that is needed is imported via pipeline.
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up- and downstream emissions are roughly up to 
three times higher than the direct emissions gen-
erated by production. Downstream emissions alone 
are estimated to account for up to 60 percent of total 
emissions (Agora Industry 2023). As these emissions 
often occur abroad due to the highly export-oriented 
nature of the German chemical industry, they can 
only be partially avoided through improved recycling 
or waste incineration with CCS within Germany 
when the entire life cycle is taken into account. 
Only by switching entirely from fossil to renewable 
carbons can fossil emissions be avoided completely 
(cf. Chapter 3.3).

Switching completely from fossil to renewable 
carbon is possible – but requires the various avail-
able options to be efficiently combined. Around 
11 Mt of carbon are currently needed to produce basic 
chemicals, which consumes approximately 210 tera
watt hours of fossil resources. This total demand 
can be assumed to decline slightly by 2045 thanks 
to a slight drop in the production of basic chemicals 
and the substitution of plastics in the packaging and 
buildings sectors. Biomass, atmospheric carbon via 
direct air capture (DAC), plastic waste recycling or 
carbon capture and use (CCU) can be used to switch 

the resource basis to renewable carbon.  Furthermore, 
green hydrogen derivatives such as ammonia, meth-
anol or ethanol can be imported to produce basic 
chemicals, as can green intermediate products such 
as ethylene and propylene. All the scenarios under 
review combine these different resource options to 
cover future carbon needs; none of the options has 
sufficient capacity to completely meet the demand 
for carbon on its own. Even if the rapidly growing 
potential for recycling is largely exploited and bio-
mass is extensively used, roughly 20 percent of the 
total demand for carbon will remain; this will have to 
be met either by producing synthetic methanol on the 
basis of hydrogen and captured carbon or by import-
ing renewable intermediate products.

Using biomass and recycling as domestic carbon 
sources is at the centre of all resource paths and 
import scenarios under review. Even if low-cost 
green intermediate products can be imported, the 
existing domestic potential will be almost fully 
exploited. In the scenarios under review, the use 
of biomass and recycling is clearly a cost-efficient 
option for supplying fossil-free carbon. Almost all 
scenarios envisage complete advantage being taken 
of the available biomass potential. Only if fossil 
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resources continue to be used to a limited extent will 
the proportion of available biomass use decline to 
88 percent. Overall, the assumed biomass potential 
will be sufficient to replace virtually half of fossil 
carbon demand by the year 2045. 

Expanding recycling and establishing a bioeconomy 
is a no-regret strategy. With regard to the circu-
lar economy, the existing potential is utilized at a 
fairly consistent rate across all scenarios – with 
over 60 percent of the total waste produced being 
recycled either chemically or mechanically. How-
ever, this would exploit only around half of the 
potential that chemical recycling is assumed to 
offer. Thus, chemical recycling appears only partly 
cost-effective by comparison with other options.10 
By  contrast, all scenarios fully utilise the assumed 
potential of mechanical recycling. In other words, 
recycling is a competitive and sustainable supply 
source, even compared with green imports. Recy-
cling returns a total of 2.1 to 2.3 Mt of carbon to 
the carbon cycle. However, the modelled resource 
paths see the use of carbon captured from waste 
incineration or atmospheric carbon (DAC) as only a 
last resort once the potential of all other options has 
been exploited. Due to the high cost of the hydrogen 
it requires, producing basic chemicals on the basis 
of CCU is less cost- effective than the alternative 
domestic carbon sources (biomass and recycling) 
or than importing green intermediate products. 

All technology paths significantly change the chemi
cal industry’s energy and resource basis, making 
plastic waste, biomass and electricity increasingly 
important. Using biomass as a feedstock increases 
its share of total resource demand in the “domestic 
biomass” resource path and in the import scenarios 
to as much as 112 terawatt hours by 2045. Even the 
“partly fossil” resource path envisages 91 terawatt 
hours of biomass being used in 2045.11 Part of the 
domestic biomass currently used to generate energy 

10	 It would be possible to further increase the recycling rate by tai-
loring product design more to recycling (design for recycling) and 
by improving the collection and separation of plastic waste.

11	 The low use of biomass in the “domestic hydrogen” scenario is the 
result of lower externally determined biomass availability.

must be switched to feedstock use to ensure that 
this is viable in economic, ecological and social terms 
(cf. Infobox Availability of sustainable biomass in 
Germany, pp. 22–23). Furthermore, ambitious efforts 
must be undertaken to make more sustainable 
biomass available (cf. Infobox Synergies between 
a bio-based chemical industry and more sustain-
able land use, p. 24). To date, the German chemical 
industry has imported virtually all of its resources. 
The energy crisis sparked by Russia’s invasion of 
Ukraine has highlighted the risks posed by wildly 
fluctuating resource prices and limited availabili-
ties. Two of the considered scenarios indicate that 
meeting all chemical resource requirements using 
domestic resources is, in principle, feasible. How-
ever, this must be weighed against Germany’s role as 
an export nation that thrives on the global exchange 
of resources and intermediate goods.

The integration of low-cost renewable energy 
imports from abroad offers the opportunity to 
reduce overall costs and thereby strengthen the 
economic viability of downstream stages of the 
value chain. In the import scenarios under review, 
the proportion of imported intermediate products is 
limited to one third. Imports are primarily used as 
an alternative to the most expensive technologies 
required for chemical production. This reduces the 
amount of hydrogen-based synthetic molecules 
that need to be produced domestically, while still 
allowing the potential of biomass and recycling to 
be exploited to a similar extent. Importing interme-
diate products is therefore not an alternative, but a 
complement to the use of domestic resources.

5.3	 Methanol at the centre of the 
transformation

Methanol is a platform chemical central to all domes-
tic resources discussed in this study: biomass, plas-
tic waste, and renewable hydrogen. Ethylene is an 
important large-volume basic chemical and a precur-
sor of key plastic value chains. The modelling results 
show that for ethylene production, the methanol 
route is the most efficient means of utilising available 
domestic resources. In all fossil-free scenarios, the 
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methanol route is used to produce most of the ethyl-
ene required (cf. Figure 16). If fossil-free HVC imports 
are possible, the most expensive domestic production 
method — ethylene production from methanol using 
domestic renewable hydrogen — is replaced by eth-
ylene imports. Nowadays, ethylene is primarily pro-
duced from naphtha in steam crackers. A small part of 
the steam cracker capacity is retained in all modelled 
scenarios and converted to process pyrolysis oil from 
chemical recycling. In principle, additional quanti-
ties of green naphtha could conceivably be produced 
synthetically on the basis of biomass of CCU and used 
in crackers. However, this route uses resources less 
efficiently and requires more energy, making it less 
cost effective than the methanol route. 

Without political commitment to phase out fossil 
resources used as feedstocks, there is a risk of fossil 
technologies being locked in – with detrimental 
impact on domestic production. In the partly fossil 
scenario, where fossil carbon sources are permitted, 
ethane cracking combined with CCS largely replaces 
the current method of production based on naphtha 
steam cracking. This switch towards using ethane 
is already happening: investments are being made 
in an ethane cracker in Antwerp and the closure of 
naphtha crackers has been announced, highlighting 
the declining competitiveness of naphtha-based 
production. As shale gas production has risen sharply 
in the US, ethane – an inexpensive by-product – can 

currently be imported at low cost. Switching towards 
resources such as ethane that have to be imported 
by ship puts inland plants with limited connection 
to nationwide networks – like the clusters in Central 
Germany and Bavaria – at a structural disadvantage.12 
By contrast, biomass and plastic waste are decen-
tralised resources that are available across Germany. 
Structurally weak rural regions with a plentiful sup-
ply of biomass can thus leverage a locational advan-
tage and avoid companies relocating elsewhere. 

Demand for methanol in other sectors such as 
shipping can lead to synergies when  establishing 
a methanol economy. Methanol promises to play 
an important role in transforming shipping and 
aviation and as a decentralised energy source. 
These different but complementary demand sectors 
can generate synergies when it comes to ramping 
up a methanol economy. The company Vioneo, a 
scale-up of A.P. Moller – Maersk, is one example of 
this. Maersk is one of the world’s largest container 
shipping companies and wants Vioneo to establish 
the first large-scale production of fossil-free plas-
tics based on green methanol. 

12	 In this context, however, the different yields of different steam 
cracker technologies also need to be considered. For example, 
butadiene, benzene, xylene and toluene can only be produced by 
the naphtha-based route. Producing these substances is already 
one of the main factors bolstering the competitiveness of existing 
cracker capacities.

Methanol as the key platform chemical in climate-neutral chemicals production  → Fig. 15
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5.4	 CCS, carbon management and 
negative emissions 

Carbon capture is used in three specific areas in the 
technology paths under review: 

1.	 for Bio-CCS to capture surplus biogenic CO₂ when 
producing biobased methanol, 

2.	to capture emissions incurred by production pro-
cesses, for example when ethylene is turned into 
ethylene oxide, and 

3.	during the incineration of non-recyclable waste 
fractions. 

Capturing carbon at fossil point sources such as indus-
trial power plants was not considered in the model. 

The long-term injection capacity of geological 
carbon storage will act as a bottleneck for the 
implementation of CCS. In the foreseeable future, 
injection capacities will be available to only a 
limited extent (cf. CCS: Carbon capture and stor-
age in the chemical industry, pp. 18–19) – a limit 
was therefore defined for the chemical industry’s 
maximum possible annual injection capacity in 
the scenarios under review. The geological storage 
capacity for process-related emissions, primarily 

from biomass processing, was limited to 13.7 Mt 
of CO₂ per year.13 A separate limit of 14 Mt of CO₂ 
was defined for waste incineration. All scenarios 
almost fully utilise the available carbon capture 
capacities at waste incineration plants. 

The geological storage of biogenic emissions can help 
the chemical industry generate 15 Mt of negative 
CO₂ emissions. In the scenarios under review, around 
45 to 55 percent of the carbon captured comes from 
biomass technologies. Figure 17 shows the exam-
ple of carbon management in the “intermediate 
products” import scenario. In this scenario, around 
half of the approximately 46 Mt of CO₂ previously 
removed from the atmosphere by domestic biomass 
is stored in chemicals such as methanol. 11 Mt of CO₂ 
are directly injected into geological stores, while a 
further 13 Mt of CO₂ are geologically stored through 
waste incineration after the use phase. Around 
11 Mt of biogenic CO₂ are emitted when biomass is 
processed. Though larger amounts of CO₂ could be 
stored in practice, thereby contributing to additional 

13	 The maximum possible injection capacity for the chemical 
industry’s process-related emissions is calculated on the basis 
of the cross-sectoral investigation conducted in the study 
 Climate-neutral Germany (Agora Think Tank, 2024).
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negative emissions, the target of minus 15 Mt of CO₂ 
was defined externally as a parameter in the techni-
cal modelling. Taking all emissions during the entire 
life cycle into account, minus 15 Mt of net negative 
CO₂ emissions are generated in this and the other 
fossil-free scenarios, making the chemical indus-
try  climate positive. Only part of the carbon basis is 
switched from fossil to renewable in the partly fossil 
scenario, leaving some fossil value chains and their 
corresponding (especially up- and downstream) CO₂ 
emissions in place. The new renewable value chains 
generate negative emissions to offset these remain-
ing fossil emissions, making the chemical industry 
 climate neutral on balance. 

In principle, the captured carbon can be used to sup-
ply the carbon needed to produce organic chemicals. 
However, this is more expensive than other tech-
nology options. In total, between 24 and 32 Mt of CO₂ 
are captured in the scenarios under review. The lion’s 
share of this (82 to 95 percent) is stored geologically, 
with only a small proportion being used as a feedstock 
for hydrogen-/CCU-based production. One exception 
is the “domestic hydrogen” resource path, which to a 
large extent uses hydrogen and CO₂ as the resource 

basis. This involves using considerable quantities of 
captured CO₂ to produce synthetic methanol by adding 
hydrogen and requires large amounts of inexpensive 
green electricity to be available (for electrolysis in 
particular). However, the modelling results show that 
imports and alternative technologies based on  biomass 
and recycling are cheaper. CCU is therefore used 
only to a minor extent to meet the remaining carbon 
demand if not enough carbon can be obtained from 
lower-cost sources. Using captured CO₂ to produce 
methanol can be a sensible option, particularly if a 
hydrogen infrastructure is planned or if hydrogen can 
be produced in a decentralised and cost- effective way. 

5.5	 Required investment 

Transforming the way the chemical industry is 
supplied with energy and carbon requires substan-
tial investment in new production processes and 
facilities. Domestic production of hydrogen is one of 
the key cost drivers. To switch production processes 
entirely to  climate neutrality, the “domestic biomass” 
resource path will require investments totalling 
some 50 billion euros. Assuming a linear investment 

Carbon management in the intermediate products import scenario, 2045 → Fig. 17 
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path, this means annual investments of around 
2.5 billion euros. If the focus is on the use of domes-
tically produced hydrogen, the required investment 
increases massively to 114 billion euros. This is due, 
in particular, to the investment needs for electrolysis 
capacities. This figure does not include the invest-
ments required to expand renewable energies to 
cover the additional electricity demand. 

Combining domestic resources with imported 
intermediate products reduces the required invest-
ments while creating additional value in Germany. 
Using only domestic resources to meet the demand 
for carbon involves comparatively high invest-
ment and operating costs (cf. Figure 18, “domestic 
biomass” and “domestic hydrogen” resource paths). 
Incorporating intermediate product imports (meth-
anol, ethanol, ammonia) reduces the capital invest-
ments in a defossilised chemical industry by around 
a quarter from 50 to 37 billion euros (compare 
“domestic biomass” resource path and “intermediate 
products” import scenario). This equates to annual 
investments of some 1.85 billion euros. By contrast, 

the “partly fossil” resource path, in which some fossil 
resources are still used as a carbon source, offers 
only small potential savings in terms of invest-
ments. This path requires investments of around 
34 billion euros, i.e. only ten percent less than the 
amount needed if domestic biomass is combined 
efficiently with imported green derivatives. Par-
tially defossilising the chemical industry thus saves 
only around 170 million euros per year but fails 
to reap key benefits of a complete switch, namely 
negative emissions, resilience gains and additional 
domestic value and job creation. At 114 billion euros, 
the scenario entailing the highest investment costs 
by far is the “domestic hydrogen” resource path 
because it requires substantial investments to build 
up electrolysis capacities.

The annual investment required to future-proof the 
chemical industry amounts to around 11 to 39 per-
cent of the chemical industry’s annual investment 
in tangible fixed assets. Replacement investments in 
 climate-neutral technologies will make the chem-
ical production ready for the future. The German 

Agora Industry, Carbon Minds, Fraunhofer IKTS (2025). The figures in brackets are externally defined net emissions in carbon equivalents; 1 Hydrogen 
imports by pipeline; 2 Import of methanol, ethanol (by ship) and hydrogen (by pipeline); 3 Import of methanol, ethanol, HVC (by ship) and hydrogen (by 
pipeline); HVC = high-value chemicals
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chemical industry invests some 14.8 billion euros 
per year – in Germany and abroad – in fixed assets, 
roughly 9.5 billion euros of this total being spent 
on the equipment needed to produce basic chemi-
cals (VCI 2024). Around a third of this investment 
is routine capital renewal when assets reach the 
end of their useful life.14 Converting processes 
to renewable carbon and energy sources would 
therefore require annual investments equivalent to 
roughly a quarter of the annual fixed asset invest-
ments in basic chemicals production or around half 
of regular replacement investments. This highlights 
how important it is for future replacement invest-
ments to contribute to a future-proof, resilient and 
 climate-neutral transformation of assets and equip-
ment. The chemical industry will soon face a crucial 
decision when replacement investments in steam 
crackers are required: 11 of the 13 steam crackers in 
Germany went into service between 1965 and 1985, 
making them between 40 and 60 years old (Scholz et 
al. 2025). Assuming an average technical lifetime of 
50 to 70 years, many of the existing steam crackers 
will need to be replaced or substantially modern-
ised in the coming years (cf. Agora Energiewende 
and Wuppertal Institut, 2019). This poses not only 
a challenge but also presents an important window 
of opportunity: investments that will need to be 
made in any case can be channelled into establishing 
 climate-neutral processes. The necessary conditions 
must therefore be created quickly to allow processes 
to switch to renewable carbons and avoid fossil 
lock-ins.

5.6	 Production costs

Switching from fossil imports to renewable domes-
tic resources will make the German economy more 
resilient and create additional jobs and value, but 
it will also involve additional costs. Comparing 
 climate-neutral production with today’s produc-
tion methods shows clearly that the former are 

14	 Roughly 46 percent of the investments are to expand capacities, 
9 percent are to reduce costs and 13 percent are to meet legal 
requirements. The figures relate to the German chemicals and 
pharmaceuticals industries combined (VCI 2024).

significantly more expensive in terms of operating 
costs. Depending on the scenario, average pro-
duction costs range from 1,298 to 2,603 euros per 
product tonne. Given that operating costs currently 
amount to 969 euros per product tonne (excluding 
CO₂ costs, modelling result),  climate-neutral pro-
duction would cost 34 to 169 percent more. Using 
domestic hydrogen to produce chemicals is the most 
expensive production route by far (cf. Figure 18).15 

The “partly fossil” resource path entails the lowest 
additional costs, yet even it will drive up the average 
production costs per product tonne by around a third 
compared to the status quo. 

As with the investment requirements, there is also 
a sweet spot in terms of operating costs that can 
be achieved by efficiently combining domestic 
resources and imported intermediate products. This 
reduces additional costs by nearly a third compared 
to fossil-free production based solely on domestic 
resources. Using green intermediate products such 
as methanol, ethanol and hydrogen to meet part of 
the domestic demand for carbon leads to average 
production costs of 1,652 euros per product tonne. 
At the same time, domestic biomass and recycling 
potential will continue to be utilised almost in full, 
whilst imports of green intermediate products remain 
limited, thereby maximising the potential for value 
creation and employment within the country. The 
green imports would replace domestic hydrogen and 
CCU, these being the most expensive technology 
options.

By helping to generate negative emissions, 
additional income sources are conceivable. In 
the completely defossilised transformation paths, 
chemicals production contributes to generating 
negative emissions of minus 15 Mt of CO₂ equiva-
lents per year. Once a market for negative emis-
sions has been created, as the EU is planning to do, 
potential revenues totalling around 2 billion euros, 
or 127 euros per product tonne, could be achieved 
at a hypothetical CO₂ price of 132 euros per tonne. 

15	 The status quo reference figure is based on modelling of the oper-
ating costs of the chemicals production system for the year 2025.
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This additional potential revenue reduces the 
average costs of producing fossil-free chemicals 
to 1,525 euros per product tonne. Since the neg-
ative emissions would be generated across the 
value chain (biomass production, processing in 
the chemical industry and geological storage of 
biogenic CO₂), the potential revenues would not 
necessarily be available to the chemical industry; 
however, they could offset some of the additional 
costs of fossil-free production. 

The global market determines the price of chem-
icals – the costs of fossil emissions are currently 
not priced in but borne by the public. CO₂ costs are 
not factored into the cost estimates presented and 
to date have hardly had an effective price put on 
them in practice nor been passed onto the prod-
uct level. To avoid competitive disadvantages on 
global markets and to discourage companies from 
relocating in response to unilateral CO₂ pricing 
via the EU ETS I (carbon leakage), the chemical 
industry is allocated free emission allowances. 
The CBAM is intended by the Commission as an 
alternative to free allowances as carbon leakage 
safeguard. In the sectors currently covered by the 
CBAM, the free allowances are set to phase out by 
2034. Currently, aside from hydrogen, ammonia, 
and fertilizers, no other chemicals are included in 
the scope of the CBAM. Once petrochemicals are 
included in CBAM, this will make it more expen-
sive to produce chemicals using fossil-based 
methods. Based on a rough calculation and assum-
ing a conceivable future CO₂ price of 132 euros per 
tonne, the direct emissions generated by chem-
icals production would incur additional costs of 
1.8 billion euros or 100 euros per product tonne. 
This would drive up the cost of producing conven-
tional fossil-based chemicals to 1,069 euros per 
product tonne. Currently, the EU ETS I applies only 
to direct emissions from industry and electricity 
generation, yet a large proportion of the emissions 
in the fossil value chain are released in up- and 
downstream stages and to date have been ignored 
(cf. Chapter 2.2). 

The remaining cost gap can be closed by levy-
ing a price on fossil feedstocks, i.e. on up- and 

downstream emissions. Taking into account the 
cost savings that can be achieved by incorporating 
green intermediate product imports, the revenues 
from negative emissions and effective pricing 
of direct carbon emissions, there is a cost gap of 
456 euros per product tonne between conventional 
and fossil-free production. Placing a price on fossil 
feedstocks according to the emissions they incur 
in the up- and downstream value chain could 
close this cost gap. A price of 132 euros per tonne 
of CO₂ would add 499 euros per product tonne 
(cf. Figure 19). 

The additional costs of basic chemicals production 
affect the costs of final products to only a minor 
extent. At 1,525 euros per product tonne (taking 
into account intermediate product imports and 
revenues generated by negative emissions), pro-
duction costs would be 57 percent higher than they 
are now. According to an analysis conducted by 
Systemiq, increasing the costs of basic chemicals 
by 100 percent makes final products such as cars, 
soft drinks or food only roughly one to three per-
cent more expensive (cf. Infobox Additional costs at 
the product level, Systemiq 2022, p. 42).

A comprehensive policy mix is needed for the 
transition from fossil fuels to renewable raw 
materials to be economically viable across the 
chemical industry. This requires an effective 
mechanism to protect against carbon leakage by 
levying a price both on imports and domestically 
produced products to ensure that carbon costs 
can be passed down the value chain. Equally, 
such a mechanism would need to create a level 
playing field for exports to regions with low or 
no carbon pricing. Additionally, a mechanism 
needs to be developed that puts a price on fossil 
carbon sources and their associated emissions, 
thereby creating an incentive to avoid them. 
Whilst, in the long term, effective pricing of fossil 
feedstocks and emissions can close the cost gap, 
various accompanying industrial policy measures 
are necessary to enable the industry to already 
begin taking the required steps towards fossil-
free and  climate-neutral chemicals production 
(cf. Chapter 7).
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5.7	 Employment and  
value creation potential

Insourcing the resource basis creates jobs and 
additional value in Germany. The plant closures 

currently being discussed and the associated risk 
of job losses show that Germany as a location for 
chemicals production is facing major challenges 
in terms of its competitiveness on global mar-
kets – regardless of  climate policy measures, and 

Additional costs at the product level

The additional costs at the level of the basic chemicals and plastics modelled in this study can be expec-
ted to result in significantly more moderate cost increases on the final product level. Systemiq estimates 
for example that a 100 percent increase in the costs of producing basic chemicals translates into only  
a roughly one to three percent higher price for final products (Systemiq 2022). It should be noted in this 
context that an increase in the costs of other climate-neutral materials such as green steel or cement 
can also drive prices up additionally. However, it can be assumed that the ramp-up of climate-neutral 
materials will happen gradually, thus ruling out any sudden surges in the prices of final products.

 
Cost increase at final product level if costs of basic chemicals double

Based on Systemiq (2022)
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even if fossil production continues. The  growing 
import pressure, for example from China, and 
upcoming investments in regions such as India 
make it doubtful whether current employment and 
value creation levels can be fully maintained in the 
conventional production routes for basic chemi-
cals. The chemical industry in Germany and Europe 
must now tap into markets for green basic chemi-
cals that will allow it to leverage its core competen-
cies, such as its innovative capacity and ability to 
develop high-quality and specialised products, to 
create value in Germany and Europe. The model-
ling results show that switching the resource basis 
to biogenic and recycled carbon would allow some 
parts of the value chains – which to date have been 
based abroad – to be brought back to Germany. Fur-
thermore, producing green platform chemicals for 
lead markets would create additional value and jobs 
for the country.

New jobs will be created through the further pro-
cessing of bio-based or recycling-based interme-
diate products. At present, around 109,000 people 
are employed in the production processes modelled 
in this study – roughly a third of the total workforce 
employed by the German chemical industry.16 The 
majority – around 50 percent – work in organic 
chemicals production. Switching the resource 
basis could create some 53,000 additional jobs in 
the chemical industry, while improving collection 
and separation in waste management would lead 
to another 35,000 jobs. Producing synthesis gas 
by means of biomass gasification and producing 
pyrolysis oil alone would create up to 31,000 new 
jobs (cf. Figure 20). In the organic chemicals sec-
tor, between 8,000 and 27,000 new jobs would be 
created, depending on the resource path chosen. 
On the other hand, as production is expected to 
decline slightly in all scenarios, the numbers of 
those employed to produce inorganic chemicals, 

16	 Though the study focuses on modelling the production of basic 
chemicals, the value chain in plastics production is likewise taken 
into account. However, no consideration is given to the jobs in 
other downstream value chain stages of the chemicals processing 
sector, such as fertilisers, rubber, acrylics, polyurethanes, or in the 
production of other speciality and fine chemicals.

ammonia, fertilisers and plastics would fall mod-
erately.17 However, these job losses would be more 
than offset by the employment growth in the new 
business fields. 

Combining homegrown resources with imported 
intermediate products generates jobs and poten-
tially reduces production costs. If domestic biomass 
and plastics recycling are efficiently combined with 
imported hydrogen derivatives, the additional costs 
of fossil-free production can be lowered by around 
30 percent (compare “domestic biomass” resource 
path and “intermediate product” import scenario). 
This reduces the positive employment effect from 
insourcing the resource supply only to a marginal 
extent. The “intermediate product” import scenario 
uses imports instead of producing synthetic mole-
cules domestically on the basis of hydrogen. Because 
the employment intensity in electrolysis is lower, 
however, the additional employment effect achieved 
in the hydrogen-based route is smaller than that in 
biogenic methanol production. Consequently, overall 
employment declines only slightly compared to the 
“domestic biomass” resource path. By contrast, the 
positive employment effects achieved in biogenic 
synthesis gas production are relatively robust across 
different scenarios because domestic biomass is 
still used extensively even when imports are used to 
meet part of the carbon demand. Though reducing 
the use of biomass significantly lowers the employ-
ment effects in the “domestic hydrogen” resource 
path, up to 14,000 additional jobs will be created 
in hydrogen electrolysis. However, if the chemical 
industry continues to use imported fossil resources 
to meet part of its carbon demand, the positive effect 
on employment will be smaller. In all the scenarios 
under review, another 30,000 to 40,000 new jobs 
will also be created in the waste management sector. 
There is also additional potential for employment 
in agriculture and bioeconomy by transforming 

17	 To take account of material efficiencies and substitution 
effects, a general decline in production of 0.5 percent per year 
and an additional specific 0.16 percent decline in polymer 
production was assumed for the purposes of the modelling. The 
possible relocation of production capacities abroad in response 
to the declining competitiveness of German plants was not 
given consideration.
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biomass demand and land use. These effects were 
not investigated in any detail for the purposes of this 
study.

Insourcing the resource basis can potentially gen-
erate jobs in production sectors with above- average 
wages. Jobs in the chemical industry are tradition-
ally well paid: in 2024, the average per-employee 
salary was around 69,000 euros, which is well above 
the manufacturing sector’s average salary of around 
56,100 euros (VCI 2024). The risk of certain produc-
tion segments relocating abroad is thus also asso-
ciated with the fear that precisely those production 
segments that contribute high levels of value crea-
tion and offer correspondingly high salaries could 
be lost. However, the analysed scenarios indicate 
that strengthening upstream value chains would 
create jobs in those parts of the chemical industry 
currently associated with high salaries. For example, 
additional jobs could be created in organic chemicals 
production – a comparatively well-paid area of the 
chemical industry. Even though overall production 

would decrease slightly and intermediate products 
would be imported to some extent, employment 
would increase in this area, especially in the pro-
duction and processing of methanol (methanol-to-
olefin). That said, the actual wage potential of new 
value chains will depend on many factors, not all of 
which were analysed in detail in this study.

Transforming the resource basis can increase the 
value created by the chemical industry in Germany. 
Insourcing the resource basis can potentially create 
additional value of 3.8 to 8 billion euros per year for 
the chemical industry by 2045. The waste sector and 
biomass production also offer potential for creat-
ing additional value, though this was not explicitly 
modelled for the purposes of this study. The “domestic 
biomass” resource path has the greatest potential for 
additional value creation. The direct value adding 
effects are somewhat smaller in the “domestic hydro-
gen” resource path, while the lowest level of additional 
value creation is to be found in the “partly fossil” 
resource path because the resource basis is only 

Ressourcenpfade

Status
quo

Teilfossil
(0 Mt)

Heimisc… Heimische
Biomasse
(-15 Mt)

0

100

50

150

Beschäftigung [Tsd.]

Import-Szenarien

Wassers… Zwische… HVC-Imp…
0

2,000

1,000

Produktkosten [EUR/t]

109

134
148

162 159
143 141

Durchschnittliche Produktkosten Synthesegasproduktion Pyrolyseölproduktion
Elektrolyse und sonstige Gasproduktion
Ammoniak & Düngerproduktion, sonstige anorganische Chemie Organische Chemie
Kunststoffproduktion

Ressourcenpfade

Status
quo

Teilfossil
(0 Mt)

Heimisc… Heimische
Biomasse
(-15 Mt)

0

100

50

150

Beschäftigung [Tsd.]

Import-Szenarien

Wassers… Zwische… HVC-Imp…
0

2,000

1,000

Produktkosten [EUR/t]

109

134
148

162 159
143 141

Durchschnittliche Produktkosten Synthesegasproduktion Pyrolyseölproduktion
Elektrolyse und sonstige Gasproduktion
Ammoniak & Düngerproduktion, sonstige anorganische Chemie Organische Chemie
Kunststoffproduktion

Ressourcenpfade

Status
quo

Teilfossil
(0 Mt)

Heimisc… Heimische
Biomasse
(-15 Mt)

0

100

50

150

Beschäftigung [Tsd.]

Import-Szenarien

Wassers… Zwische… HVC-Imp…
0

2,000

1,000

Produktkosten [EUR/t]

109

134
148

162 159
143 141

Durchschnittliche Produktkosten Synthesegasproduktion Pyrolyseölproduktion
Elektrolyse und sonstige Gasproduktion
Ammoniak & Düngerproduktion, sonstige anorganische Chemie Organische Chemie
Kunststoffproduktion

Employment effects and average production costs in the resource  
paths and import scenarios

969969
1,2981,298

1,9411,941

2,6032,603

1,8631,863
1,6521,652 1,6031,603

Agora Industry, Carbon Minds, Fraunhofer IKTS (2025). The figures in brackets are externally defined net emissions in carbon equivalents; 1 In all 
resource paths and import scenarios; 2 Hydrogen imports by pipeline; 3 Import of methanol, ethanol (by ship) and hydrogen (by pipeline); 4 Import of 
methanol, ethanol, HVC (by ship) and hydrogen (by pipeline); HVC = high-value chemicals

Status  
quo

Partly  
fossil  
(0 Mt)

Domestic 
hydrogen 
(−15 Mt)

Domestic 
biomass
(−15 Mt)

Hydrogen 
import2

(−15 Mt)

HVC  
import4

(−15 Mt)

Inter mediate 
product  
import3

(−15 Mt)

[1,000s]

Average  
product costs  
[EUR/t]

Resource paths Import scenarios

Synthesis gas production Pyrolysis oil production Electrolysis, other gas production 

+25,000 jobs +53,000 jobs +34,000 jobs +35,000 jobs in waste sector1

 → Fig. 20

Employment

Plastics productionInorganic chemicals (ammonia, fertilisers etc.) Organic chemicals (ethylene, propylene etc.)



﻿45

Agora Industry – Innovations for tomorrow: opportunities for a climate-neutral chemical industry

partly insourced. The additional potential for value 
creation through resource insourcing can still be real-
ised even if part of the carbon requirements is met by 
importing green derivatives or intermediate products 
from abroad. Though this scenario reduces the direct 
value added from around 21.2 to 18.6 billion euros, 
this nonetheless significantly exceeds the status quo.

The organic chemicals sector achieves the lion’s 
share of additional value creation. Value  creation 
is shifting from steam cracking to methanol 

synthesis and to the use of ethanol and methanol 
to synthesise olefins and aromatics. Additional 
value is also created in the supply and conver-
sion of resources, especially in the production of 
synthesis gas, though the relative contribution 
of these processes to value adding is smaller than 
their contribution to job creation due to their lower 
productivity. Besides the direct value creation 
effects from production, salaries and wages can 
generate additional indirect value of up to around 
2.6 billion euros. 

Value adding effects in the resource paths and import scenarios  → Fig. 21
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6	 The transformation in practice – insights into the 
transition of chemical parks 

The chemical industry is characterised by a number 
of large chemical parks at which multiple companies 
generally work together, often sharing infrastructure 
in a way that interlinks their energy and resource 
streams. This organisational structure entails both 
benefits and challenges for the transformation. On 
the one hand, jointly procuring and using energy and 
green resources allows synergies to be leveraged – by 
using the required infrastructure more efficiently, 
for instance. On the other hand, the high degree of 
integration can pose challenges if transforming one 
process step automatically means changes have to 
be made to connected or downstream processes. 
In addition to the integrated processes within the 
chemical parks, there is exchange of feedstock, inter-
mediate products and by-products between different 
parks in some cases – even with chemical parks in 
neighbouring countries. The chemical industry in 
the west of Germany is closely interlinked with sites 
in Belgium and the Netherlands, for example. This 

cross-regional integration is reflected in pipeline 
systems for various basic chemicals such as eth-
ylene. In other regions, especially in the south and 
east of Germany, the chemical clusters tend to be 
more autonomous and less integrated with those in 
other regions. The degree of local energy integration 
also differs: plants with steam crackers are gener-
ally highly integrated in terms of their energy use, 
whereas those focused on further processing tend 
to show a lower degree of energy (and feedstock) 
integration.

The degree of integration has a crucial bearing on 
the complexity of the transformation. Figure 22 
shows the transformation complexity of chemi-
cal parks as a function of the local interconnection 
of production processes and the degree of cross-
regional integration. A high degree of local inte-
gration means that transformation decisions taken 
at one plant will directly impact interconnected 

Transformation complexity of chemical production regions and selected  
branches of the chemical industry

 → Fig. 22

Agora Industry, Fraunhofer IKTS and Carbon Minds (2025). Schematic representation that makes no claim to completeness.
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processes. Implementing technological changes in 
particular, such as switching from steam crack-
ers to the methanol route, can result in a changed 
production portfolio. Plants that have hitherto used 
byproducts of the steam cracker will be forced to find 
alternatives. The higher a chemical park’s degree 
of cross-regional integration, the easier it will be 
to access alternative supply options. Accordingly, 
production that involves significant (cross-)regional 
integration will be more resilient during the trans-
formation process. At plants that are less well linked 
to cross-regional supply structures, it will be more 
difficult to offset changes to feedstock and energy 
flows – such as those entailed by converting a steam 
cracker – due to the lack of alternative supply infra-
structure or because the supply costs will be higher. 
This applies to the clusters in the south and east of 
Germany, for example. By contrast, the clusters in 
the north, west and southwest of the country are 
well connected in terms of feedstock supply, allowing 
for a more iterative green transformation of plants 
and companies at different speeds. Cross-regional 
sources of alternative supply, both of feedstocks and 
energy, make it easier to decouple and re-integrate 
the plants in question. 

Chemical parks require bespoke concepts. Their 
local circumstances and respective product portfo-
lios will largely dictate the transformation strategy. 
More of an iterative strategy is the obvious choice at 
parks with a low level of local interconnection and 
good cross-regional integration: the energy supply 
system can be transformed and steps to ensure the 
supply of green feedstocks can be taken iteratively 
in line with the individual strategies of the com-
panies based there. By contrast, a proactive trans-
formation strategy is needed where there is highly 
complex local interconnection and little in the way 
of cross-regional supply alternatives; this requires 
close coordination when transforming energy and 
production systems.

To assess the current state of the transformation at 
the chemical parks and check that the study find-
ings have practical relevance, interviews with the 
operators of various chemical parks were conducted 
for the purposes of this study. How these operators 

assessed the challenges posed by the transforma-
tion differed considerably depending on the product 
portfolio. Chemical parks that have a diverse range 
of processes and focus on speciality and fine chem-
icals tend to be more optimistic about the future, 
whereas parks where basic chemicals account for 
a large share of production are more cautious. The 
main challenge in the former case is to transform 
the energy supply.

The  climate-friendly transformation of the energy 
supply is already underway at many chemical parks. 
Inexpensive renewable electricity is already being 
incorporated across the board, with companies for 
example using their own power plants more flexibly 
and entering into power purchase agreements (PPAs) 
or taking advantage of flexible electric boilers and 
energy storage systems. Heat pumps are not cur-
rently seen as cost effective, especially due to their 
high investment costs and long payback periods. 
Converting existing CHP systems to biomass, waste 
or hydrogen is also one option that is being trialled 
in particular. When asked about the challenges to 
pushing forward with the transformation, respond-
ents talked about the lack of clarity when it comes to 
the allocation of emissions to companies supplied by 
shared supply networks and regarding the declara-
tion of waste heat from industrial processes, though 
the availability and costs of green electricity and 
hydrogen were also particularly highlighted.

To date, steps to defossilise feedstocks are only 
being taken in isolated cases. CCU plays virtually no 
role yet. Initial pilot projects are focusing mainly on 
biomass and waste (pyrolysis). There are virtually 
no plans at the moment to build large-scale domes-
tic plants for methanol or ethanol synthesis – using 
biomass for example – due to the considerable 
uncertainty surrounding future market potential and 
competitiveness. Uncertainties around the avail-
ability of renewable resources are also hindering 
investment, especially at landlocked sites. However, 
chemical parks are showing initial signs of a trend 
towards diversification in response to the growing 
competitive pressure: the first green-tech start-ups 
are relocating there and driving the transformation 
forward with innovative approaches.
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7	 Policy recommendations

7.1	 Create price incentives for 
 climate-friendly production

7.1.1	 Strengthen CO₂ pricing and ensure 
protection against carbon leakage

Carbon pricing in the form of Europe’s  Emissions 
Trading System (EU ETS I) is a central policy 
instrument for reducing industrial emissions in 
Europe. Emission allowances put a price on the 
social and ecological costs of GHG emissions and 
reduce the cost gap to low-emission products. 
However, as the global market tends to deter-
mine the prices of trade-intensive products such 
as chemicals, companies can only pass on their 
carbon costs to a limited extent without risk-
ing their competitive edge. To protect Europe’s 
export- oriented industry from being unilaterally 
disadvantaged on global markets and to prevent 
high-emission industries from relocating else-
where (carbon leakage), a large share of their emis-
sion allowances have been allocated to them free of 
charge to date. For carbon pricing to be effective, it 
must be accompanied by protection against carbon 
leakage. For the transformation to succeed, it is 
crucial to remain firmly on track with the Euro-
pean Emissions Trading System in order to ensure 
political and economic reliability. We recommend 
the following measures to make carbon pricing 
more effective:

	→ Increase the effectiveness of carbon pricing

Allocating free allowances undermines the 
steering effect of the EU ETS I and the basic idea 
that a price should be levied on the social and 
ecological costs of GHG emissions. As a con-
sequence of free allowances, most of the costs 
of carbon emissions have been borne by the 
general public rather than being charged to the 
person or entity responsible – i.e. the chemical 
industry or intermediate or final consumer. 
At the same time, this solution is finite: as the 

EU ETS I emission cap decreases, fewer allow-
ances are available to be freely allocated. As in 
other sectors, the Carbon Border Adjustment 
Mechanism (CBAM) should therefore ensure 
carbon leakage protection for chemicals too, 
while the allocation of free allowances should 
be phased out.

	→ Introduce carbon leakage protection and  
allow carbon costs to be passed on

The option of including key chemicals in the 
European CBAM should be explored as a vital 
carbon leakage instrument. An effective CBAM 
creates a level playing field in which the costs of 
carbon emissions are considered regardless of 
whether they are generated in or outside the EU. 
Including the chemical industry in the CBAM is 
a challenge because of its great product diversity 
and complex value chains. Most production-re-
lated emissions are generated during the pro-
duction of just a handful of platform chemicals, 
while downstream processing stages are com-
paratively low in emissions. The goal must be to 
reduce the administrative burden by including 
a small group of particularly emission-intensive 
chemicals and process steps while at the same 
time minimising circumvention risks. Further-
more, the CBAM in its present form applies only 
to imported goods. Policymakers are currently 
looking at ways of broadening the scope of the 
CBAM to include exports. To this end, an export 
solution would also have to be applicable to 
the chemical industry and provide effective 
protection.

	→ Expand EU ETS I to include waste incineration

Waste incineration is responsible for a large part 
of the emissions over the life cycle of plastics. 
Waste incineration should – as is the current 
plan – be included in emission trading. This 
will increase the financial incentive to recycle 
plastics and incinerate non-recyclable plastics 
using CCS.
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7.1.2	 Introduce financial incentives to switch  
to renewable carbon sources

Emissions generated during the extraction of 
fossil resources, and during the usage phase and 
incineration of final products at the end of the life 
cycle account for up to three quarters of the total 
life-cycle emissions (Agora Industry 2023). To 
avoid these, there is no alternative but to switch 
from fossil to renewable carbon sources. How-
ever, the EU ETS I currently applies only to those 
emissions incurred during production and in the 
energy sector. Including waste incineration in 
the EU ETS I would be an important first step but 
should be complemented by additional financial 
incentives and industrial policy measures. In 
addition to the EU ETS I, a mechanism should be 
created to price the costs of using fossil resources 
as feedstocks – costs that are currently borne by 
society as a whole – into production.

	→ Promote the ramp-up of recycling  
and the bioeconomy

Additional financial incentives are necessary to 
ensure that biobased raw materials are used on a 
large scale in the chemical industry. Initially, and 
especially until such time as a price is levied on 
the use of fossil carbon as a feedstock, the mar-
ket ramp-up of biomass and recycling should be 
promoted – for example via carbon contracts for 
difference.

	→ Pricing fossil carbon feedstock

In the medium term, a levy should be introduced 
on fossil carbon used as a feedstock, comple-
menting the EU ETS I system of emission pricing. 
To enable com panies to plan accordingly, the 
regulatory design and implementation timeline 
must already be laid down today. This timetable 
should also include a target date for the EU to 
phase out the use of fossil resources as feed-
stocks. Switching from fossil to renewable car-
bon sources is a mammoth task that will affect 
not only the chemical industry but also agricul-
ture and the waste management sector. Com
panies will need time to build up the requisite 
competencies and scale up innovative fossil-free 

processes. This requires clear political commit-
ment and must be accompanied by industrial 
policy measures.

7.1.3	 Create a framework for remunerating 
negative emissions

By transitioning to renewable carbon sources such as 
biomass, in combination with CCS, the chemical indus-
try will be able to generate negative emissions and 
thus contribute to making society as a whole  climate 
neutral. Negative emissions can be marketed as an 
additional revenue source to cover some of the costs of 
switching from fossil oil to sustainable biomass.

	→ Tighten the certification framework

A robust certification framework is an important 
prerequisite for establishing a market for carbon 
removals from the atmosphere that will also benefit 
the chemical industry. The EU’s Carbon Remov-
als and Carbon Farming Regulation (CRCF) must 
be tightened to provide such a robust framework. 
Above all, the requirements for the sustainability 
of biomass and the permanence and additionality 
of carbon removals must be toughened (cf. Öko 
Institut 2025).

	→ Remunerate negative emissions

Targeted measures are important to accelerate the 
ramp-up of permanent negative emissions – ini-
tially by providing clear incentives such as a Euro-
pean procurement programme for carbon remov-
als. In the medium term, political reliability and 
unequivocal targets will be crucial to allow new 
business models to develop. This requires regula-
tory instruments that embed permanent negative 
emissions in European  climate policy – for exam-
ple by linking them to EU emission trading or via a 
separate removal trading scheme.

7.2	 Incentivise investment

The chemical industry will need up to 50 billion euros 
to switch to biomass and recycling. The state will 
have to provide support to enable these investments. 
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The transformation will also drive up operating costs; 
these will need to be cushioned by the state at least 
during the transitional phase until green markets are 
sufficiently established. 

	→ Further develop and expand carbon  
contracts for difference

Whether and how quickly an investment pays 
off will depend on how carbon, energy and com-
modities prices develop and on which revenue 
opportunities green markets offer. Because polit-
ical decisions significantly influence such devel-
opments, they are associated with high levels of 
unpredictability and risk premiums for companies. 
Carbon contracts for difference (CCfDs) are a useful 
instrument for dynamically offsetting additional 
costs over a limited period of time and therefore 
increasing predictability for planning purposes. 
The mechanism currently in place should be further 
developed with minimal bureaucracy and supple-
mented by an approach for electrifying process 
heat. Lowering the project size requirements will 
also enable smaller investment commitments to be 
secured.

	→ Strengthen programmes to fund  
investment costs

Existing funding programmes at German federal 
level such as the Federal Funding for Industry 
and Climate Action (BIK) and the Federal Funding 
for Energy and Resource Efficiency in Business 
(EEW) should be further strengthened. European 
programmes in the context of the EU’s Innovation 
Fund or an Industrial Decarbonisation Bank can 
also play an important role in financing the neces-
sary investments.

7.3	 Leverage recycling and  
biomass potential

7.3.1	 Leverage recycling potential

Plastic waste will only see increased use as a resource 
in future if the collection and separation of plastic 
waste are improved, plastic products are made more 

recyclable and markets for secondary resources 
are strengthened. The German government should 
expand the financial support for circular business 
models and introduce industrial policy measures to 
flank the ramp-up of recycling methods.

	→ Fund the market ramp-up of mechanical  
and chemical recycling

The German government should financially support 
the upscaling of mechanical recycling and take 
steps to protect against economic risks. Financially 
supporting initial large-scale flagship projects for 
chemical recycling will result in useful experience 
that can then be used to ensure that it complements 
mechanical recycling.

	→ Boost design-for-recycling in EU Ecodesign 
Regulation

The EU Ecodesign Regulation should promote the 
long-term and efficient use of plastics. Further-
more, design-for-recycling requirements should be 
tightened to improve the purity of waste streams 
and reduce the work involved in separating and 
sorting waste. Germany’s PET deposit system is a 
positive example of a recycling-friendly business 
model – strict regulations governing dyes and addi-
tives, coupled with a separate collection system, 
lead to recycling rates of 98 percent (GVM 2024).

	→ Expand markets for secondary raw materials

In August 2025, public consultations began on the 
Circular Economy Act, which is intended to form 
the cornerstone of European circular economy 
policy in the future. The aim is to double the circu-
larity rate, i.e. the share of secondary raw materials 
in the EU economy, from 11.8 percent to 24 percent 
by 2030. To this end, binding and possibly rising 
minimum proportions of recycled material should 
be laid down for certain product groups.

7.3.2	 Mobilise and further expand  
biomass potential

So far, biomass has been used largely as an energy 
source, biogas being produced for example from 
energy crops and used to generate electricity. While 
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photovoltaic, wind power and storage systems will 
allow electricity to be supplied more cheaply in 
future, it makes sense to use the limited quantities 
of sustainable biomass as a feedstock in the chemi-
cal industry. If the chemical industry uses biomass, 
lignocellulosic or woody biomass can be produced by 
growing trees or perennial grasses and engaging in 
paludiculture (in the context of peatland rewetting) 
rather than cultivating annual energy crops. The use 
of biomass as a feedstock in the chemical industry 
can thus contribute to more sustainable land use. 

	→ Develop and implement a strategy for 
sustainably cultivating and using biomass

Setting up a bioeconomy requires an ambitious 
European strategy that ensures the sustainability 
of biomass and exploits the available potential in 
high-quality applications on a cascading use basis. 
To switch from energy to feedstock use of biomass, 
incentives to use it for energy purposes must be 
reduced. Furthermore, cultivating additional ligno-
cellulosic raw materials from agroforestry systems 
and short rotation coppices (SRCs) should be incen-
tivised to increase carbon storage, biodiversity and 
 climate resilience.

	→ Boost research and development and  
fund  flagship projects

Biomass technologies are available in  principle 
but need to be further upscaled and put into 
widespread use, for example by establishing 
flagship projects. Using lignocellulosic biomass 
also gives rise to innovation potential that can 
be exploited by supporting research and devel-
opment, thereby strengthening Germany as a 
technology powerhouse.

	→ Create bioeconomy innovation networks

To build biobased value chains, competencies and 
innovative approaches from different sectors need 
to be pooled. To this end, exchange platforms and 
networks should be created to allow sharing of 
expertise on the sustainable cultivation of bio-
mass, logistics and biotechnological processing in 
the chemical industry. These exchange platforms 
should aim to develop new methods and business 
models based on sustainable homegrown biomass.

7.3.3	 Establish international alliances for trade 
in green platform chemicals

International alliances that envisage a fossil-free 
chemical industry and trade partnerships for inter-
mediate products such as green methanol can lower 
costs. Though switching completely to domestic 
resources such as biomass, recycling, renewable 
electricity and hydrogen is possible in theory, using 
cheaper intermediate product imports will reduce 
the costs of  climate-neutral chemicals while at the 
same time preserving additional jobs in the bioec-
onomy and recycling sector. International alliances 
aimed at a fossil-free chemical industry – especially 
alliances with other countries that likewise depend 
heavily on importing fossil oil (e.g. South Korea) – can 
open up access to international markets for green 
chemicals and simultaneously boost Germany’s 
strong plant engineering sector. Establishing part-
nerships with countries with substantial renewable 
energy potential that can thus supply cheap chem-
ical intermediate products will also increase the 
competitiveness of downstream processing stages 
and accelerate the transformation of the chemical 
industry overall.

7.4	 Reduce electricity costs and 
flexibilise industrial demand 

Wind power and photovoltaic systems are the cheap-
est sources of energy in Germany. If expanded ambi-
tiously, renewable energies can permanently lower the 
electricity costs for industrial firms and reduce the 
dependence on energy imports. Industrial companies 
can significantly reduce their electricity procure-
ment costs by making some processes more flexible 
in terms of when they consume electricity. Phases 
of high and occasionally very high electricity prices 
alternate with periods of low or even negative prices. 
Industrial firms with flexible processes can take 
advantage of the low-price phases and reduce load 
in high-price phases. In doing so, they automatically 
support those processes and firms where flexibilisa-
tion would not be cost efficient, because by lowering 
peak electricity demand, they also reduce the burden 
on all consumers caused by peak prices. Chemical 
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parks with centralised electricity and heat supply 
offer particular potential in terms of such flexibility. 
To generate steam and hot water, for example, existing 
conventional systems could be combined with new 
electric heat generators and better matched to the 
demand profiles of the production firms based there.

	→ Continue pushing forward the expansion  
of renewable energies

Analyses conducted by Aurora Energy Research 
on behalf of Agora Energiewende show that 
every euro from Germany’s federal budget that is 
spent on expanding renewable energies lowers 
electricity prices by 1.60 euros per megawatt 
hour on average (Agora Energiewende 2025). 
This is a remarkable leverage effect at a factor of 
1.6 – though it will only be achieved at the pace 
at which renewables are expanded. 

	→ Advance market integration of renewable 
energies

In the medium term, the expansion of renewable 
energies and industrial electricity tariffs, should 
be decoupled from federal budget payments. The 
upcoming reform of the Renewable Energy Sources 
Act (EEG, which in its current form will expire 
at the end of 2026) should ensure that electricity 
from renewables is made available for long-term 
industrial procurement on the electricity markets, 
for example via PPAs.

	→ Support identification of flexibility potential

Companies should be supported in identifying 
and mobilising flexibility potential. This includes 
providing support and funding for audits and 
energy services with a focus on flexibility, as 
well as investment support for flexible heat 
generators and heat storage systems. Overall, 
efficiency and flexibility should be more closely 
interlinked and existing funding programmes 
expanded to include measures aimed at increas-
ing flexibility (cf. EPICO 2025).

	→ Reward system-friendly flexibility

The system of grid fees should be changed to 
remove obstacles to flexibility and replace them 
with incentives for system-friendly consumption. 

Above all, the “7,000-hour rule” (Section 19.2 of 
Germany’s Electricity Grid Fee Regulation, Strom-
NEV) should be reformed and incentivise a more 
flexible demand profile (cf. Agora Energiewende, 
Agora Industry, FIM and RAP, 2024). The option 
of introducing more time- and location-specific 
electricity price signals should also be explored. 
Grid connection capacities, especially of electric 
heat generators, must be sufficiently sized to sup-
port flexible operation. Grid operators must make 
these capacities available rapidly.

7.5	 Establish infrastructure 

Electricity, biomass and hydrogen are the key 
 resources for a future-proof chemical industry. 
Their availability must be ensured through appro-
priate infrastructure. The removal of  unavoidable 
and of biogenic CO₂ is another key element of a 
 climate-neutral chemical industry. Location-
specific transformation decisions, as well as the 
specific structure of the bioeconomy and meth-
anol industry, can significantly alter the demand 
for electricity, hydrogen, and CO₂ removal.

	→ Advance the power grid expansion  
and grid integration

To complement the expansion of renewable ener-
gies, transmission and distribution networks and 
grid connection capacities must also be expanded 
ambitiously and cost efficiently. Grid operators 
must quickly provide sufficient grid connections. 
A whole raft of measures is needed to stabilise grid 
costs despite ongoing grid expansion, as grid fees 
are a major cost item, especially for SMEs. These 
measures include cheaper construction  methods, 
state involvement to lower capital costs and 
dynamic grid fees.

	→ Integrate the ramp-up of hydrogen with the 
transformation of chemicals

The use of renewable hydrogen in the chemical 
industry is particularly beneficial in ammo-
nia production, the conversion of biomass into 
methanol, and the recycling of plastic waste 
(chemical recycling). To meet hydrogen demand 

Analyses conducted by Aurora Energy Research on behalf of Agora Energiewende show that every euro from Germany’s federal budget that is spent on expanding renewable energies lowers electricity prices by 1.60 euros per megawatt hour on average (Agora Energiewende 2025). This is a remarkable leverage effect at a factor of 1.6 – though it will only be achieved at the pace at which renewables are expanded. In the short term, the lower grid fees and electricity tax that will come into force from 2026 will help make electricity prices more competitive. 
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as cheaply as possible, the domestic hydrogen 
infrastructure must be rapidly expanded and 
coupled with central import corridors – from 
Denmark for example. Potential hydrogen pro-
ducers and hydrogen infrastructure operators 
now need firm procurement commitments from 
the chemical industry, for example for the pur-
poses of flexible blending in ammonia produc-
tion. This will allow to create synergies between 
the transformation of the chemical industry and 
the ramp-up of hydrogen.

	→ Accelerate the planning and implementation  
of the CO₂ transport network

When planning the carbon transport network, due 
consideration must be given to the future need 
for carbon removal and transport, especially from 
biomass processing and the generation of nega-
tive emissions. An infrastructure must be created 
that can transport carbon captured from – in some 
cases decentralised – (biogenic) carbon sources and 
that is cost efficient at the same time. In addition to 
central carbon pipeline corridors, carbon transport 
by rail can also play an important role.

7.6	 Create markets

4.	Markets for green chemicals are a key prerequisite 
for decisions to invest in low-emission processes. 
Even if the costs of the transformation can be 
mitigated by monetarising co-benefits (negative 
emissions, additional jobs and value creation, resil-
ience), green chemicals can be expected to entail 
higher costs for the foreseeable future. Increased 
costs in the chemical industry translate into only 
small price hikes of a few percentage points on 
major final products (cf. Infobox Additional costs 
at the product level, p. 42). Market segments need 
to be identified in which these additional costs 
can be passed on. Creating access to markets 
for climate-friendly chemicals by establishing 
or adapting the relevant standards, increasing 
transparency by defining requirements for carbon 
accounting and reporting, and empowering people 
to make climate-friendly decisions about labels 
are the key political levers when it comes to green 

markets. Public procurement and quotas for the 
private sector can help directly to create demand. 
The European single market can play an important 
role in establishing green lead markets because 
around two thirds of exports – which account 
for 63 percent of the chemical industry’s over-
all production – go to other European countries 
(VCI 2025b, Destatis 2024).

	→ Introduce labels for basic chemicals and plastics

Labels can be used to provide transparent 
information about the  climate-friendliness of 
a material or product and to clearly justify any 
additional costs to customers. Various studies 
show that final consumers are willing to pay 
extra for green products (BCG 2023). Transparent 
and credible product labelling on which custom-
ers can base their decisions is essential to trans-
late this willingness to pay into actual purchases, 
however. While the steel and cement segments 
have developed first product labels suitable for 
practical use, the high product diversity in the 
chemical industry means that its development 
of similar labelling is still at a rudimentary stage. 
The federal government should therefore also 
advocate at the European level for the develop-
ment of common, robust labels.

	→ Use public procurement to create demand  
for green chemicals

So far, discussions in the context of public 
procurement have primarily revolved around 
the potential for green steel and  climate-neutral 
cement. However, the construction industry also 
uses significant quantities of products made 
by the chemical industry – making this sector 
the third-largest buyer of chemicals products. 
The special fund for infrastructure and  climate 
neutrality recently adopted by the German 
government thus offers important opportunities 
to boost the demand for green chemicals. For 
effective advantage to be taken of these oppor-
tunities, the first building products (e.g. plastic 
pipes) should quickly be identified so that initial 
sustainability requirements can be defined for 
them in the near future in the context of public 
procurement.
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	→ Check the implementation of product 
 requirements and quotas

Quotas for the private sector – involving initially 
low-level and then rising requirements for the use 
of low-emission, fossil-free and recycled pre-
cursors – can create predictability and facilitate 

investments in  climate-neutral processes. The 
upcoming reform of the EU Ecodesign Regulation, 
and the EU Circular Economy Act, due to come 
into effect in late 2026, present an opportunity to 
tighten product requirements or introduce carbon 
limits.
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8	 Annex

8.1	 Techno-economic modelling of the 
technology and resource paths

The results of analysing the energy and resource 
paths towards a  climate-neutral chemical industry 
are based on techno-economic modelling conducted 
on the basis of Carbon Minds’ CM model. This uses a 
year-based linear optimisation model that describes 
the development of the chemical industry with 
cost minimisation and emission restrictions. The 
chemical value chains are depicted in detail for 
each year – from raw materials to the production of 
chemicals and waste treatment. The mathematical 
basis encompasses technical, ecological and eco-
nomic data. The technical data are based on mass 
and energy balances for a defined quantity of rel-
evant chemicals. The greenhouse gases considered 
for the purposes of this study are carbon dioxide, 
methane, nitrous oxide and, to a lesser extent, other 
gases, in line with the IPCC’s Greenhouse Gas Proto-
col from 2013 (IPCC 2013). This study uses a method 
of analysing the life cycle that takes scope 1, 2 and 
3 greenhouse gas emissions into account. As far as 
indirect scope 3 emissions are concerned, the GHG 
Protocol categories 1 (“Purchased goods and ser-
vices”) and 12 (“End-of-life treatment”) were used 
(Barrow et al. 2013). Modelling begins in the year 
2020, with results shown from 2025.

Every technological process is described by input 
and output coefficients that include raw materials, 
energy use, emissions and byproducts. These are 
fed into technology-specific balance matrices that 
form part of a linear optimisation process. Capital 
expenditures (CAPEX), operating expenses (OPEX), 
energy consumption and greenhouse gas emissions 
are considered. Annual demand vectors define the 
demand for chemicals and the volume of waste 
incurred. Optimisation ensures that this demand 
will be fully met while complying with the annually 
defined emission limits. Interannual coupling of the 
models using what are known as dynamic capacity 
limitations ensures that production capacities are 

only shown as available if they have actually been 
set up in previous years. New capacities that are 
added are likewise taken into account and optimised 
in the model. Cost effectiveness is a crucial factor in 
the transition to  climate neutrality. Both CAPEX and 
OPEX were estimated for the purposes of the model-
ling, based on the best-available references, includ-
ing the market prices for feedstocks in the case of 
OPEX. The required investments were calculated 
only for the chemical industry itself, while associ-
ated investments – such as in infrastructure – are 
taken into account indirectly via OPEX.

In addition, the model takes into account conditions 
subject to time variability such as the availability of 
alternative resources (e.g. biomass, separated plastic 
waste) or carbon storage potential (CCS). These vari-
ables are incorporated into the annual model periods 
as exogenous parameters. This approach allows 
different technical and economic developments to 
be modelled systematically. By combining feed-
stock, energy and technological modelling, a flexible 
instrument is obtained for analysing transformation 
scenarios in the chemical industry, taking emission 
limits, technology choices and resource deployment 
into account. 

The model used to determine the primary process 
energy demand in the chemical industry distin-
guishes between two main forms of energy supply: 
electricity that is used directly, and process heat. 
Direct-use electricity is needed for engines for 
example, or for the chlor-alkali process. On the basis 
of technical process data, the model calculates the 
optimal demand for electricity and heat and assigns 
this to specific generation technologies. Recovery 
potential is also taken into account, such as the pos-
sibility of using waste heat from processes that use 
biomass and plastic waste.

For every chemical and every plastic in the scope 
of production under review, all the producing 
processes were individually analysed, especially 
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regarding the proportions of raw materials they 
each use. In cases involving circular feedstock 
streams – such as when the byproduct of one 
process is processed in a second process and then 
used again as a precursor in the first process – the 
proportion of the resource was determined on the 
basis of the last stream that could be precisely cal-
culated. The calculation was thus performed using 
the last directly calculable intermediate product (e.g. 
synthesis gas or naphtha) on whose basis the next 
intermediate products along the value chain were 
calculated (e.g. methanol, olefins or aromatics). If 
several resources were used for a particular process, 
a mass-based weighting of the resource shares was 
carried out for the sake of simplicity.

Transitioning to  climate neutrality requires the 
chemical industry to use not only conventional, 
tried and tested production processes, but also 
alternative technologies aimed at reducing emis-
sions. Though numerous different methods are 
currently being developed, this study focuses on 
alternative technologies with a high technology 
readiness level. 

8.2	 Modelling of employment and 
value creation effects

National economies are networks of different actors 
who are interlinked by their transactions. These 
actors produce goods and services that are sold to 
other actors and thereby create value (direct effects). 
To do so, they purchase goods or services from other 
companies (intermediate inputs), thereby stimulat-
ing further value creation (indirect effects). Value 
adding processes require production factors such as 
capital (e.g. machines, facilities, financial resources) 
and labour (e.g. workforce) to be used and remu-
nerated. This remuneration (wages, profits, taxes) 
stimulates consumption that leads in turn to further 
value adding (induced effects). 

Input-output models depict the value chain inter-
actions (i.e. the exchange of goods and services 
and the remuneration of primary factors) between 
economic sectors. These tables show the value 

transactions between the economic sectors (inter-
mediate consumption matrix), the consumption 
and/or export of goods and services (final use by 
economic sector) and the money spent on remu-
nerating the primary factors (e.g. wages, capital 
returns). The input-output model created by Fraun-
hofer CEM (CEM-IOM) shows the value chain inter-
actions between all economic sectors and regional 
districts in Germany. IOMs can be used to calculate 
the effects of hypothetical economic activities by 
creating corresponding usage vectors; in principle 
this can be done for direct, indirect and induced 
effects. Fundamental technological shifts that lead 
to changes in the intermediate input structures 
are difficult to depict in IOMs, however. Since the 
underlying intermediate input structures change 
fundamentally in the technological transformation 
modelled in this study, the current CEM-IOM does 
not allow any robust statements to be made about 
future indirect effects. In particular, the economic 
effects of investments in new facilities and equip-
ment and their maintenance (investment) will not 
therefore be taken into account. However, direct 
and induced value creation and employment effects 
are calculated as follows.

Employment and value adding are brought about 
to different extents by value creation activities in 
the chemical industry. Direct employment effects 
are therefore determined by the techno-economic 
analysis of the employment intensities (number 
of full-time workers per production unit18) of the 
technologies deployed. For those processes that 
are currently in use and will also be used in future, 
the production and cost structure surveys con-
ducted by the Federal Statistical Office are used 
as the basis for calculating the employment and 
value creation intensities.19 For processes not yet 

18	 Production units are generally units of weight (tonnes) of the 
primary product or educt.

19	 This involves assigning the corresponding processes (such as 
steam cracking), according to their primary products, to the 
respective product groups in the “Güterverzeichnis für Pro-
duktionsstatistiken” (GP 2019). Employment and value creation 
intensities are calculated on the basis of the production and cost 
structure surveys at the sixth classification level. To ensure plau-
sibility and close data gaps, data from the AfiD panel were used 
(cf. https://www.forschungsdatenzentrum.de/de/afid).

https://www.forschungsdatenzentrum.de/de/afid
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used on an industrial scale in Germany (such as 
methanol-to-olefins), employment intensities are 
calculated using techno-economic analyses of 
facility models in the scientific literature. The value 
creation intensities (defined as the value added per 
employee) of these processes will be determined 
by assigning appropriate current value creation 
intensities from the production and cost structure 
surveys.20 The employment intensities used for 
selected processes are shown in Table 2.

The employment intensities are used to project the 
direct employment effects by multiplying them 
with the projected plant capacities or production 
quantities of the optimised production systems 

20	 To this end, those value creation intensities at the sixth classifica-
tion level are used that most closely reflect the primary products 
or product portfolios of these processes. For example, the primary 
products of the methanol-to-olefin process are ethylene and 
propylene, which are assigned to Group 2014.11 of the GP 2019 
(acyclic hydrocarbons).

in 2045. The value creation effects are calculated 
by multiplying the projected employment figures 
with the value creation intensities. To project the 
induced effects, the employment figures are mul-
tiplied by the current average wages according to 
sub-sector21 in order to determine the total wages. 
The induced value creation effects are estimated 
by multiplying the total wages with the consump-
tion factor (i.e. the proportion of household income 
that is spent on domestic consumption) and the 
value creation multiplier for private households 
in the CEM-IOM. The value creation multiplier in 
the CEM-IOM for private consumption is based 
on the current consumer goods basket for private 
households and the current value creation inter-
actions in Germany. Figure A.1 shows a schematic 
representation of how the value creation effects 
are calculated.

21	 At the fourth classification level of economic segments according 
to GP 2019.

Overview of employment intensities in conventional and future  Table 2
production processes

Process Reference 
 variable

Employment
intensity in FTE/kT Reference/calculation

Haber-Bosch process Ammonia 1.1

Data from employment and production 
surveys conducted from 2014 to 2020

Hoechst-Wacker process Acetaldehyde 2.2

Chlor-alkali process Chlorine 1.4

Cryogenic air separation Nitrogen 1.0

Steam cracking Naphtha 0.6

Hydrodealkylation Benzene 2.0

Polymerisation of olefi ns Olefi n 3.4

Oxidation of ethylene Acetic acid/
ethylene oxide 2.2

Electrolysis Hydrogen 3 Based on Gupta et al. (2023), Jang et al. 
(2022) and Michalski et al. (2019)

Methanol-to-olefi ns/
aromatics Methanol 0.1–0.2 Based on Ruokonen et al. (2021)

Biomass gasifi cation and 
methanol synthesis Methanol 0.33–0.51 Based on AlNouss et al. (2020)

Waste pyrolysis Pyrolysis waste 0.45–0.55 Based on Hernandez et al (2023)

Agora Industry, Fraunhofer IKTS (2025)
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Modelling approach for calculating the value creation effects  → Fig. A.1

Fraunhofer IKTS (2025)

Employment = employment intensity x capacity

Total wages = employment x wage costs/capita

Value creation = Induced effects = total wages x 10 − multiplier
total wages  

wage proportion GVA
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8.3	 Scenario assumptions and  framework parameters

Scenario overview → Table 3

Partly fossil Domestic 
hydrogen

Domestic 
biomass

Hydrogen 
import

Intermediate 
product import HVC import

Brief 
 description 

The chemi-
cal  industry 
achieves 
 climate neu-
trality on bal-
ance by 2045 
but remains 
dependent on 
importing fos-
sil resources 
to meet 
its carbon 
demand.

The trans-
formation 
of resources 
demand 
focuses on 
using hydro-
gen and sup-
plying carbon 
via DAC and 
CCU. Bio-
mass is only 
available to 
meet carbon 
demand to a 
limited extent.

The trans-
formation 
of resources 
demand 
focuses 
on using 
domestic 
biomass 
potential 
and a circu-
lar chemical 
industry. 

This scenario 
is footed on 
the “domes-
tic biomass” 
resource 
path. To 
a limited 
extent, 
hydro-
gen can be 
additionally 
imported by 
pipeline. 

This scenario is 
footed on the 
“domestic bio-
mass” resource 
path. To a limited 
extent, hydrogen 
can be additionally 
imported by pipe-
line and hydrogen 
derivatives by ship. 

This scenario 
is footed on 
the “domestic 
 biomass” resource 
path. To a limited 
extent, hydrogen 
can be addition-
ally imported by 
 pipeline and hydro-
gen derivatives and 
high-value chemi-
cals (HVC) by ship.

Use of fossil 
resources Yes No No No No No

Available 
resource 
imports

Fossil 
resources No No Hydrogen: 

1 Mt

Hydrogen: 1 Mt
 Ammonia: 1 Mt

Bio-methanol: 9 Mt
CCU methanol: 9 Mt
Bio-ethanol 0.8 Mt

Hydrogen: 1 Mt
Ammonia: 1 Mt

Bio-methanol: 9 Mt
CCU-methanol: 9 Mt
Bio-ethanol 0.8 Mt
Ethylene: 1.69 Mt

Propylene: 1.17 Mt
C4 fractions: 

0.735 Mt
Benzene: 0.622 Mt
Toluene: 0.114 Mt

Xylene mix: 0.102 Mt

GHG target 
2045 
(CO₂eq)

0 Mt -15 Mt -15 Mt -15 Mt -15 Mt -15 Mt

CCS – 
capacity 
biogenic CO₂ 
and DAC

15.3 Mt 13.7 Mt 13.7 Mt 13.7 Mt 13.7 Mt 13.7 Mt

CCS 
capacity 
[EoL]

14.0 Mt 14.0 Mt 14.0 Mt 14.0 Mt 14.0 Mt 14.0 Mt

Available 
biomass 24.8 Mt 4.65 Mt 24.8 Mt 24.8 Mt 24.8 Mt 24.8 Mt

Agora Industry, Carbon Minds, Fraunhofer IKTS (2025)
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Other framework parameters → Table 4

Parameter Value Source

Costs of carbon transport 
and storage EUR 90 / t CO₂ Based on zero emission platform and 

Global CCS Institute

Electricity price 2030: EUR 90 / MWh; 2045: EUR 97 / MWh Agora Think Tanks et al. (2024)

Petroleum 2030: EUR 72.5 / bbl;  2045: EUR 65.7 / bbl IEA (2023), Agora Think Tanks et al. 
(2024)

Naphtha 2030: EUR 580 / t;  2045: EUR 525 / t Own calculation based on Agora Think 
Tanks et al. (2024)

Fossil gas 2030: EUR 22 / MWh; 2045: EUR 20 / MWh Agora Think Tanks et al. (2024)

Ethane 2030: EUR 477 / t;  2045: EUR 439 / t Own calculation based on Agora Think 
Tanks et al. (2024)

Available biomass 2030: 9.9 Mt; 2045: 24.8 Mt 80% of average unused biomass 
(31 Mt DM) acc. to DBFZ (2019).

Biomass prices EUR 150 / t TM
Own calculation based on Land-
wirtschaftskammer Niedersachsen 
(2024) and DBFZ (2019)

Import prices 70 % of domestic production costs Assumption

Transport costs of 
imports

Bio-methanol, ship: 0.0011 EUR / tkm
Bio-ethanol, ship: 0.0011 EUR / tkm
Green H₂, ship: 0.076 EUR / tkm
Green H₂, pipeline off shore: 0.31 EUR / tkm
Green H₂, pipeline onshore: 0.16 EUR / tkm
Ammonia, ship: 0.0012 EUR / tkm
CCU-Methanol, ship: 0.0011 EUR / tkm

Bähr et al (2023)

Demand development
Precursors: -0.6% per year
Intermediate products: -0.6% per year
Polymers: -0.2% per year

Based on VCI and VDI (2023)

Recycling potential 2030: 75% 2045: 85% Based on Agora Industry (2022) and 
Dechema (2022)
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