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Foreword 

Cefic initiated a roadmap to explore the impact, opportunities and risks of various energy and 

technology development scenarios for the European chemical industry in the timeframe from 2020 to 

2050. Cefic commissioned Ecofys to perform analyses and bring forward key conclusions and 

recommendations from their independent viewpoint, in close collaboration with the sector.  

This Roadmap shows that products of the chemical industry are used in all sectors of the economy. 

This makes the industry a powerful engine for innovation and sustainable development. Realising our 

potential, we will continue to work with our value chain partners and other stakeholders to develop 

the chemistry to enable innovative energy efficient and low carbon solutions.  

For this to happen, a complete chemical industry value chain from basic chemicals to consumer 

products is needed in Europe. Today this is seriously at risk. In a persisting situation of continued 

fragmentation, a policy shift towards reducing rather than further increasing EU energy and policy 

costs is urgently needed to ensure the competitiveness of the European chemical industry. 

The chemical industry has a long track record of improving its energy and resource efficiency, 

thereby lowering its greenhouse gas emissions intensity. It is recognised that innovation is crucial to 

ensure further improvements and develop breakthrough technologies that enable a low carbon and 

energy efficient European chemical industry. 

European and national policy makers have a key role to play towards an innovation-friendly 

environment in which European industry can thrive, ideally in a global level playing field. It is 

essential that the energy and climate policy framework in the EU stimulates sustainable and efficient 

growth. Under these conditions, innovations and investments that can mitigate global emissions will 

deliver their full potential.  

We believe in the future of the chemical industry in Europe and its capacity to create wealth and 

provide healthy living and high-quality jobs. A thriving chemical industry is an essential part of the 

solution for the challenge of climate change. We invite you to explore Europe’s energy and climate 

future with us. 

Kurt Bock - President of Cefic and CEO of BASF  

Tom Crotty - Chairman of Cefic Energy programme council and Group Director - INEOS  

A special acknowledgement goes to Jacques van Rijckevorsel - Former Chairman of Cefic Energy 

programme council and Member of the Executive Committee of Solvay, for his inspiring contribution 

to the study. 
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Executive summary 

The chemical industry has a crucial role in Europe’s transformation to a more energy efficient and low 

carbon future. The opportunities the sector offers and the challenges it faces are explored under four 

scenarios investigated in this Roadmap. Key findings are: 

1. Products of the chemical industry enable significant energy efficiency improvements 

and greenhouse gas emissions reduction in all sectors and are needed for Europe’s 

transformation to a low carbon economy. This enabling effect is likely to grow in the future. The 

2010 production of the European chemical industry is estimated to contribute to over 1.5 billion 

tonnes of avoided greenhouse gas emissions during product use, equivalent to roughly 30% of 

the total European greenhouse gas emissions in 2010.  

2. The competitiveness and growth of the European chemical industry value chain and its 

ability to attract investments will be damaged by isolated actions in terms of climate 

and energy policies, leading to rising costs for European operations:  

 Current energy and feedstock price differences with key competing regions outside 

Europe jeopardise the global competitiveness of Europe’s chemical industry and the value 

chain it supports. These differences are due to energy prices and policy costs. Limiting fuel 

mix choices, including restrictions on exploiting unconventional gas in a sustainable way, 

would worsen Europe’s disadvantage, hamper investments and could limit the development 

of some crucial greenhouse gas emission abatement options. 

 Increasing differences in policy costs in a continued, fragmented policy framework 

are estimated in direct CO2 costs alone at € 1.7 billion per year in 2030 and € 3.1 billion in 

2050 for the European chemical industry. This poses a threat to the competitiveness of the 

European chemical industry and its ability to meet the growing demand for chemical products 

with production in Europe. Unilateral European climate action to reduce greenhouse gas 

emissions by 80–95% in 2050 compared to 1990 would have a further deteriorating effect on 

production in Europe and the resultant trade ratio. The level of greenhouse gas emissions 

reduction achieved in Europe would, in case of increasing imports, be achieved at the 

expense of increased emissions elsewhere. There would be no overall reduction in global 

greenhouse gas emissions or even a potential increase. 

3. Fragmentation of policies and isolated EU approaches will reduce the European 

chemical industry’s potential for energy and greenhouse gas efficiency solutions and 

might increase global greenhouse gas emissions. Between 1990 and 2010, the European chemical 

industry was able to achieve an absolute greenhouse gas emission reduction of 50% as estimated 

previously and attract investments. Energy efficiency improvements will continue to 

contribute the most to future reduction of greenhouse gas emissions. N2O abatement and 

changes in the fuel mix for heat generation are other important options available to the chemical 

industry itself. All above options rely on further innovation and can achieve a greenhouse 

gas emissions reduction of 15 to 25% by 2030 compared to 2010 levels. Under a level playing 

field scenario, the European chemical industry could meet the growing demand for chemical 

products with production in Europe at a reduced greenhouse gas emissions intensity. However, it 
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should be noted that the emissions intensity is higher under a continued fragmented policy 

framework due to, among other reasons, a limited growth of the industry from relocation of 

production to outside of Europe. 

4. Deeper greenhouse gas emissions reduction is technically possible by decarbonisation of 

the power sector and, in addition, for the 2030–2050 timeframe, by carbon capture and storage 

applied to emissions from the chemical industry. These options are costly and require 

technological breakthroughs. They face several barriers that are largely outside the control of the 

chemical industry.  

It is essential that the energy and climate policy framework in the EU stimulates sustainable and 

efficient growth. Under these conditions, innovations and breakthrough technologies that can 

mitigate global emissions will deliver their full potential. A stable and predictable policy framework, 

dynamic enough to adapt to a changing global energy and climate policy outlook, will create 

increased certainty for business to undertake the path to a more energy efficient and low carbon 

future. 

Products of the chemical industry are important for all sectors of the economy to increase 

their energy efficiency and reduce greenhouse gas emissions. This enabling effect is likely 

to grow in the coming decades. 

While the chemical industry is a major energy user, responsible for about a quarter of industrial final 

energy use in Europe, its products help to save energy and reduce greenhouse gas emissions when 

they are used. Chemistry enables energy saving solutions in all sectors of the economy. A few 

examples, amongst many, are chemical solutions for insulation and efficient lighting in the buildings 

sector, lightweight materials for use in the transport sector as well as materials for wind turbines and 

solar cells for renewable energy generation. The products manufactured by the European 

chemical industry in 2010 are estimated to contribute to over 1.5 billion tonnes of avoided 

greenhouse gas emissions during their use. That is equivalent to roughly 30% of the total 

European greenhouse gas emissions in 2010. 

This enabling effect is likely to further increase, because there is still untapped potential to apply 

existing solutions and there are new low carbon technologies entering the market. Examples of 

products already in the commercialisation phase are vacuum insulation panels to reduce energy use, 

advanced solar cells for renewable power generation, and innovative packaging solutions that reduce 

food waste. A further shift to nitrate based fertilisers will reduce emissions from fertiliser use in the 

agricultural sector. 

The European chemical industry will continue to seek enhanced cooperation with other stakeholders 

along their value chain to foster development and greater uptake of these solutions, to realise energy 

and greenhouse gas emissions savings. Also, the industry will continue to contribute to further 

developing methodologies to quantify the contributions chemicals make to energy savings and overall 

greenhouse gas emissions reduction along the value chain.  
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A range of current and future technologies is available to the European chemical industry 

to continue its long track record in energy efficiency and emissions intensity improvements. 

Growth and innovation are essential to achieve deep net greenhouse gas emissions 

reduction in the decades to come. 

The demand for products of the chemical industry will continue to grow, driven by economic growth 

and the innovative solutions that the chemical industry provides. A competitive global level playing 

field in terms of energy and policy costs results in a European chemical industry that can meet the 

growing demand for chemical products from a growing European production capacity. The energy 

intensity per unit of sales could decrease by about 25% in the period between 2010 and 2030 and 

further afterwards. This results in constant level energy use in the period up to 2030 and a slight 

increase towards 2050 (Figure 1a). 

 

Figure 1a Final energy use and energy efficiency improvements from 2010 to 2050. 

Energy efficiency limits the absolute growth of energy use 
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Figure 1b Greenhouse gas emissions and contribution of greenhouse gas emissions 

reduction options from 2010 to 2050. A range of options can contribute to 

the greenhouse gas emissions reduction for the European chemical industry 

  

From Figure 1b it can be concluded that there are several routes to achieving greenhouse gas 

emissions reduction under a level playing field scenario: 

1. Ambitious energy efficiency improvements could reduce greenhouse gas emissions by about 

35% in 2050 as compared to a situation without further greenhouse gas intensity 

developments beyond 2010 (i.e. the upper line in figure 1b). There are, however, significant 

differences in the energy efficiency potential between the different subsectors, regions and 

chemical sites depending on, for example, actions already undertaken.  

2. Changes in the fuel mix for heat generation used to meet the heat demand for chemical 

processes (e.g. a further shift towards natural gas or biomass) would contribute to a further 

reduction of about 10% by 2050 as compared to a situation without greenhouse gas intensity 

improvements beyond 2010. Part of this greenhouse gas emissions reduction could be offset 

by greenhouse gas emissions in the cultivation of the biomass concerned.  

3. N2O emissions, a greenhouse gas emitted in the production of nitric acid and some other 

chemical products, will become close to zero. This option offers a similar potential as changes 

to the fuel mix for heat generation to reduce greenhouse gas emissions in the chemical 

industry towards 2050. 

The above three options together, which remain under control of the chemical industry itself, have 

the potential to reduce the emissions intensity by 40% in 2030 and 55% by 2050 as compared to a 

situation without further improvements in the greenhouse gas intensity beyond 2010. These options 

would reduce greenhouse gas emissions by 15% in 2030 compared to absolute 2010 levels 

with stabilisation around these levels towards 2050, building on an achieved reduction of 50% 

in 2010 compared to 1990 as previously estimated in other studies. 
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The Roadmap results show that less reduction in greenhouse gas emissions intensity of the European 

chemical industry would be realised with a continued, fragmented policy framework. Under such 

policy conditions, reductions in greenhouse gas emissions intensity would be approximately 30% in 

2030 and less than 50% in 2050 compared to 2010 (Figure 1c). The reduction in greenhouse gas 

emissions intensity is less in this scenario compared to the level playing field due to, among other 

reasons, a limited growth from relocation of production to outside Europe. Higher absolute 

greenhouse gas emissions reduction would be achieved by these options in Europe under such and 

other scenarios of fragmented action, up to 25% absolute greenhouse gas emission reduction in 2030 

compared to 2010. However, this would happen at the expense of relocation of production to outside 

of Europe, with no overall reduction in global greenhouse gas emissions or even a potential increase. 

Figure 1c Greenhouse gas emissions and contribution of greenhouse gas emission 

reduction options from 2010 to 2050 under a continued fragmented policy 

framework. Reductions in greenhouse gas emissions intensity are less when 

compared to the level playing field scenario in Figure 1b 

 

4. Deeper reductions in greenhouse gas emissions are possible by decarbonising the electricity 

production in Europe and by carbon capture and storage (CCS) applied to emissions from the 

chemical industry. These options are costly and require technological breakthroughs. They 

face several barriers that can, to a more limited extent, be steered by the chemical industry 

itself. For CCS, these barriers include the lack of public acceptance, large infrastructure 

requirements and questions around the feasibility and cost effectiveness of the technology for 

smaller, dispersed emission sources. Decarbonising the electricity sector comes with 

challenges related to grid and other infrastructure requirements to incorporate a large share 

of intermittent renewable electricity sources. 

This Roadmap did not quantitatively assess the end-of life emissions outside the chemical industry 

related to the use of fossil feedstock. But it did assess the options to reduce the fossil feedstock 
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requirement. This roadmap identifies potential for bio-based feedstock and increased use of recycled 

products.  

All the options described above rely on innovation, which is crucial to achieve deep greenhouse 

gas emissions reduction and continued energy efficiency improvements globally. Important research 

areas for the chemical industry include advanced biomass conversion processes, process 

improvements, and the utilisation of carbon dioxide as raw material (Carbon Capture and Utilisation, 

CCU). No quantitative estimates were made for the potential of CCU, it is still in very early stage of 

development. The chemical industry can and will deliver breakthrough technologies from a European 

manufacturing base, but only if Europe remains a competitive place attracting investments.  

The competitiveness and growth of the European chemical industry value chain and its 

ability to attract investments will be damaged by isolated actions in terms of climate and 

energy policies, leading to rising costs for European operations 

Differences in energy and feedstock prices as well as energy and climate policy costs between Europe 

and the rest of the world determine whether growing demand for chemical products will be met by 

production in or outside of Europe. Current energy and feedstock price differences with key 

competing regions outside Europe jeopardise the competitiveness of Europe’s chemical industry and 

the value chain it supports. If such differences were to persist, and in addition, policy cost differences 

were to further increase, for example due to policy-related levies on electricity prices in the EU and 

unfavourable EU emissions trading system rules, this would result in a negative trend in the trade 

balance for basic chemicals and lead to significant carbon leakage. The direct CO2 costs under a 

scenario of a continued, fragmented policy framework are estimated at € 1.7 billion per year of direct 

CO2 costs alone in 2030, rising to € 3.1 billion in 2050. This even excludes CO2 and other policy costs 

passed on via the electricity bill.  

The European chemical industry would, in this case, go from a positive to a negative trade ratio 

between 2030 and 2050. Such a scenario would see no further growth in production for 

Petrochemicals in Europe. Imports would further increase in the timeframe beyond 2030, despite 

growing demand for chemical products. There is a strong value chain integration between the 

energy-intensive basic chemical industry and the less energy-intensive parts where basic chemicals 

are used. Weakening the competitive position of the basic chemical industry will also negatively affect 

the other parts of the chemical industry.  

The extreme case of a strengthened, unilateral decarbonisation by Europe without global action could 

lead to very high energy and climate policy cost differences between Europe and the rest of the world. 

This would have a strong deteriorating effect on production and trade balance for the energy-

intensive parts of the chemical industry in Europe (Figures 2a and 2b). Under such a scenario, the 

energy-intensive subsectors will have lost their trade surplus between 2020 and 2030. Between 2030 

and 2050, production would start to decline, due to a lack of investment and potentially even 

divestments in Europe. Europe would then import the greenhouse gas emissions related to its 

demand for chemical products. Absolute greenhouse gas emissions reduction in Europe, required by 
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the unilateral targets would be achieved at the expense of lower production in Europe and increased 

emissions elsewhere, with no overall reduction of global greenhouse emissions or even potentially an 

increase. 

Figure 2a EU demand for and production of chemical products (expressed in 2010 € of 

sales). All scenarios show rising demand for chemical products. However, 

production substantially shifts outside Europe in the absence of a level 

playing field 

  

 

Figure 2b Net trade ratio expressed as net export as % of demand. Unilateral action 

will result in significant import dependence for chemical products with no 

overall reduction of greenhouse gas emissions 
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The competitiveness of the European chemical industry is seriously threatened in the absence of a 

global level playing field in terms of energy and policy costs. Figure 2a shows that with an increasing 

demand for chemical products over time, the level of European production will be retained in Europe 

under a global level playing field, whereas unilateral climate action would move production elsewhere. 

The European chemical industry is looking for measures that ensure comparable policy costs in the 

key economic regions. These measures should ensure that greenhouse gas emissions reduction takes 

place at the lowest possible cost. With globally converging energy and policy costs, the European 

chemical industry will continue to attract investment and keep a positive overall trade balance over 

time. This would result in employment and value creation. 

The energy and climate policy framework in the EU should stimulate sustainable and 

efficient growth of the chemical industry in Europe to attract investment and enhance 

future innovations. 

The current policy framework in Europe poses threats to the competitiveness of the 

European chemical industry. It thereby undermines its ability to attract investment and to provide 

further innovative solutions to increase energy efficiency and reduce greenhouse gas emissions. The 

EU emissions trading system, with an ex-ante allocation, limits the efficient growth of the 

manufacturing industry in Europe. Non-harmonised and restricted compensation for increased 

electricity costs creates differences in competitiveness between EU Member States. Sometimes, 

non-coordinated or excessive support for renewable energy may result in significant cost burdens to 

industry.  

Energy security, competitive energy prices and climate protection are all important pillars of 

European policy. However, the current EU energy and climate framework drives up energy related 

costs and generates uncertainty for needed investments. Limiting fuel mix choices, including 

restrictions on exploiting unconventional gas in a sustainable way, would worsen Europe’s 

disadvantage and hamper investments and could limit some crucial greenhouse gas emission 

abatement options. 

The chemical industry in Europe calls on policy makers to provide a policy framework that supports 

sustainable and efficient growth of the European industry: 

Europe should continue its efforts towards global rather than unilateral action against climate change. 

In the absence of a global climate change agreement, the design of the carbon market and further 

climate policy post-2020 should be further improved to promote efficient production and production 

growth in Europe. Measures to support the competitive position of the European chemical industry 

should be stable, predictable and coordinated across Europe. They should also avoid unnecessary 

cost burdens to European industry. Furthermore, the framework should be designed to incentivise the 

innovations required for deep greenhouse gas emissions reduction.  

A truly European energy policy should be developed, including fully integrated and well-functioning 

electricity and natural gas markets. This should guarantee a diverse and more competitive energy 

supply in Europe and allow for sustainable exploration of new forms of energy, such as 
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unconventional gas. Renewable energy support schemes should be simplified and more coordinated 

across Europe. Policy makers should direct the energy portfolio towards cost-effective renewable and 

alternative energy options that can serve our energy needs without excessive additional back-up 

capacity and infrastructure costs.  

The policy framework should take into account the role of the chemical industry in enabling energy 

efficiency and economy-wide greenhouse gas emissions reduction. Sustainable consumption should 

be further incentivised, focusing on the full life cycle performance of products and applications, taking 

on board the latest developments in methodologies.  

Research and development support for innovation should facilitate new breakthrough technologies in 

pre-competitive phases and should focus on innovative solutions across the borders of individual 

sectors. Cross sector cooperation is vital in the field of further energy efficiency improvements and in 

the area of new innovative product solutions.  

The policy package should enable market-oriented, cost-efficient technologies. It should help to 

overcome barriers such as public acceptance to and regulatory uncertainties surrounding new 

innovative technologies. A suitable support framework for the development of bio-based chemistry 

should be developed via standardisation of sustainability criteria for biomass, stimulation of cascaded 

biomass use and elimination of import duties. Also, it is important to develop adequate financing 

schemes for the adoption of energy efficient and low carbon technologies. 

Concerted, long term action by all stakeholders is critical to realise a low carbon and energy efficient 

future. Governments should help to create a favourable environment that encourages additional gains 

in efficiency and lowers energy use and emissions, while keeping a strong chemical industry in 

Europe. Industry should highlight priorities for support, accelerate capital investments as well as 

research and development, and prompt further focused collaborations with academia and government 

research laboratories. 
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1 Introduction  

1.1 The European chemical industry’s role in an energy efficient and low 
carbon society 

The European chemical industry is an essential industry manufacturing products used in the majority 

of everyday goods. The industry adds value to the economy and creates direct employment for 

1.2 million people (Cefic, 2012a). Looking towards 2050, the European chemical industry has the 

potential to continue as an innovative industry contributing to new and currently unknown solutions 

to fulfil human needs. 

The chemical industry uses fossil and renewable resources both as feedstock to make products and 

as a source of energy to generate heat, steam and electricity. It accounts for roughly one third of the 

combined energy and feedstock use of the European industry. Its energy and feedstock basis is 

largely fossil fuel based and as such contributes to the increasing level of greenhouse gases (GHG) in 

the atmosphere and to climate change. At the same time, the European chemical industry is a vital 

solution provider to create a more energy efficient and low carbon economy. It contributes to energy 

efficient solutions in almost all sectors of the economy, and the demand for products of the chemical 

industry will continue to grow. The challenge for the European chemical industry is to satisfy the 

demand growth for chemical products with highly efficient European production while reducing carbon 

dioxide (CO2) and other GHG emissions.  

For this to happen, the European chemical industry needs to be competitive in a global market place, 

which is challenging due to differences in feedstock and energy prices as well as climate policies and 

their ambition levels across the world. Globally, energy use continues to increase and to limit the 

most harmful impacts of climate change on society, global action is required to improve energy 

efficiency and to transform the energy system towards a lower GHG emissions intensity. Currently, 

the debate in Europe is focused on how to develop its energy and climate policies in the coming 

decades given the current absence of a global agreement on GHG emissions reduction and the 

uncertain outlook on reaching such an agreement in the years to come.  

 

1.2 A contribution to the post-2020 European energy and climate policy 
debate 

Under the auspices of the United Framework Convention on Climate change (UNFCCC), it is agreed to 

limit global warming to 2 ºC, requiring deep reductions in global GHG emissions (IPCC, 2007).The EU 
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Member States agreed to three targets1 for 2020 related to energy and climate change, often 

referred to as the 20 / 20 / 20 package: 

1. A 20% reduction in GHG2 emissions in 2020 compared to 1990 levels 

2. A 20% share of renewable energy in the EU energy mix in 2020 

3. 20% energy savings in 2020 compared to projected business as usual levels 

At the same time, Europe wants to strengthen its manufacturing base through raising its contribution 

to the EU’s gross domestic product (GDP) to 20% by 2020 (European Commission, 2012a). 

In order to keep the global temperature rise below 2 ºC, the European Council has agreed on the 

long term EU objective of reducing GHG emissions by 80–95% by 2050 compared to 1990. Currently, 

possible routes to reach such a low carbon economy in 2050 and the policy options beyond 2020 are 

being explored by the European Commission.  

In 2011, the European Commission published a roadmap for moving to a competitive low carbon 

economy (“Low Carbon Economy Roadmap”) (European Commission, 2011a). In this document, the 

European Commission sets out the main elements shaping the EU’s climate action to enable Europe 

to become a competitive low carbon economy by 2050. In the Low Carbon Economy Roadmap, the 

European Commission explored GHG emission reduction pathways for key sectors with economy-wide 

reductions in GHG emissions of 79% to 82% by 2050 compared to 1990 levels. Sectoral reductions 

projected for 2050 range between 42% and 49% for agriculture to almost full decarbonisation for the 

power sector. For industry, the analyses show that GHG emissions could be reduced by 83% to 87% 

in 2050. These reductions will be driven by using more advanced resource- and energy-efficient 

industrial processes, increased recycling, as well as abatement of non-CO2 GHG emissions.  

In the Low Carbon Economy Roadmap, it is acknowledged that continued measures to support the 

competitiveness of energy intensive and trade exposed industry are required in the absence of global 

action. The Low Carbon Economy Roadmap explores two options at a high-level: a lower reduction 

effort for the energy intensive industry, and continued support to compensate for additional costs 

incurred to the industry (European Commission, 2011a, Chapter 5). It also emphasises that for 

industry the solutions are sector-specific and the European Commission clearly sees the need to 

develop specific roadmaps in cooperation with the sectors concerned. 

                                                

1 For more background on the 20/20/20 package, reference is made to http://ec.europa.eu/clima/policies/package/index_en.htm  

2 Greenhouse gases (GHG) are “gaseous constituents of the atmosphere, both natural and anthropogenic, that absorb and emit radiation at 

specific wavelengths within the spectrum of thermal infrared radiation emitted by the Earth’s surface, the atmosphere itself, and by clouds,” 

as defined by the IPCC (IPCC, 2007 WGI Glossary). CO2 emissions are one of the GHG emissions included in the reduction target, with the 

other emissions being methane, nitrous oxide and fluorinated gases. 

http://ec.europa.eu/clima/policies/package/index_en.htm
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Furthermore, the European Commission also published an EU Energy Roadmap 2050 (European 

Commission, 2011b), to investigate possible scenarios to decarbonise the energy system. The EU 

Energy Roadmap explores five different decarbonisation scenarios in parallel with two current trend 

scenarios. In contrast to the Low Carbon Economy Roadmap, the EU Energy Roadmap does not 

explore scenarios where the EU achieves deep reductions in emissions in 2050 in the absence of 

global action, and focuses on decarbonisation scenarios where there is global action to meet the 2ºC 

target. Energy related GHG emissions reduction for industry in each of the decarbonisation scenarios 

is approximately 80% in 2050 as compared to 1990 levels3.  

The European chemical industry hereby contributes to the post-2020 energy and climate policy 

debate by preparing a Roadmap up to 2050, thereby taking a proactive attitude towards key 

stakeholders. This Roadmap provides, to the extent possible, bottom-up, technologically sound 

information on the European chemical industry’s possible contribution to a low carbon Europe. 

 

1.3 Objectives of this Roadmap 

The long term role of the chemical industry as Europe progresses to an energy efficient and low GHG 

emission future, and the sector’s potential to assist Europe in meeting its decarbonisation targets is 

investigated. The timeline for deploying existing and new technologies from 2020 to 2050 and their 

potential impact on energy efficiency and GHG emission levels, as well as the competitive position of 

the European chemical industry is assessed. Cefic commissioned Ecofys to perform analyses and 

bring forward key conclusions and recommendations from their independent viewpoint, in close 

collaboration with the sector.  

As a strategic orientation for this industry and a high level priority for Cefic’s Board, this Roadmap 

meets the need for the European chemical industry to develop a new, longer term strategic approach 

to energy and climate policy and contributes to the debate on the post-2020 policy framework. This 

Roadmap has three main objectives: 

1. Provide quantitative and more qualitative evidence on the options available to the European 

chemical industry to contribute to the EU’s long term GHG emissions reduction goals. These 

options apply to technologies and product development for the sector itself and for other 

sectors of the EU economy. 

2. Based on this evidence, define a long term vision for the European chemical industry within a 

European Union that progresses to a low GHG emission future by defining a number of 

plausible scenarios in the context of global market developments. 

                                                

3 For a more detailed discussion on the various roadmaps of the European Commission and their relation to each other, reference is made to 

the website of the European Commission (http://ec.europa.eu/energy/index_en.htm; http://ec.europa.eu/dgs/clima/mission/index_en.htm)  

http://ec.europa.eu/energy/index_en.htm
http://ec.europa.eu/dgs/clima/mission/index_en.htm
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3. Formulate recommendations externally to policy makers and internally to the European 

chemical industry based on the scenarios studied. 

 

1.4 Roadmap governance and methodology  

1.4.1 Project governance  

Cefic’s Energy, Health, Safety and Environment (HSE) and logistics Programme Council that reports 

directly to the Cefic board initiated this Roadmap. Day to day management of the project took place 

via a Roadmap Steering Committee with representatives from national chemical sector organisations 

and companies. Ecofys performed the analyses and brought forward key conclusions and 

recommendations, in close collaboration with the sector. Input from the sector was organised via 

three topic teams with experts from the European chemical industry (Figure 1-1). 

 

 

Figure 1-1 Roadmap governance 



 

5 

In the topic team Public Policy Review, the current energy and climate policy situation in Europe was 

assessed and a comparison was made between the policy burden in Europe compared to the rest of 

the world (Chapter 3). The topic team Technology and Innovation provided key input on the energy 

efficient and low carbon technologies that are available to the chemical industry and on the 

applicability of these technologies under the scenario assumptions (Chapters 5 and 7). The topic 

team Markets supported the project by providing input on the development of the demand for and 

production of chemical products in Europe (Chapter 7) and by defining the scenarios in terms of 

market developments (Chapter 6).  

In the early phases of this Roadmap, four regional workshops were organised in Paris (for Western 

Europe), Milan (for Southern Europe), Warsaw (for Eastern Europe) and Stockholm (for Northern 

Europe). The aim of the workshops was twofold: 

 To inform chemical sector organisations and companies in the respective regions about the 

objectives of the Roadmap; 

 To exchange with the participants on key regional characteristics of the chemical industry and 

to receive inputs from national or regional initiatives that of relevance in preparing the 

Roadmap.  

The workshops were organised by the national sector organisations of the countries where the 

workshops took place. The Paris workshop was organised as a joint effort by the German and French 

sector organisations VCI and UIC. The insights gained in the workshops were used to give regional 

context to some of the key inputs used for this Roadmap and to some of the key conclusions and 

recommendations. Reference to these regional workshops is made at several places in this Roadmap. 

  

1.4.2 Roadmap methodology 

The approach taken in this Roadmap can be characterised by the following key elements: 

 A pan-European approach is taken focusing on the development for the European chemical 

industry as a whole and not on developments in individual countries or regions. Data for the 

EU-27 was taken as a basis for the calculations. 

 As the context in which the European chemical industry will develop is uncertain, the future of 

the chemical industry is explored using four scenarios.  

 The scenarios differ mainly in three ways: firstly, in their assumptions regarding the energy 

and climate policy environment in Europe and in the rest of the world; secondly, in their 

outlook on the development of energy and feedstock prices; and finally with respect to the 

speed of innovation. 

 The scenarios result in four different pathways regarding the development of demand for and 

production of chemical products in Europe, the development and uptake of energy efficient 

and low carbon technologies, and the resulting energy use and GHG emission pathways for 

2020, 2030 and 2050, using 2010 as the base year of analysis.  
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 From the scenarios, recommendations are drawn on the conditions required to realise the 

development and deployment of energy and low carbon technologies while ensuring a healthy 

and competitive European chemical industry up to 2050. 

 In line with the subsector classification normally used by Cefic, five subsectors of the 

chemical industry are distinguished: Petrochemicals (including intermediates), Basic 

Inorganics, Polymers, Specialty Chemicals and Consumer Chemicals (see Section 2.1 for 

more explanation). In addition, cracker products, ammonia, chlorine and nitric acid are 

studied in more individual detail given their importance in the overall energy and emission 

profile of the chemical industry in Europe. For the avoidance of doubt, the pharmaceutical 

industry is not included in this study unless otherwise stated 

This Roadmap investigates scope 1 (GHG emissions4 in the European chemical industry) and scope 2 

(GHG emissions related to the production of purchased electricity and heat) only (Figure 1-2)5. 

Therefore, scope 3 GHG emissions of the European chemical industry are not included6. This means 

that emissions from fossil fuel exploration and production, emissions from the cultivation of biomass 

(e.g. those related to indirect land-use changes) and emissions related to the end-of-life treatment of 

chemicals are not included. This choice of scope also implies that an emission factor of 

zero t CO2 per unit of biomass used as an energy source or feedstock is used in the calculations (for a 

further discussion on the overall GHG emission impact of biomass, see Section 5.2.1).  

It is important to note that pathway assumptions and conclusions in the time frame nearer 2030 are 

more firmly based on quantitative analysis than those done for the period after 2030. The projections 

for 2050 are inevitably more of a qualitative nature and subject to inherent uncertainties. The 

scenarios developed in this roadmap should not be regarded as precise predictions of the future but 

as possible routes the European chemical industry could take under certain predefined assumptions 

regarding economic development, energy prices and the policy landscape.  

 

                                                

4 Within this Roadmap CO2 emissions from the use of fossil fuels and N2O emissions are taken into account; CO2 from fossil fuels and N2O are 

the two most important GHG emitted by the chemical industry. 

5 This definition of scope 1 and 2 is in line with the GHG protocol developed by the World Business Council for Sustainable Development 

(WBCSD), http://www.ghgprotocol.org/ 

6 Defined in the GHG protocol as “other indirect emissions, such as the extraction and production of purchased materials and fuels, 

transport-related activities in vehicles not owned or controlled by the reporting entity, electricity-related activities (e.g. transport and 

distribution losses) not covered in Scope 2, outsourced activities, waste disposal, etc.” (http://www.ghgprotocol.org/) 

http://www.ghgprotocol.org/
http://www.ghgprotocol.org/
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Figure 1-2 Summary of the scope of assessment in this Roadmap 

 

1.5 Overview of this Roadmap 

Chapter 2 provides an overview of the European chemical industry, while Chapter 3 describes the 

current policy landscape for the European chemical industry. Chapter 4 focuses on the European 

chemical industry as an enabler of energy efficiency and emissions reduction for sectors across the 

economy. In Chapter 5, the energy efficiency and GHG emission abatement options that are available 

now and in the future are described. The four scenarios are described in Chapter 6, followed by 

Chapters 7 and 8 that provide the results of the scenarios, and explore the future of the European 

chemical industry in terms of production, GHG emissions and differing energy profiles. The final 

Chapter 9 contains policy recommendations and conclusions. 
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2 The chemical industry today  

2.1 A diverse and essential industry  

Products from the chemical industry are present in the majority of everyday goods as detailed in 

Figure 2-1. The chart shows that the chemical industry underpins virtually all sectors of the economy. 

The big industrial customers of the chemical industry are the rubber and plastic converting industry, 

construction, pulp and paper. Nearly two-thirds of chemicals are supplied to EU industrial sectors, 

including construction. More than one-third of chemicals are supplied to other branches of the EU 

economy such as agriculture, services and other business activities. The product chains of the 

Petrochemical industry are given in Figure 2-2 as a further example showing the diversity of product 

applications of the chemical industry.  

 

Figure 2-1 Output of the chemical industry by customer segment for EU-27 based on 

Eurostat data Input-Output 2000 (Cefic, 2012a) 



 

 

 

Figure 2-2 Chemical products make things happen (APPE, 2012, used with permission)  
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For the purpose of this Roadmap, the millions of products of the chemical industry are categorised 

into five key subsectors, which are briefly outlined in Box 2-1.  

Box 2-1 Subsectors of the chemical industry  

The Petrochemical sector produces organic building blocks of the chemical industry, like olefins and 

other monomers, aromatics, alcohols and other intermediates based on these products. 

The Basic Inorganic industry is a diverse industry. In this sector, the key inorganic building blocks 

for the chemical industry are produced. Examples are ammonia which is important for the nitrogen-

based fertilizer industry, and chlorine, that is an important raw material for example for poly vinyl 

chloride (PVC) and other chlorinated compounds. 

The Polymer industry uses some of the intermediates from the Petrochemical sector to form long 

polymer chains that can be moulded to a variety of end-products, for example to packaging films, 

automotive parts or insulation materials. 

Specialty Chemicals include products such as paints and inks, crop protection, dyes and pigments. 

They are produced in small volumes but represent significant value, fulfil a specific function, and are 

often designed for a particular customer’s need. 

Consumer Chemicals are sold to end customers, such as soaps and detergents, perfumes and 

cosmetics.  

 

Petrochemicals, Basic Inorganics and Polymers account for roughly 60% of the EU chemical industry 

sales with Specialty and Consumer Chemicals representing the remaining 40% (Figure 2-3). Total 

sales in 2010 (the base year of analysis in this roadmap) were € 491 billion. There are significant 

regional differences in Europe in terms of product portfolio and the shares of the various subsectors.  

The chemical industry directly accounts for 1.1% of total EU GDP. It contributes to the economic 

performance in many sectors that use the products of the chemical industry to create further value 

added. The sector directly employs about 1.2 million people in the EU and indirectly (e.g. via service 

providers and consultants) provides employment to many more (Cefic, 2012a).  
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Figure 2-3 Chemical production by subsector in billion € sales (Cefic, 2012a) 

 

2.2 The global competitive environment of the European chemical industry 

The chemical industry operates in a global market-place. The EU chemical trade surplus in 2010 (the 

base year of the analyses in this roadmap) was € 42 billion, with 70% of this surplus resulting from 

the Specialty and Consumer Chemicals subsectors (Figure 2-4). It should be noted that overall, the 

trade balance of the EU in 2010 was a deficit of € 178 billion (Eurostat, 2012a). The most important 

trade partners outside the EU are the rest of Europe (non-EU) followed by the NAFTA region (North 

American Free Trade Agreement market) and Asia (excluding China and Japan) accounting for about 

80% of total trade flows with countries outside the EU. 
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Figure 2-4 EU chemical trade surplus by subsector (Cefic, 2012a)  

The European chemical industry thus operates in a competitive environment. Production costs such 

as energy and feedstock costs impact the competitiveness of the sector. The trade position of the 

more energy intensive subsectors of the chemical industry has weakened in recent years (Figure 2-4 

and Figure 2-5). This is in contrast to the historically strong position of the EU chemical industry. 

Trade developments with the Middle East show that this region increasingly uses its feedstock price 

advantages and availability. Petroleum and associated gas available in this region are used to develop 

an integrated chemical industry and further strengthen not only its position in a wide range of basic 

chemicals, but now also some Specialty Chemicals. The trade position with the USA has weakened in 

most subsectors. One of the reasons for this is the lower fossil fuel prices in the USA which have been 

largely induced by the rapid development of unconventional oil and gas, leading to a strong increase 

in the production of oil and gas. Russia has, until now, been unsuccessful in using its competitive 

advantages in terms of raw materials for basic chemicals. 
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Figure 2-5 Extra-EU trade position – analysis of changes between 2005 and 2010 and 

between 2010 and 2011 (Cefic, 2012a)7 

                                                

7 An improved competitive position means that the trade surplus (in %) has increased between 2005 and 2010 or 2010 and 2011 (green 

colour) or that the trade deficit has become smaller (blue colour).  
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2.3 Past achievements in energy efficiency and GHG emissions reduction 

Energy efficiency has always been high on the agenda of the European chemical sector given the 

importance of energy costs. Between 1990 and 2010, energy consumption fell by 20% while 

production climbed 70% in the same period (Figure 2-6, production index based on value in constant 

prices)8. This has resulted in an energy intensity decrease (energy use divided by the production 

index) of more than 50% (Cefic, 2012a). Reductions of energy intensity were delivered by 

improvements in energy efficiency, such as the implementation of combined heat and power as an 

efficient way to meet the electricity and heat demand of the chemical industry, as well as by 

continuous process improvements. It should be noted that the steep decline observed can also be 

partly caused by structural changes within the chemical industry (i.e. a shift to higher value added, 

lower energy intensive products) and by the use of a value based (albeit inflation corrected) index 

which is sensitive to elements such as profit margins. 

 

Figure 2-6 Development of chemical production (production index based on value in 

constant prices), energy consumption and energy intensity (indexed, 1990 = 

100, Cefic, 2012a) 

                                                

8 All data in this Section is given for the European chemical industry including pharmaceuticals 
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Despite substantial increase of 70% in production, GHG emissions have been halved since 1990 

(Figure 2-7). The reduction in GHG emissions exceeds the decline in energy use as a result of shifts 

in the fuel mix towards less carbon intensive fuels (lowering GHG emissions, but not the energy use 

as such) and also because of a decline in process emissions. N2O emissions in the chemical industry 

were, for example, significantly reduced by the opt-in in of various nitric acid plants into the second 

phase of the EU emissions trading system (2008–2012), a reduction which is projected to continue in 

the years to come (Chapter 7). 

 

Figure 2-7 Development of chemicals production (production index based on value in 

constant prices) and GHG emissions (indexed, 1990 = 100, Cefic, 2012a) 

 

2.4 Energy use in the European chemical industry  

In the chemical industry, both fossil fuels and biomass are used for a wide variety of applications. An 

important distinction is the use of these materials for feedstock and energy purposes. Fossil fuels and 

biomass can be used for energy purposes, for instance to generate heat or power which drive 

compressors and pumps. Furthermore, fossil fuels and biomass can also be used as feedstock to 

create products.  



 

16 

GHG emissions are released when fossil fuels are used for energy purposes. However, when fossil 

fuels (such as natural gas and / or naphtha) are used as feedstock to make products, the carbon is in 

many cases embedded in the product. For example naphtha is used as a feedstock to produce 

ethylene (C2H4), which is polymerised to create polymer products. The carbon content then ends up 

in the polymer products. For the avoidance of doubt, the GHG emissions related to the end-of-life 

treatment of these products when this carbon is released (e.g. energy recovery) are not included in 

the scope of this Roadmap (Section 1.4).  

In 2010, the total final energy use in European chemical industry amounted to approximately 

3,000 Peta Joule (PJ), and total feedstock was about 2,100 PJ as shown in Figure 2-8. The combined 

total energy use, including feedstock, is approximately one third of the total industrial energy use in 

Europe.  

  

Figure 2-8 Feedstock and energy use by the European chemical industry in 20109  

The bulk of the feedstock and energy use in the chemical industry can be allocated to a limited 

number of key production processes (Neelis et al., 2007; Saygin, 2012). The steam cracker process 

to produce the building blocks of the Petrochemical industry, the production of ammonia (the key 

building block for the fertiliser industry) and the production of chlorine are together responsible for 

                                                

9 Ecofys analysis based on IEA (2012a), Saygin (2012). Fuel use includes fuel use in boilers and heat related input into combined heat and 

power installations. Feedstock use is corrected for backflows to refineries using expert judgments on the energy balance of the cracker 

products production.  
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approximately one third of energy use (excluding feedstock use) and are studied at the product level 

in this Roadmap.  

The energy use by subsectors is shown in Figure 2-9, which shows that the Petrochemical and Basic 

Inorganics subsectors consume most energy. In addition to the oil and gas feedstock use given by 

subsector in Figure 2-9, biomass is used as feedstock as well. It is difficult to find reliable data on 

biomass used as feedstock, which was estimated at 110 PJ for 2010 based on expert judgments 

within the topic team Technology and Innovation. Given the uncertainty in this estimate, it is not 

allocated to individual subsectors and therefore omitted from Figure 2-9.  

Dividing the energy use over the sales by subsector yields the energy intensity overview given in 

Figure 2-10 and Figure 2-11. There is inherent inaccuracy in the (subsector) energy data for the 

chemical industry (see e.g. Neelis et al., 2007). This is due to the complexity of the chemical industry, 

the use of fossil fuels and biomass as feedstock and for energy purposes, and the fact that several 

companies produce products that belong to different subsectors, In Chapter 9 it is recommended to 

continue the efforts towards better quality data for the chemical industry. 

 

Figure 2-9 Final energy consumption per chemical industry subsector, 201010 

                                                

10 Source: Ecofys analysis based on IEA (2012a), Saygin (2012), and Eurostat (2007). Final fuel use includes fuel use in boilers and heat 

related input into combined heat and power installations assuming a 90% reference efficiency for heat production in line with the energy 

efficiency directive (European Commission, 2012c) and natural gas as fuel. Only feedstock use of energy is shown and feedstock use of 

chemical upstream products is not shown. For example petrochemical products such as ethylene have energy content and are used as a 

feedstock to produce Polymers, but are not shown in this figure. Bio-based feed is not shown, because it cannot be attributed to subsectors 

with sufficient accuracy.  
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Figure 2-10 Energy use per unit of sales of the five chemical industry subsectors in 

201011  

 

Figure 2-11 Energy costs as a proportion of sales for the five subsectors of the chemical 

industry subsectors in 201012  

                                                

11 Ecofys analysis based on ChemData (2012), IEA (2012a), Saygin (2012), and Eurostat (2007). Final fuel use includes fuel use in boilers 

and heat related input into combined heat and power installations. Use of energy carriers as feedstock is excluded. 
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The energy intensity overview in Figure 2-11 clearly highlights the high energy intensity of the 

subsectors producing basic chemicals as compared to the Specialty and Consumer Chemicals 

subsectors.  

Based on the final energy use figures, the CO2 emissions from combustion, i.e. heat generation in the 

chemical industry are estimated to be 132 Mt CO2 in 201013. In addition, process emissions including 

N2O emissions from nitric acid and other chemicals amounted to 43 Mt CO2e in 2010. Furthermore, 

the indirect CO2 emissions associated with power consumption totalled 59 Mt CO2, making the total 

footprint of own emissions and purchased electricity of the European chemical industry 235 Mt CO2. 

The CO2 emissions for power consumption were calculated in line with the electricity scenarios from 

the EU energy roadmap. Therefore, an emission factor for electricity of 310 t CO2
 / TWh is used for 

the calculation of indirect emissions from electricity. The emissions from the EU chemical industry 

were about 5% of the total EU GHG emissions in 2010.  

 

Figure 2-12 Overview of GHG emissions from the European chemical industry in 2010 

The energy and emission profile for 2010 as shown above forms the base year data for this Roadmap. 

In line with the scope demarcation given in Section 1.4, energy use and emissions outside the 

boundary of the chemical industry are not part of the quantitative assessment. 

                                                                                                                                                      

12 See previous footnote for an overview of sources used. 

13 Using emission factors of 56.1 t CO2 / TJ for gas, and 94.6 t CO2 / TJ for coal in line with the IPPC guidelines for national GHG inventories 

(IPCC, 2006). For oil products, the emission factor of natural gas is used to reflect that the majority of the oil product use relate to 

by-products from e.g. the steam cracker process that have an emission factor that is closer to that of natural gas than to that of standard oil 

products.  
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3 Comparing policy frameworks 

3.1 Operating in a complex policy environment  

Major economies have their own individual frameworks for energy and climate policies. As a result, 

today’s international energy and climate policy landscape is fragmented and diverse. This 

fragmentation is caused by strategic, historical and geological circumstances as well as political 

choices such as different levels of ambition and the type of policy instruments chosen. This global 

diversity determines the energy and manufacturing cost dynamics in Europe, which in turn influence 

the relative competitiveness of the European chemical industry.  

Europe’s dependence on fossil energy imports is increasing due to diminishing own resources. If the 

relative energy resource disadvantages and differentials in terms of policy costs increase between 

Europe and the rest of the world, the competitiveness of the European industry will be affected. 

However, Europe is surrounded by resourceful energy supply regions and can actively develop its 

external relations as major global customer and diversify supply. Moreover, Europe can also introduce 

policies stimulating domestic supply (e.g. renewables, unconventional energy sources). 

 

3.2 The EU policy landscape 

The EU has outlined its ambition to reduce the environmental impact of European economic activities. 

The EU has translated its renewable energy, energy saving and GHG emission reduction targets for 

2020 into legislation to ensure the achievement of the targets. Targets and policy tools overlap to 

some extent and interact with each other. Depending on the policy instruments, Member States can 

have a significant freedom in the implementation of European legislation. The role and actions of 

Member States are therefore decisive in many fields of energy and climate policy. As a result, despite 

common European legislation, comparable conditions for economic actors are not automatically 

created in different Member States, and the impact and cost-effectiveness of a given policy often 

varies between Member States.  

Table 3-1 gives an overview of the EU energy and climate policies affecting the European chemical 

industry. The policies with most impact on the chemical industry are the following: 

EU emissions trading system 

Emissions trading is a tool to achieve an agreed emissions reduction cost-effectively. The carbon 

market price for CO2 allowances is being determined by supply (defined by the emissions cap) and 

demand of companies that decide their own strategies how best (at lowest cost) to reduce GHG 

emissions. In the EU emissions trading system (ETS), companies within the EU ETS scope need to 
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surrender allowances for every tonne of GHG they emit. The EU ETS started with free allocation 

primarily based on historical emissions, which differed per Member State in phase 1 (2005–2007) and 

phase 2 (2008–2012). In phase 3 of the EU ETS (2013-2020), the methodology for free allocation of 

allowances is harmonised across Europe. All allowances for electricity generation will be auctioned, 

and free allocation of allowances will be benchmark-based for industry. The harmonised system of 

free allocation of allowances and the creation of industry benchmarks rather than free allocation 

based on historical emissions are important steps forward. However, other (competing) national and 

EU policies such as energy efficiency policies and renewable energy policies may reduce the demand 

for CO2 allowances. This in turn pushes downward the carbon market CO2 price, but can result in 

higher overall costs.  

The allocation method with benchmarks is still ex-ante fixed, meaning that allocation of free 

allowances is based on historical production data. The present EU ETS rules with ex-ante free 

allocation for direct emissions lead to two problems: (1) over-allocation during economic recession 

and (2) under-allocation in times of economic recovery posing barriers for growth. The 

over-allocation due to recession became a central point of debate. The European Commission (2012a) 

stresses that measures are urgent. In the Carbon Market Report (European Commission, 2012b), six 

non-exhaustive options for structural measures are identified. As set out in their response to this 

document (Cefic, 2013), the European chemical industry is opposed to short-term market 

interventions in the trading period before 2020, but rather supports structural improvements for the 

longer term. 

Problems with potential under-allocation directly affect competitiveness and increase the risk and 

likelihood of carbon leakage. Carbon leakage is a complex issue with various mechanisms (see also 

Section 7.2). Carbon leakage is defined as emissions displaced as a result of asymmetric climate 

policy (e.g. Reinaud, 2008) and creates loopholes in environmental policy. Various forms of carbon 

leakage can be distinguished (Dröge, 2009), including production carbon leakage and investment 

carbon leakage. Production carbon leakage occurs if production in Europe is more expensive than 

elsewhere; investment carbon leakage occurs when the expected overall return on investment in 

Europe is lower than in other parts of the world. If for example a production shift takes place 

representing 10 Mt CO2 in the EU to non-capped manufacturing plants outside the EU with the same 

carbon efficiency (thus creating 10 Mt CO2 emissions abroad), then the carbon leakage is 10 Mt CO2. 

The environmental loss is 10 Mt CO2 because the intended reduction did not take place. The 

environmental loss will be even higher if the manufacturing plants abroad are less efficient or if the 

fuel mix is more GHG emissions intensive.  

Barriers and risks for growth under the present EU ETS allocation rules were investigated in Schyns 

et al. (2012). These barriers and risks can cause investment carbon leakage. A possible way to make 

industrial growth possible is through the new entrants’ reserve (NER). However, the chemical 

industry is concerned about the legal and operational uncertainties around the (long term) existence 

of the NER and the access to the NER (e.g. for growth through debottlenecking). A possible solution, 

proposed by the chemical and other manufacturing industry, is to introduce ex-post benchmark 
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based allocation, which reflects actual production levels (Alliance, 2007; Ecofys, 2008; Alliance, 2011; 

Cefic, 2012b). 

The free allocation of allowances in phase 3 is based on the stringent top 10% benchmarks (average 

of the 10% best installations in the EU), which causes 95% of installations to have a shortage against 

the benchmarks.  

Furthermore, the application of the cross-sectorial correction factor (CSF) increases the shortage. 

This shortage does take away financial resources from many entities that need to invest in low 

carbon technologies to reach benchmark levels. Although to some extent inherent to a benchmark 

based free allocation methodology, the allocation could have taken into account the time required to 

reach the benchmark emission level by taking a less stringent benchmark, an opinion given at some 

of the regional workshops (Section 1.4).  

In addition to the direct costs, there are indirect costs passed on by the electricity providers through 

end-user electricity prices. Member States are allowed to grant financial compensation for the 

increase in electricity prices due to the ETS. This compensation, however, is likely to be inconsistent 

throughout Europe and unpredictable for industry. The regional workshops made clear that many 

Member States do not plan to offer financial compensation, resulting in an uneven playing field across 

Europe.  

Due to the currently low CO2 prices in the EU ETS, the total costs for the industry are limited at 

present, but uncertainties around future costs remain an important concern for the chemical industry 

in the European Union. The current design of the EU ETS can cause a direct loss of investments due 

to the barriers for growth as explained above. 

Renewable energy policies 

Access and availability of renewable energy sources as well as national policies are varying widely 

across Europe, both in terms of stringency and cost implications. Renewable energy support policies 

have an increasing impact on consumer end-user electricity prices. Policy instruments that pass on 

the costs of renewable electricity support to electricity consumers have a direct impact on the costs 

of industry, on top of the ETS related costs. In some countries there is a significant cost pass-through 

to parts of the industry. However, large energy users are, in several other countries, (partly) 

exempted from paying for the costs of renewable energy support. In other countries, the costs are 

not passed through to final energy consumers but born by public budgets. In some countries, the 

costs can be relatively high, while in other countries, the costs are still moderate. These differences in 

policy design, exemptions and cost pass-through result in a non-transparent and uneven playing field 

in Europe and can be an extra driver for carbon and investment leakage. In several of the regional 

workshops organised in the context of this Roadmap (Section 1.4), this issue came back (Box 3-1). 
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Box 3-1 Cost implication of renewable electricity support differs from country to 

country  

Many Member States cover the costs for renewable energy support via levies on the end-user 

electricity prices. The total costs for renewable energy support is expected to nearly double by 2020, 

leading to an estimated cost level of about 15 € / MWh, if the additional costs are averaged over all 

electricity consumed in the European Union (RE-Shaping, 2012). The regional workshops organised 

in the context of this Roadmap (Section 1.4) made apparent that the cost burden to industry related 

to these levies differ from country to country and also between subsectors of the chemical industry. 

In both Germany and Italy, energy intensive consumers are exempted from the often significant 

renewable electricity support levies for competitiveness reasons. However, the levies result in high 

cost burdens for less energy intensive small and medium size chemical industries, causing 

competitiveness problems for those industries. These observations from the regional workshops are 

an important basis for the recommendation in Chapter 9 to better coordinate renewable electricity 

support across Europe. 

 

The costs arise from two main sources: (1) subsidies for the generation of renewable electricity, for 

example in the form of feed-in tariffs or costs to comply with renewable energy obligations, and (2) 

costs for balancing the system due to the intermittent nature of sources like wind and solar power. 

The costs for balancing the system are still relatively moderate but are likely to increase in the future 

as the proportion of renewables grows. The most important options to integrate large amounts of 

renewable electricity into the power system are better utilisation of existing grids, grid expansion, 

including international interconnections, demand response management by industry and small 

consumers, and storage systems, like pumped storage. 

Given the rising costs for the chemical industry of renewable energy policies and the accompanying 

infrastructural needs, the chemical industry is concerned that exemptions from the cost pass-through 

to energy intensive industries can come under pressure, at least in the public debate. So far, the 

chemical industry has mostly been exempted from renewable energy levies. Passing through 

substantial parts of the total costs will, however, have significant impact on the more electricity-

intensive companies in the chemical industry. 

Energy efficiency 

The effect of the Energy Efficiency Directive on energy costs and energy savings is still uncertain as it 

depends largely on national implementation. It could somewhat level the playing field in Europe by 

creating similar framework conditions in all Member States, as a joint ambition is formulated. But 

there may still be substantial differences in the way the directive is implemented in terms of sectoral 

coverage, policy tools, and effective ambition. In the directive, initial differences between industries 

are not taken into account, at least not formally.  
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It is important to make a clear distinction between absolute energy saving ambitions with a total cap 

on energy use, which result in absolute energy savings targets, and more relative energy efficiency 

targets, which focus on reducing the energy intensity per unit of output. Product specific energy 

efficiency improvements are a clear contribution to sustainable and efficient growth, whereas 

overarching efficiency targets may lead to a product shift instead of physical efficiency improvements 

and absolute targets could even hamper growth. The findings of this Roadmap make clear (see 

Chapter 7) that deep GHG emission reduction in the European chemical industry can imply an 

absolute increase in energy use.  

It should be noted that while there is a global agreement that greenhouse gas emission must be 

reduced, achieving absolute energy savings is not self-evident. The environmental impact of energy 

consumption strongly depends on the type of energy used. The use of renewable energy is today 

mainly restricted by costs, but the available potential is huge and exceeds the total energy needs of 

mankind.  

The Directive provides incentives to improve, for example, the energy efficiency of buildings, which 

leads to more demand for energy-saving products from the chemical industry. Furthermore, if 

companies identify further opportunities for energy and cost savings, the directive could improve the 

competitiveness of industry. However, energy saving obligations will also incur costs to consumers 

and industry (e.g. mandatory savings, voluntary agreements, audits etc.). There is a risk that the 

costs of energy efficiency obligation schemes are passed through and thus increase energy end-user 

prices. Badly designed instruments can significantly increase administrative burden to industry.  

Both energy savings and energy efficiency targets may lead to a situation where resulting GHG 

emission reduction is not achieved in the most cost-effective way. In addition, there can be 

conflicting objectives. For example, the application of carbon capture and storage to achieve GHG 

emissions reduction requires additional energy use. 

Energy Taxation 

The current European Energy Taxation Directive prescribes minimum taxation levels for energy 

consumers. A review currently in preparation, introduces alongside the energy component, a CO2 

component in the taxation for industries and other consumers not subject to the ETS. This could help 

to share the responsibility of mitigating climate change across all sectors in society and avoid a too 

narrow focus on the ETS sectors only. The fact that the Directive poses minimum taxation levels to 

some extent reduces the differences between Member States. There are currently significant 

differences between Member States in the tax levels to industry and the exemptions granted, which 

results in an uneven playing field between Member States. Furthermore, there is uncertainty about 

future exemption of ETS sectors for the CO2 part and the tax level for the energy part for industries 

competing globally. 
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Research and innovation policy 

European research cooperation and public private partnerships (PPP) increase the likelihood of 

scientific breakthroughs and can thus potentially strengthen the competitive position of the chemical 

industry. Some support for research and innovation is provided at EU level. However, EU research 

programmes are heavily regulated. Risk taking is not encouraged since funding is largely dependent 

on the process and less on results. Furthermore, European research policy is not sufficiently 

complemented with strong support for the development and application of innovative products and 

processes. The major part of European public research and innovation spending is provided by 

national research programmes. These national programmes are insufficiently coordinated with each 

other and national funding programmes are in most cases not open for participation of research 

entities from other Member States. A European research area that allows the free movement of ideas 

and researchers, thus increasing the efficiency of European research and development, remains a 

work in progress.  

Consolidated European energy strategy and enhanced infrastructures 

Energy mixes and energy sourcing strategies remain under the control of Member States resulting in 

a variety of energy sources (ranging from nuclear to geothermal) and costs. A full integration of the 

European electricity and gas markets has not yet been achieved. This is due to a lack of competition, 

and the challenges in ensuring cost-efficient use and access to infrastructures. Existing national and 

EU policies interfere with each other. Europe’s way towards reliable, globally competitive and 

environmentally sound energy sources requires functioning markets, coordination and consistency. 

The EU Energy Roadmap initiative provides further perspectives as a contribution to the on-going 

policy debate.  

Summary 

Regarding the overall EU policy framework, an important finding is that there is a lot of overlap 

between the various policy instruments, leading to a sub-optimal design of the total policy package. 

It can be concluded that there is—already at the EU level— a large differentiation in policies across 

the European Union. Most policies are implemented at the national level, the EU ETS being the 

clearest exception. Impact on the industry varies from subsector to subsector and from company to 

company, and may be both positive and negative. The balance seems to be that the total package of 

policies has led to higher costs for the industry, notably due to the introduction of the EU ETS and 

energy price charges related to renewable energy and other policies.  

It is essential that the energy and climate policy framework in the EU stimulates sustainable and 

efficient growth. The current package, as summarised above, contains a number of elements that 

pose a threat to the competitiveness of the European chemical industry and could hamper the 

necessary investments needed towards an energy efficient and low carbon Europe. In Chapter 9, 
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recommendations are formulated to improve the policy package beyond 2020 to support sustainable 

growth. 

 

Table 3-1 Role of the EU and Member States in different fields of energy and climate 

policy (continued) 

Directive Role of EU Role of Member States 
Examples of impacts on 

chemical industry  

Renewable 

Energy 
   

Renewable 

Energy 

Directive 

Setting targets for the 

share of renewable 

energy 

Developing policies for 

implementation 

Supply of renewable 

energy; increasing 

electricity prices if Member 

States pass cost of 

technology support and 

infrastructure costs 

through to industry.  

Increased sales of products 

used in renewable energy 

equipment. 

Emissions    

ETS Directive 

Setting emission caps, 

market to trade 

allowances and 

defining rules 

Limited 

Puts price on direct CO2 

emissions resulting in an 

incentive for energy 

efficiency; impacts power 

prices (indirect costs); risk 

of carbon leakage 
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Table 3-1 Role of the EU and Member States in different fields of energy and climate 

policy (continued) 

Directive Role of EU Role of Member States 
Examples of impacts on 

chemical industry  

Energy 

efficiency  
   

Energy 

Efficiency 

Directive 

Target and framework 

setting 

Developing policies for 

implementation 

May lead to energy cost 

savings but also to 

transaction costs; unlikely 

that Directive leads to 

efficiency improvement in 

highly energy-intensive 

industry. 

May lead to higher energy 

costs needed for financing 

energy efficiency 

obligations. 

Can improve the need for 

energy efficient solutions 

delivered by the chemical 

industry  

Ecodesign 

Directive 

Defining requirements 

for energy using 

products 

Implementing and enforcing 

requirements 

Sets standards for specified 

new equipment (e.g. 

electric motors) 

Creates a market for 

materials for energy-

efficient products  

Product 

labelling 

Setting framework for 

EU wide labelling (e.g. 

for electric appliances) 

Enforcement / market surveillance 

Designing and implementing 

additional labels at national level, if 

applicable 

Has the potential to change 

the market for energy-

efficient products; the 

potential is currently not 

depleted 

Environmental 

performance of 

buildings 

Setting framework and 

defining requirements 

Designing policies for 

implementation 

Creates a market for 

efficient products and 

materials 
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Table 3-1 Role of the EU and Member States in different fields of energy and climate 

policy (continued) 

Directive Role of EU Role of Member States 
Examples of impacts on 

chemical industry  

Innovation    

R&D subsidies 

Defining EU 

framework 

programmes 

Coordinating national 

efforts 

National research programmes 

Supports innovation and 

strengthens international 

competitiveness of 

European industry 

Others     

Energy market 

integration 

Regulation, 

coordination 

Opening up of national markets, 

deregulation 

Can potentially lead to 

relative energy price 

decreases 

Minimum 

energy taxation 

Setting minimum 

levels 

Defining taxation levels and, if 

applicable, exemptions 

Increased cost of energy 

use; impact strongly 

dependent on level of 

taxation chosen by Member 

State 

 

 

3.3 The global policy landscape  

At the UN Climate Change conference in Durban, negotiations with a number of developing countries 

led to an agreement that, if fully implemented, could have positive environmental and economic 

impacts. The “Durban Platform for Extended Action” creates a roadmap that should lead (when 

agreed by 2015 and binding by 2020) to “an agreed outcome with legal force" that will for the first 

time cover all major emitting economies, including the EU, USA, China, India, etc.  

 

Cefic has long advocated the establishment of a global agreement including all major economies to 

level the playing field for EU companies that are exposed to carbon costs resulting from unilateral 

climate policy action. The Durban Platform is a start towards setting the scene for an international 

agreement on GHG emissions reduction. However, progress towards establishing a strong level 
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playing field with other developed and developing countries (OECD and non-OECD countries) remains 

slow.  

Despite the fact that no international long term agreement is in place, many countries have already 

implemented policies. Several countries have also implemented energy and climate policies affecting 

the manufacturing industry, and the chemical industry in particular. Such policies as implemented in 

major economies, like the USA, Japan, China and India have been studied in the context of this 

Roadmap. An overview of major policies instruments in these countries is given in Table 3-2.  

Table 3-2 Major policies impacting the chemical industry in some of the major 

competing economies  

Country Major policies Brief description 

China 

Top 10,000 programme 
Mandatory energy efficiency targets for the enterprises 

with energy use more than approximately 0.3 PJ 

Differential energy prices 
Higher energy prices for companies with energy 

consumption above industry average 

India Perform-Achieve-Trade scheme 
Specific energy consumption targets for 8 industrial 

sectors. Possibility to trade energy saving certificates 

Japan 

Energy efficiency benchmarks 
Mandatory energy efficiency targets based on best 

performing companies (top 10–20%) 

Energy efficiency adoption subsidies Economy-wide subsidy scheme 

USA 

Best Available Control Technology 
Requires pre-constructing permits prescribing maximum 

specific GHG emissions 

Emissions trading systems  
Systems for individual states (California) or groups of 

states. Not all include industry 

 

An exact comparison of these policies is difficult due to different metrics that define targets (e.g. GHG 

emissions intensity vs. energy intensity vs. energy savings), differences in the initial situation, 

different base years and economic growth rates. A semi-quantitative estimate of the actual “regional 

policy costs” is shown in Figure 3-1. The ambition levels and costs in the EU and other major markets 

have been estimated, taking into account the type of policies, the historic energy intensity, the 

ambition level of the target, and the cost allocation. The analysis is based on internal Ecofys sources, 

also making use of and checking against the limited literature available (ICF, 2012; IIP, 2012; WEC, 

2012).  
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The analysis indicates that the EU has so far shown higher ambition in energy and climate policy than 

most other world regions resulting in slightly higher costs for industry. It should once more be 

stressed that there are many, many differences between countries. Therefore, comparisons of 

ambition levels and costs clearly have an indicative character.  

Other countries might follow on Europe’s path and become more ambitious in decreasing their 

environmental footprint, as environmental degradation, social risks, pollution and health impacts 

increase on their territory. However, when and to what extent the ambition level will be increased in 

other world regions is uncertain. Therefore, the four scenarios studied differ in the global policy 

contexts, both in terms of overall stringency (global action versus inaction) and in differentiation 

between world regions. 

 

Figure 3-1 Policy ambition levels and associated costs in the European Union and in the 

rest of the world 

 

Ambition level 

energy and climate policy

Cost for industry
Source: Ecofys

Spread for the 

rest of the world

EU + Member State level
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4 The role of the chemical industry in other 

sectors’ low carbon development 

The chemical industry contributes to energy efficiency and GHG emissions reduction in all sectors of 

the economy through their products, as the examples in Box 4-1 illustrate. This chapter describes 

and quantifies the avoided GHG emissions14 of solutions in the current market in which chemical 

products play an important role. The continuous innovations in products of the chemical industry and 

their potential future contribution to energy efficiency and GHG emissions reduction will be addressed 

in Chapter 8.  

In recent years, a number of important studies were carried out to quantify the contribution of the 

products from the chemical industry to avoid GHG emissions from other sectors of the economy. In 

these studies, the lifecycle GHG emissions of chemical products, including extraction, production, use 

and disposal are compared with a certain reference case (alternative product or market average). 

The potential to avoid GHG emissions in the other sectors is most often realised in the use phase, 

where chemical products contribute to higher energy efficiency (lighting, insulation) or an increase in 

renewable energy production (solar and wind power). Quantifying avoided GHG emissions is not easy 

for a number of reasons: 

 Defining the reference situation in the absence of the use of the chemical product is not 

always straightforward. An alternative may exist, but may differ in respect of costs and 

availability, which influences the comparison. 

 Avoided GHG emissions take place over the lifetime of the chemical product. For products 

with long life spans, such as buildings, it is not always easy to estimate future avoided GHG 

emissions. Conditions may change over time, for example the electricity mix and heating 

technology, affecting the amount of avoided GHG emissions. Also, the reference situation is 

dynamic, because alternative products might for example improve their performance as well. 

 Avoided GHG emissions are often achieved by joint action of various actors and products in 

the value chain. There is no consensus yet on how to allocate these savings between the 

various participants. 

 

                                                

14 Avoided GHG emissions can be defined in this context as the additional GHG emissions that would take place if an alternative solution (in 

which chemical products do not play a role) were applied instead of the solution in which chemical products does play an important role.  
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Box 4-1 Examples of contributing chemicals to key sectors of the economy  

Buildings – insulation. Insulation of buildings is probably one of the most well-known chemical 

applications to avoid emissions. Plastic insulation materials such as expanded polystyrene (EPS), 

extruded polystyrene (XPS) and polyurethane (PU) have excellent insulation properties and a broad 

applicability resulting in high energy savings from home heating and cooling and related CO2 

savings.  

Transport – light-weight automotive parts. The use of polymers and composite materials (e.g. 

glass and carbon fibre reinforced plastics) in the automotive industry substitutes materials like steel, 

aluminium and glass, reducing the weight of vehicles. A reduced weight results in less fuel 

consumption per driven kilometre and reduces CO2 emissions accordingly.  

Domestic consumption – lighting. Incandescent light bulbs are gradually replaced by compact 

fluorescent lamps (CFL) or light emitting diodes (LED). The chemical industry produces fluorescent 

and diode materials which convert energy to visible light. CFLs and LEDs have a four times higher 

luminous efficiency than incandescent lamps, resulting in reduced electricity use and CO2 emissions. 

Agriculture – fertilizer and crop protection. The use of chemically synthesised inorganic 

fertilizers (nitrate fertilisers, phosphorus and potassium) and crop protection (pesticide) increase the 

yield per area of land considerably. This means that less land (mainly forests) needs to be converted 

to crop land, avoiding the release of CO2 to the atmosphere. With an expected increase in the world 

population in the coming decades, this chemical application can help to avoid large amounts of GHG 

emissions.  

Power – solar power. Trichlorosilane is the key intermediate compound used to produce high-

purity silicon, which is applied in solar cells as a semi-conductor. No non-chemical alternatives exist 

for this application. Therefore, the chemical industry is an essential part of the value chain leading to 

the generation of solar power, thereby substituting electricity production based on fossil fuels.  

 

The International Council of Chemical Associations (ICCA) commissioned in 2009 a study to quantify 

the GHG emissions reduction enabled by the chemical sector worldwide (ICCA, 2009). This study 

compares the GHG emissions of a chemical product in a specific application over its lifetime with the 

next best non-chemical alternative. The study calculates GHG emissions for 102 individual chemical 

product applications in the year 2005 and 2030. Emission abatement is expressed through two 

metrics. The first is a gross savings (or X : 1) ratio, where the amount of avoided GHG emissions 

through the use of a chemical product is measured against the amount of GHG emissions during that 

product’s entire life cycle. The second metric is the net avoided GHG emissions, which represents the 

difference between the gross avoided GHG emissions by its use and the GHG emissions during that 

product’s entire life cycle. The ICCA study identifies a number of applications as the most important 

contributors of avoided emissions, including insulation, fertilizers, lighting, packaging, and marine 
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antifouling. The ICCA study reports net avoided emissions of 3.6 to 5.2 Gt CO2 equivalents at global 

level for 2005. 

PlasticsEurope commissioned a study to quantify the impact of plastics on life cycle energy 

consumption and GHG emissions in Europe (EU-27 plus Norway and Switzerland, Pilz et al., 2010). 

The study compares plastics to the mix of alternative materials available on the market, such as 

metals, glass and cardboard, across the total life cycle. The energy savings and avoided GHG 

emissions are based on a theoretical substitution of plastics by alternative materials. The alternative 

material selected depends on the application. In the use phase the calculation covers situations 

where plastic products have a different impact on energy and GHG emissions compared to alternative 

products. The study calculates the avoided emissions in other sectors for 32 applications in the year 

2007. The study reports that the substitution of plastic products throughout Europe (EU 27 + Norway 

and Switzerland) by other material, where possible, would increase the life cycle energy consumption 

by 57% and would cause 61% more GHG emissions.  

Under the leadership of ICCA and the World Business Council for Sustainable Development (WBCSD), 

a harmonised methodology for avoided GHG emission accounting is currently under development. 

This method will address the difficulties as the ones mentioned earlier in this chapter and will provide 

clear guidelines. At present, however, no widely accepted method for accounting and reporting of 

avoided GHG emissions is available. 

The ICCA study is considered the best current option to estimate the GHG emission abatement in 

other sectors, in which chemical products play an important role and is the basis for the estimate of 

avoided GHG emissions as given below. One adjustment has been made to the ICCA approach to be 

in line with the WBCSD / ICCA initiative, i.e. avoided GHG emissions have not been allocated among 

the chemical industry and other partners in the value chain15. Instead reported avoided GHG 

emissions represent the GHG emissions avoided along the complete value chain.  

By using the methodology of the ICCA study, in combination with European data, it is estimated that 

the products manufactured by the European chemical industry in 2010 contribute to over 1.5 Gt CO2e 

of avoided GHG emissions during their use (Figure 4-1) 16. This is equivalent to roughly 30% of the 

total European GHG emissions in 2010. Due to the methodological difficulties as outlined above and 

the related uncertainties in the necessary conversion from the worldwide figures to EU estimates, the 

figure should be regarded as an order of magnitude estimate only. It has to be noted that the 

avoided GHG emissions values in Figure 4-1 refer to a complete value chain and as such cannot be 

                                                

15 For the assessed products, this is only relevant for wind power. 

16 Due to uncertainties in the data used and different methodologies used in the avoided emissions calculation, it is very possible that other 

studies arrive at other values. For example, Brandt and Pilz (2011) found avoided emissions for packaging of 61 Mt CO2 equivalents in 2007.  
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compared to the emissions of the European chemical industry documented elsewhere in this 

Roadmap, which is limited to scope 1 and 2 emissions only (Section 1.4)17.  

 

Figure 4-1  Net avoided GHG emissions for eight selected applications in which chemical 

products play an important role. Values based on the 2010 European 

production volumes 

 

  

                                                

17 For this reason, the ratio between avoided emissions and emissions from the chemical industry following from this Roadmap cannot be 

compared with the ratio derived in the ICCA study (ICCA, 2009). Also, the avoided GHG emissions have, in this estimate, not been allocated 

among the chemical industry and other partners in the value chain.  
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5 Technical options and innovation opportunities 

for the European chemical industry  

5.1 Introduction 

The scenarios detailed in Chapter 6 and 7 investigate the deployment of technologies to reduce GHG 

emissions and increase energy efficiency. This chapter therefore describes these technologies. The 

chapter is structured following the material and energy flows in the chemical industry, as illustrated 

in Figure 5-1. 

The first group of options relates to the evolution of the feedstock towards a lower use of fossil 

feedstock, such as the use of bio-based resources, recycled materials and CO2 as feedstock (Section 

5.2). 

Further process energy efficiency improvements and improvements to auxiliary processes on 

chemical sites represent the second group of options (Section 5.3). 

The third group applies to heat sources and on-site energy generation options, such as lower carbon 

fuels and the use of Combined Heat and Power (Section 5.4). 

The fourth group of options to reduce GHG emissions is the abatement of N2O emissions for example 

from nitric acid production and capturing and storage of CO2 from process streams and flue gases 

(Section 5.5). 

The manufacture of ammonia, cracker products, chlorine and nitric acid18 represents such an 

important share of energy use and GHG emissions that the options available to these products are 

discussed individually. Data was collected on measures that can be applied to plants operating in 

2010 and characteristics of newly built installations in 2020, 2030 and 2050 (Section 5.6).  

No attention is paid in this chapter to the reduction of the GHG emissions related to electricity 

production (one of the options shown in Figure 5-1). This is largely outside the control of the 

chemical industry. The GHG emission factor for electricity is exogenously assumed in the scenarios 

studied (Chapter 6).  

                                                

18 Nitric acid production is taken as a proxy for all chemical processes emitting nitrous oxide (N2O). 
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Figure 5-1  Schematic of feedstock and energy flows and associated GHG emissions for 

the chemical industry and associated opportunities for improvement 

Data were collected in line with anti-trust guidelines from both open and classified sources, mostly 

provided by industry experts. Preference was given to input from industrial experts above literature 

data. Classified data were treated confidentially and made anonymous when used.  

The information given in this chapter is provided independently to the scenarios that are described in 

Chapter 6. In Chapter 7, the implementation rate of the options described and the choices for new 

processes are determined using, where possible, an Internal Rate of Return criterion. This applies 

mainly to the products studied individually. In cases where detailed cost data were not available 

(which was often the case), a more generic approach was followed to make the scenario projections 

(see Section 6.5 for more details).  

Due to the limited availability of especially the costs data, it is not possible to provide a marginal 

abatement cost curve for all options described in this chapter. Such a curve would express all options 

as function of the costs of abated GHG emissions. This is done in for example the McKinsey cost 

curve work and similar studies (McKinsey, 2009; Ecofys, 2009). To optimise the overarching energy 

and climate framework, it is necessary to compare the options listed here with abatement options 

outside the chemical industry. The most cost-efficient way forward for climate protection is to tap 

those potentials which are cost-efficient even in the absence of a CO2 price signal. 
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5.2 Evolution of feedstock  

The chemical industry uses both fossil fuels and biomass as feedstock. For Petrochemicals, the 

feedstock is mainly oil derived (e.g. naphtha used in the steam cracking process), and for Basic 

Inorganics, natural gas is used for the production of ammonia. The use as feedstock forms a 

significant part of the use of fossil fuels and biomass in the chemical industry (see Chapter 2). The 

carbon in the fuel used as feedstock in the Petrochemical industry is embedded in the products via 

the initial building blocks towards final products. GHG emissions are only released when disposing 

and combusting the end products. These GHG emissions can be reduced by efficient utilisation of 

existing feedstock and the use of alternative feedstock. Three options can be distinguished: 

 The use of renewable resources such as biomass (Section 5.2.1) 

 Recycling, i.e. the use of secondary feedstock like industrial and post-consumer waste 

streams (Section 5.2.2) 

 The use of other alternative feedstock such as the capture and utilisation of CO2 

(Section 5.2.3). 

In line with the scope of this Roadmap (refer to Section 1.4), GHG emissions related to the disposal 

phase of chemical products are not taken into account in the GHG pathways calculated. Paying 

attention to the use of feedstock is nevertheless important, because the current use of fossil fuels as 

feedstock represents a significant share of the fossil fuel use in the chemical industry and leads to 

significant emissions when the products from the chemical industry are combusted. Although not 

quantitatively assessed in this Roadmap, these emissions are an important part of the life cycle 

emissions of chemical products. Changes in feedstock use can also lead to changes in energy use (for 

example, routes using biomass as feedstock can have different energy use) and to changes in the 

demand for certain chemicals products (for example, recycling can reduce the demand for primary 

polymers). These changes are taken into account in this Roadmap (Chapter 7). 

 

5.2.1 Bio-based feedstock 

From a technical point of view and based on the applications of industrial materials, the potential for 

substitution of fossil-based materials with their bio-based counterparts is significant (IEA, 2012b). In 

some cases, the same chemical can be made either via a bio-based route, or via a petrochemical 

based route. In other cases, new chemicals can be made via a bio-based route, providing alternative 

carbon sources and potentially new applications. When evaluating the substitution of petrochemical 

based products with bio-based products, functionality, sustainability impacts and economic viability 

should be taken into account over the full life cycle – including the production of biomass and total 

energy use. Currently, the cost of bio-based production exceeds the cost of petrochemical based 

production in many cases (IEA, 2012b). 
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There is a multitude of potential bio-based feedstock materials, conversion routes and bio-based 

products. Figure 5-2 gives an overview of current feedstock types, conversion routes and products 

based on the classification of bio-refineries made by IEA Bioenergy Task 42 (IEA, 2012b).  

 

Figure 5-2 Bio-based chemicals can be produced from different feedstock, leading to 

existing products and new products with similar functionality. Taken from 

IEA (2012b) 

Feedstock for bio-based chemicals 

Bio-based chemicals can be produced from many types of bio-based feedstock, e.g. starch, sugars, 

vegetable oils, animal fats or lignocellulosic19 material. First generation feedstock20 is already 

                                                

19 Lignocellulosic woody biomass is composed of cellulose, hemicellulose, and lignin. Lignocellulosic biomass can be grouped into four main 

categories: agricultural residues (including straw, corn stover stalk and leaf residues, and sugarcane bagasse), dedicated energy crops (like 

switch and miscanthus grass, eucalyptus etc.), wood residues (including sawmills and paper mill discards), and municipal paper waste. 

20 First generation feedstock is typically derived from food commodities that can be converted with conventional technologies (like 

fermentation and transesterification). 
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commercially converted into chemicals (see Box 5-1 for an explanation of different generations of 

biomass). For example, Coca-Cola sources bio-ethanol from Brazil to use it in partially bio-based 

polyethylene terephthalate (PET) bottles21. Danone introduced a bottle including 20% of polymer 

from sugar cane waste in 2010. So-called second generation feedstock, such as those based on 

lignocellulosic biomass, could become technically available in the next 5–10 years22. The first plants 

demonstrating this technology are now coming into production—albeit with small capacities compared 

to current steam crackers23. 

Box 5-1 Generations of biomass feedstock 

Biomass feedstock is typically divided into three generations. Within the area of biofuels, there is no 

widely agreed definition of first, second and third generation biofuels. No single, agreed definition 

exists. In general, the following distinctions can be made: 

 First generation bio-based products are made from simple molecules, using existing 

technologies such as fermentation or transesterification. Sugars and vegetable oils found in 

arable crops are used as feedstock in these processes. 

 Second generation is typically used to describe bio-based products made from (ligno-) 

cellulosic biomass, such as woody crops or agricultural residues like straw. Typically 

fermentation is used, but the lignocellulosic material first has to be broken down to simple 

sugars, which is a more complex process. 

 Third generation biomass is used to describe more advanced options that are further from 

commercialisation, such as algae. 

Some sources, however, simply refer to bio-based products as either “first generation” or 

“advanced”. In this case feedstock that is waste and residues would usually be described as 

“advanced”. If the above categorisation is used, waste and residues could be described as either first 

or second generation, as they include many different potential types of feedstock. Some of them are 

relatively easy to convert to a usable fuel (e.g. used cooking oil), while others require cellulosic 

conversion technologies (e.g. straw). 

 

                                                

21 MEG (mono-ethylene glycol) makes up 30% of the PET by weight, and PTA (purified terephthalic acid) makes up the other 70%. The 

bio-ethanol from Brazil is used for MEG production, whereas the PTA is still based on fossil sources. 

22 Several cellulosic ethanol plants are being built and coming online, albeit with some subsidies. See also (IEA, 2011a). 

23 Cellulosic Biofuels, Industry Progress Report 2012–2013 (AEC, 2012) shows that by 2016 a handful of facilities with a capacity of 25 to 30 

million US gallons per year are expected to come into operation. If e.g. these amounts of ethanol were used for ethylene production, this 

translates into 50 to 60 kt of ethylene per year, which is approximately 10 times smaller than an average steam cracker. 
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Often, the appropriate bio-feedstock to use depends on the function of the desired product. For 

example: 

 The majority of fatty acid derivatives are used as surface active agents in soap, detergents 

and personal care products. Their most important sources are coconut, palm and palm kernel 

oil, which contain many C12 to C18 saturated and mono-unsaturated fatty acids. 

 Multiple unsaturated oils such as soybean, sunflower and linseed oil serve the production of 

alkyd resins, linoleum and epoxidised oils. Rapeseed oil, which is high in oleic acid 

(unsaturated C18 fatty acid), is used in bio-lubricants. For lubricants and hydraulic fluids, 

plant oils usually only require minor chemical modification to fully replace fossil oils.  

Conversion routes to bio-based chemicals 

Biomass feedstock can, according to its molecular structure, be converted using a wide spectrum of 

technologies to form certain products, such as: 

 Fermentation, which can convert fermentable sugars into multiple products following 

metabolic routes. For example, bio-ethanol can be obtained by fermentation of a sucrose-

based feedstock such as sugarcane or sugar beet, and from starchy biomass such as corn or 

wheat by hydrolysis followed by fermentation. These two production routes are well 

developed and used for production of bio-ethanol as a transport fuel in countries such as 

Brazil, the USA, Europe and China. 

 Transesterification. This process has been used to recycle polyesters into individual 

monomers. It is also used to convert fats (triglycerides) into biodiesel; the triacylglycerol 

molecule - the major component of most plant oils - can be split into glycerol and fatty acids, 

which in turn can be converted into alkyl esters (i.e. biodiesel) via transesterification. 

Biodiesel has been used to power heavy-duty vehicles for over 50 years. 

 Thermo-chemical conversion. (Ligno-)cellulosic biomass, e.g. wood, can be gasified to 

produce synthesis gas, which can be used as feedstock for the production of ammonia, 

methanol and other chemicals. The preparation and gasification of biomass makes the overall 

process complicated, and therefore the investments per tonne of synthesis gas production 

capacity are about 6 times higher than for conventional routes (i.e. steam methane 

reforming). To build such a plant in an economical way, a large feedstock price difference is 

needed (i.e. cheap woody biomass and / or expensive natural gas). Additionally, 

transportation and handling of biomass, as well as dealing with by-products such as ashes, 

should be taken into account. Large-scale biomass gasification is technologically challenging; 

however, recently a cellulose gasification demonstration project for the production of bio-

methanol by an international consortium led by BioMCN24 was granted a € 200 million subsidy 

                                                

24 The Woodspirit project was awarded the grant under the NER300 scheme. NER300 is a funding programme for innovative projects for 

environmentally-friendly CO2 storage and renewable energy. 
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within the NER300 programme. This project aims to develop a 900 kt per year demonstration 

methanol production facility, aimed to be operational by 2015 (Voegele, 2011).  

 Pyrolysis is the thermal depolymerisation of biomass at modest temperatures in the absence 

of oxygen. Biomass can be converted into a liquid pyrolysis product25. The so-called pyrolysis 

oil, which consists of a broad range of different molecules, can be fractionated into various 

high and low value products. The first challenge is to steer the pyrolysis process in such a 

manner that the desired products are obtained. The second challenge is to design the process 

in an economically competitive way.  

Bio-based chemical products 

Currently, a wide spectrum of bio-based chemical products already exist, such as engineered 

polymers and fibres, soap and detergents, cosmetics, paints and varnishes, construction materials 

and lubricants. This shows the wide variety of applications of bio-based chemicals. 

Bio-based building blocks that are identical to their petrochemical equivalents (e.g. ethylene from 

methanol or ethanol) can be used in the same way as fossil-based building blocks to produce a wide 

range of end products (‘drop-in solution’, the downstream conversion routes can still be used). The 

extent to which these bio-based products will be used depends on the availability and price of the 

conventional fossil-based product compared to the bio-based alternative. Examples are: 

 Bio-ethylene made from bio-ethanol (from biomass) represents a chemically identical 

alternative to ethylene. In Brazil, bio-ethylene is already produced in a new plant producing 

200 kt of ethylene per year (IRENA, 2013). The availability of cheap sugar cane feedstock, 

and the producers’ expectation to be able to get a premium for the bio-polyethylene produced 

from bio-ethylene, contribute to the economic viability of this project. 

 Organic chemicals, produced via fermentation of fermentable sugars such as lactic acid and 

propanediol.  

 Synthesis gas using a biomass route such as gasification of woody biomass with steam. This 

is possible in pilot scale, but not proven at larger technical scales yet. The synthesis gas 

produced can be synthesised to methanol using standard methods. Bio-methanol can then 

be used to produce important building block chemicals like ethylene and propylene via 

methanol-to-olefin routes. Also, the methanol-to-olefins synthesis step starts to be 

commercially available26. 

                                                

25 Other products are syngas and biochar (suitable for agricultural use or use as fuel). 

26 The Wison (Nanjing) Clean Energy Company Ltd. aims to start up a methanol-to-olefins facility at an existing coal chemical complex in 

China, projecting 295 ktonnes per annum of ethylene and propylene production. In 2010, a successful start-up of a 600-ktonnes-per-annum 

plant owned by China Shenhua Coal to Liquid and Chemical Company Ltd. was reported. 
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Other bio-based chemicals (such as polylactic acid and certain Specialty Chemicals) could substitute 

existing fossil fuel based chemicals when the bio-based alternatives meet customers’ technical 

requirements. They may also offer new business opportunities due to their unique properties. 

Assessment of potential of bio-based feedstock 

The future share of bio-based feedstock was estimated based on top-down studies such as the SPIRE 

Roadmap (SPIRE, 2012), Star-COLIBRI (Star-COLIBRI, 2011a; Star-COLIBRI, 2011b) and company 

expert input. The products studied individually in this Roadmap were treated separately (refer to 

Section 5.6). 

Polymers represent a large potential for the application of bio-based materials. This Roadmap 

therefore further elaborates on this group of products. A 2006 study prepared under the European 

Commission’s GROWTH Programme (DG Research) (BREW, 2006) as a result of a collaboration 

project between academia and industry was used to estimate the potential for biotechnological 

production of bulk chemicals from renewable resources. The BREW project studied processes which 

convert biomass-derived feedstock (e.g. fermentable sugar) into organic bulk chemicals (e.g., lactic 

acid, acetic acid, butanol and ethanol) by means of white biotechnology, i.e. by fermentation or 

enzymatic conversion, either with or without genetically modified organisms. 

In this Roadmap, production of bio-based chemicals is currently assumed to have slightly higher 

energy consumption than in traditional manufacturing processes. All fuel / heat in the new bio-based 

routes is assumed to be based on biomass27. In 2050, the energy use of bio-based routes is—in the 

generic approach that is applied to subsectors—assumed to be on average similar to the energy use 

of fossil-based routes28. In reality, the energy and GHG emission performance for production of 

bio-based chemicals will depend very much on the feed used, conversion technologies, and the 

desired product (see also Box 5-2). Moreover, it is unclear which part of the energy requirements will 

fall within the scope of the European chemical industry.  

In this Roadmap, feedstock-related GHG emissions and other emissions outside the boundaries of the 

European chemical industry are not quantified. Therefore, assessment of upstream biomass 

emissions is not relevant for bio-based feedstock. When assessing the sustainability of biomass use—

including use as feedstock—it is important to take into account the full life cycle GHG emissions of all 

forms of biomass. Reference is made to Section 5.4 for more information on this issue. 

                                                

27 Often, only part of the biomass can be used as feed and residues can be used as source of heat. 

28 This is only an order of magnitude estimate, based on cradle-to-factory gate based energy uses in (BREW, 2006). Based on lignocellulosic 

bio feed, and for several products, the bio-based routes with lowest energy use available in 2005 and in the future (assumed 2025-2035), 

have been compared to their fossil equivalents.  
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Box 5-2 Energy and GHG emissions of bio-based chemicals compared to their 

alternatives 

Pilz et al. (2010) shows some examples of the effect of renewable resources on energy and GHG 

emissions of two types of bio-based plastics: 

 Comparing packaging made from PLA and PET. The influence of production conditions 

(especially energy mix) of PLA products and the influence of waste management options on 

the results of life-cycle GHG emission comparison is significant. Under current waste 

management conditions, bottles made from PET have less climate change impact than 

bottles made from PLA, but depending on the waste management conditions, the results 

vary significantly. 

 Comparing renewable and fossil based polyethylene over their full life cycle. On average 

low-density polyethylene (LDPE) film derived from renewable resources shows an advantage 

of 2–3 kg CO2 per kg LDPE compared to LDPE film based on fossil resources. This benefit can 

vary considerably depending on the resources used to produce the bio-based ethanol. 

The study concludes that some polymers based on renewable resources are not by definition better 

than conventional plastics based on fossil resources. The range in their overall GHG emission 

performance (due to feedstock selection and waste options) is much greater than the range of 

conventional plastics, either due to waste management conditions or resources used in the 

production of bio-based building blocks. In addition, further decarbonisation of electricity in the 

future strongly affects the results of these comparisons.  

 

5.2.2 Valorisation of waste: Recycling of plastics 

Data on recycling of plastics waste have been collected via open sources and disclosed sources 

provided within the context of the topic team Technology and Innovation. Assumptions and data have 

been discussed with and validated by this topic team. The main references used for this Roadmap are 

Pilz et al. (2010), IEA (2009a), VNCI (2012) and Consultic (2012). 

Valorisation of plastic waste streams, residue streams and recovery of end-of-life products takes 

place around Europe. What is today considered as an industrial waste or post-consumer waste could 

entirely or mostly be used as feedstock, e.g. part of the raw material mix, by other industrial sectors 

in 2050 (SPIRE, 2012). 

The carbon embedded in polymers ends up in plastic products that ultimately will be disposed of. This 

valuable resource can be recovered for recycling or for energy recovery. This Roadmap discusses 

utilising plastic waste by means of mechanical and feedstock recycling and evaluates how much 

primary polymer production can be replaced by mechanical recycling and how much feedstock can be 

replaced in the production of chemicals and / or polymers. Energy recovery is outside the scope of 

this Roadmap, but is another important option to recover energy from plastics-rich waste streams.  
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PlasticsEurope calls for zero plastics to landfill by 2020 as opposed to the 10 Mt per year of 

post-consumer plastic waste going to landfill today. This entails stimulating high-quality recycling and 

extended collection of post-consumer plastics as well as the use of efficient energy recovery for the 

post-consumer plastic waste that cannot be recycled in a sustainable way. 

Figure 5-3 gives an overview of the plastics value chain, including waste management of post-

consumer plastics in the EU-27 plus Norway and Switzerland. The share of post-consumer plastic 

waste that is disposed to landfills is more than 40%, but this share is getting smaller due to 

regulation and continuous improvement in end-of-life management of plastics. About 60% of the 

post-consumer waste is recovered, of which 60% is used for energy recovery. 

 

Figure 5-3 Recovery of post-consumer plastics in the European Union (+ Norway and 

Switzerland) in 2010 (PlasticsEurope, 2011) 

About one quarter of the collected post-consumer waste are currently recycled either by mechanical 

recycling or feedstock recycling.  
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Three options for recycling of polymers are distinguished in this Roadmap: 

1. Back to polymer (=mechanical recycling): Collection and mechanically processing of 

waste plastics to produce recycled polymers. 

2. Back to monomer (=feedstock recycling): Breaking down certain polymers into their 

monomers by means of a chemical process. 

3. Back to feedstock (=feedstock recycling): Breaking down polymers into 

hydrocarbons or a mixture of carbon monoxide and hydrogen by means of a thermal 

process. 

 

Back-to-polymer techniques, usually referred to as mechanical recycling, are recycling techniques 

that use waste plastics for the manufacturing of new plastic products without breaking down the 

polymers. This method is especially applicable to post-industrial waste, which is generated either in 

the production of polymers or in the plastic conversion industry. Mechanical recycling is also applied 

to recover several post-consumer waste streams, e.g. PET bottles. For these streams, mechanical 

recycling involves shredding the used plastics products into flakes, washing and subsequently heating 

and remoulding into products. The recovery of plastics from heterogeneous waste streams can be 

increased through improved product design to enable their recovery after use, appropriate consumer 

labelling, and the use of the Resin Identification Code (RIC) on all plastics. Recycling rates are likely 

to further increase with improved collection, sorting and identification technologies. The chemical 

industry can enable the recovery by setting up joint efforts with the plastic converter industry. An 

example is the Vinyloop process: a solvent extraction based process to recycle PVC polymer. This 

process claims to cut the process energy demand by 46% compared to the production of virgin PVC 

(Vinyloop, 2012). 

Since 2006 the share of post-consumer waste that enters mechanical recycling operations increased 

from 16% to 25% in 2010 of the collected waste (average for the EU 27 + Switzerland and Norway). 

A number of countries have total plastic recycling rates above 30%, e.g. Norway, Sweden, Germany 

and the Netherlands. There are also countries with recycling rates below 20%, among them France, 

UK, Greece and Finland (PlasticsEurope, 2011). Mechanical recycling is constrained by several factors, 

such as costs, type of waste collection schemes, the quality of the waste streams and its availability. 

Furthermore, it competes with other waste valorisation approaches such as incineration with high-

efficiency energy recovery (Pilz et al., 2010). 

The energy use for mechanical recycling for streams that are easy to collect and clean, such as 

polyethylene and PET, is in the order of 10–20 GJ / tonne of plastic. This is 25–60% less than the 

process energy for producing primary polymers29. The reduction can be bigger if feedstock savings 

are taken into account. Costs for recycling vary widely, from 100 to 1200 € / tonne, depending on the 

type of plastic, location, collection scheme and way of processing (ACRR, 2012). Reported market 

                                                

29 http://www.agentschapnl.nl/content/rekenvoorbeelden-ketenmaatregelen-rubber-lijm-en-kunststofindustrie-mja 

http://www.agentschapnl.nl/content/rekenvoorbeelden-ketenmaatregelen-rubber-lijm-en-kunststofindustrie-mja
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prices for recycled plastics depend heavily on the quality of the waste stream. The price of virgin 

material also impacts the price of recycled material. When comparing prices, the quality and the use 

of the material that can be substituted have to be taken into account.  

Only a minor proportion of the recycled polymers has the quality to substitute primary polymers such 

as is the case currently for e.g. PET. A study by IEA assumes that recycling leads to polymer 

substitutes in only one third of the cases, whereas the two-thirds are used for applications for which 

primary polymers are not used (IEA, 2009a). This substitution of applications for which no primary 

polymers are used can potentially lead to a reduction of GHG emissions, but this has not been further 

studied in this Roadmap.  

Back-to-monomer or depolymerisation is of particular interest for condensation polymers with a high 

value, e.g. polymethyl methacrylate (PMMA) (Brems et al., 2012). However, as production volumes 

of these polymers are often small, they are not treated separately in this Roadmap. Depolymerisation 

techniques are technically available for e.g. PET and for recycling nylon-6 carpets back to 

caprolactam. PET can be broken down into monomers and oligomers via various depolymerisation 

technologies. Although chemical recycling is more expensive than mechanical recycling, the product 

can directly replace virgin monomers. Current commercially available routes are glycolysis, 

methanolysis and alkaline hydrolysis (Shen, 2011). The estimated production costs are 25–36% 

higher than the market price for dimethyl terephthalate (DMT), a monomer for PET, making this 

route unattractive in economic terms under the future energy price assumptions of this Roadmap 

(Scheirs and Long, 2003).  

Back-to-feedstock techniques turn solid waste plastics into high value feedstock that can be used as 

raw material for the chemical industry. The structural bonds in the polymers are broken by applying 

heat, sometimes in combination with a catalyst to facilitate a chemical reaction. Torrefaction, 

pyrolysis and gasification are possible future processes but need further investigation. Gasification 

takes place with the controlled addition of oxygen. Plastic waste is partially combusted to yield a gas 

mainly consisting of CO and H2, called synthesis gas. Synthesis gas can be used as a fuel but has 

more commercial value as a feedstock for the production of chemicals (e.g. methanol, ammonia, 

polymers). Under the assumptions used in this Roadmap, this route is to a limited extent competitive 

in comparison with steam cracking to produce cracker products (see Section 5.6).  

 

5.2.3 Utilisation of captured carbon as feedstock 

Carbon capture and utilisation (CCU) comprises a broad range of processes involving the use of CO2 

in the fabrication or synthesis of products. The assessment of CCU in this Roadmap is based on 

Parsons Brinckerhoff / GCCSI (2011), Styring et al. (2011), BMBF (2012) and Hanegraaf and Spaans 

(2012), with additional input from Ecofys experts and the topic team Technology and Innovation.  

CO2—as the end product of energy conversion processes—has a much lower energy content 

compared to most chemicals. Conversion of CO2 to value-added products requires energy intensive 
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reduction—with for example H2, electricity, or via chemical reactions. When the aim is to avoid 

emissions of CO2 the energy required must be produced “carbon-free” to avoid further production of 

CO2 to generate the energy required. A prerequisite for building new hydrocarbon structures from 

CO2 is thus the availability of cheap excess carbon-free energy. The use for CCU competes with other 

uses of this competitive carbon-free energy. 

For almost all applications in the chemical industry, the CO2 needs to be available in pure or highly 

concentrated form, meaning that after capturing the CO2 needs further treatment and purification. 

The utilisation of CO2 (CCU) could be developed in symbiosis with carbon capture and storage (CCS). 

If investments in pipeline infrastructure required for CCS are made, these could also serve as a feed-

infrastructure for CCU applications, while the storage functionality delivered by CCS could ensure 

optimal use of the CCU-based plants. On the other hand, CCU could potentially accelerate 

improvements in capturing technologies, increase public acceptance for CCS and be an alternative for 

CCS in places where storage of CO2 is not possible. 

To describe the future potential of CCU as a feedstock for the chemical industry, a distinction can be 

made between: 

1. Processes or products where the CO2 group maintains (partially) its structure  

2. Processes or products where the CO2 group is broken down, to bring the C-atom in a newly 

established hydrocarbon structure 

In the two text boxes (see Box 5-3 and Box 5-4), examples of both classes of CCU are described, to 

give an impression of possibilities and challenges associated to the use of CCU. Many different 

routes / products are being researched. 

Currently, markets already exist for polymers and fine chemicals synthesised from CO2 mainly in the 

first group where the structure is maintained. In the short term, overcoming technological hurdles for 

the commercial introduction of these high-value added CO2-derived polymers and fine chemicals 

could generate the momentum required to tackle the more difficult challenges related to the 

reduction of CO2 to fuels or chemicals. 

The long term paths of valorisation of CO2 can have multiple benefits in terms of resource-efficiency: 

 

 Avoiding emissions of CO2  

 Reducing the use of fossil carbon sources and closing the carbon cycle 

 Contributing to electricity grid stability 

 

 



 

48 

Box 5-3 New structure: Utilisation of captured carbon for olefins 

Cracker products (currently made in steam crackers) can alternatively be made by converting 

methanol to olefins using the MTO process. The methanol could be made on the basis of CCU. 

Traditionally, methanol is produced from natural gas, by steam reforming to synthesis gas. 

Alternatively, methanol can be produced directly from hydrogen and CO2. To ensure reduction of CO2 

emissions, it is required to produce the hydrogen through electrolysis (using renewable electricity) 

rather than by gas-based routes. As such, cheap electricity is essential for the profitability of this 

route; this could also be periodically cheap electricity (peak shaving) provided that plants can be 

designed to run at different loads and that the overall economics of such plants are good enough. 

This route could also become more profitable in case new catalysts or processes would enable the 

use of low temperature heat (waste heat from other processes, cheap abundant geothermal heat). 

An option at the boundary of CCU and bio-based chemistry is the use of sunlight. An example is 

future ethanol production from biomass from carbon dioxide (CO2), salt water and sunlight using 

metabolically enhanced hybrid blue-green algae. The process takes place in photo-bioreactors and 

the feeding of algae in salt water is expected to require about two dry tonnes of CO2 a day, for a 

pilot plant of approximately 0.3 kt of ethanol per year (Chemicals-technology.com, 2013). 

 

Box 5-4 Maintain structure: Utilisation of captured carbon in Polymers 

The fundamental advantage of incorporating CO2 in products is that the CO2 is built in the backbone 

of the polymer, so the existing structure of CO2 remains, partly, in place. Consequently, the energy 

balance of the process can be less challenging because the CO2 molecule does not need to be broken 

down. The challenge is to find useful chemicals in which the CO2 structure contributes to its 

functionality. For example, polyols are widely used today, and could—in some applications—be 

replaced by polyols based on CCU. The potential of this route will, at the end, be determined by the 

properties of the CCU based products, and how these polymers compare in terms of functionality, 

costs and energy use. Many companies are researching the manufacture of CO2 based polymers. 

This Roadmap assumes the implementation to still be very limited by 2020. 

 

Some utilisation options assure a permanent removal, e.g. with the carbon ending up locked in 

minerals. For other options the utilisation is only temporary, and varies from days to tens of years, 

like in urea or polymers. When assessing the effect of utilisation of captured carbon, this should be 

taken into account and the overall GHG emission performance should be accounted for.  

Many activities related to CO2 utilisation as feedstock have already been initiated at national, regional 

and company level in and outside Europe. A scoping study on the utilisation of CO2 as a renewable 

resource has been initiated jointly by Cefic and the European Association for Chemical and Molecular 
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Sciences (EuCheMS) in 2012, in cooperation with a number of companies. The objective of this 

initiative is to create a European research and innovation Roadmap that would address the utilisation 

of CO2 for the production of basic chemicals, fine chemicals, polymers and fuels considering different 

pathways including the photochemical conversion of CO2
30 by the end of 2013.  

 

5.3 Improve energy efficiency of processes 

Chapter 2 explained that, given the importance of energy costs for most of the European chemical 

industry, energy efficiency has always been high on the agenda of the sector.  

Although a considerable improvement has been achieved, there are still opportunities for further 

increasing energy efficiency. On the one hand, energy efficiency can be improved by adaptation 

measures that apply to the current stock of installations. On the other hand, innovative techniques 

are available or under development that can be implemented when new installations are constructed. 

This section first provides a catalogue of the energy efficiency improvement options available to the 

chemical industry (Section 5.3.1). Then it is described how energy efficiency potentials are calculated 

(Section 5.3.2). It should be stressed upfront that the potentials used cannot be applied as such to 

individual companies, as early adapters will have much lower saving potentials left, while others will 

have saving potentials well above average. 

 

5.3.1 Options for energy efficiency improvement 

Process intensification and other process improvements 

Data concerning Process Intensification and other process improvements are based on VNCI (2012), 

McKinsey (2009), European Roadmap for Process Intensification (Creative Energy, 2007) and the 

SPIRE Roadmap (SPIRE, 2012), and on input provided in the context of the topic team Technology 

and Innovation.  

Process intensification (PI) presents a set of often radically innovative principles in process and 

equipment design, which can bring significant benefits in terms of process and chain efficiency, 

capital and operating expenses, quality (due to a higher selectivity), wastes and process safety 

(lower volumes). It appears that most traditional chemical and physical technology processes have 

                                                

30 Production of bio fuels and chemicals from algae, using the sun as energy source. Not yet commercially ready for production of bulk 

chemicals or bio fuels, but with significant potential, as algae grow quickly and can be used as raw material for many industries (biofuels, 

chemicals, food). Significant innovations are still needed before bulk chemicals can be produced economically from algae (see also Box 5-3).  
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significant limitations in mass and heat transfer. For example, the limited mass and heat transfer in a 

traditional distillation column is caused by the relatively low Earth gravity. Increasing the driving 

force by a factor ten, for example by rotating equipment, could have the potential to reduce 

investment costs and energy use; however, turning this into reality is not straightforward. 

Despite the fact that in the past spectacular improvements have been achieved for specific 

processes31, realising the full potential of PI cannot be taken for granted. Various barriers to PI 

implementation exist, such as the high cost to retrofit PI technologies in current plants, the lack of PI 

knowledge and unfamiliarity with the technologies, and the long development path. For energy-

intensive plants operating in 2010, this means that the potential of process intensification is limited 

to replacing or adjusting existing energy intensive process steps. For new plants, the freedom to 

choose, and thereby the potential, is more substantial. 

Within process intensification, two basic categories of technologies can be distinguished (SPIRE, 

2012), as depicted in Figure 5-4: 

 Process-intensifying equipment, such as novel reactors and furnaces, and intensive mixing, 

heat-transfer and mass-transfer devices; 

 Process-intensifying methods, such as integration of reaction and separation, heat exchange, 

or phase transition, techniques using alternative energy sources, and new process-control 

methods. 

Process intensification is driven by five generic principles (Creative Energy, 2007): 

1. Maximise the effectiveness of intra- and intermolecular events 

2. Give each molecule the same processing experience 

3. Optimise the driving forces on every scale 

4. Maximise the specific areas to which those driving forces apply. 

5. Maximise the synergistic effects from events and partial processes. 

To do so, new unit operations such as advanced heat exchangers, mixers, spinning disk reactors, 

HiGee separation technologies, or combinations like reactive distillations, heat exchange reactors and 

membrane reactors are developed. 

 

                                                

31 Combining several steps in the formation of methyl acetate by a reactive distillation column led to 50% lower capital costs, and 85% lower 

energy use, lower conversion costs and plant footprint at Eastman Chemical Company (Agreda and Cwirko, 2007). Another example is Dow’s 

High-Gravity Field reactor to produce hydrogen chloride, showing an increase in yield from 80% to 94–96%, a reduced equipment size by a 

factor 40 and 1/3 reduction in waste water and chlorinated by products (Stankiewicz, 2007).  
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Figure 5-4 Elements of process intensification (Creative Energy, 2007). The examples 

are in very different stages of development and have different and 

sometimes limited potential 

Heat recovery and reuse 

The effectiveness of heat use in the chemical industry can be further improved by optimising the use 

of the available heat. It is estimated that 20–50% of the energy used in industrial processes is lost in 

the form of hot exhaust gases, cooling water and heat losses from equipment and products (SPIRE, 

2012). Recovery of energy from production processes has been done for decades. Nevertheless, 

further optimisation of heat integration, taking the increasing energy and CO2 cost into account, 

offers further potential to reduce energy use. Solutions are often cross-sectorial. Their 

implementation depends primarily on the economic viability and perceived technical risks. For batch 

processes32, important factors also include a good timing between demand and supply of heat and 

security of heat supply, especially when crossing plant or company boundaries. Besides improving the 

economics of waste heat recovery techniques, cheap energy storage in combination with energy 

management systems are essential to tap the potential (SPIRE, 2012). 

                                                

32 The majority of processes are continuous. When optimising heat integration for batch processes, heat should be available at the same 

time it can be used, or should be stored—which decreases the economical attractiveness. 
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Concrete measures include the application of total site pinch analysis, heat pumps, heat-absorption 

and cooling, Organic Rankine Cycles and finally heat exchange between companies in industrial 

conglomerates and (nearby) district heating. Several of these measures are already (partly) 

implemented on many sites, which reduces the room for further improvements. 

On-site process integration (i.e. total site pinch analyses) optimises the heat exchange activities on a 

chemical site. Pinch analysis seeks the best match between the supply and demand of heat to the 

extent possible, including energy storage. At sites where no pinch analysis has been executed in the 

past, a technical fuel savings potential of 20–30%, with economic potential of 10–15%, can be 

typically realised (Linnhoff-March, 2000). Pinch analysis has been common practice in the chemical 

industry for decades. Revisiting earlier pinch analysis to account for changes in the process and for 

increasing energy and CO2 costs can be beneficial. Saygin et al. (2011) estimate that fuel savings of 

5% can be achieved. In larger sites more heat supply sources and processes with heat demand are 

available. Therefore a concentration of chemical activities in mega-clusters (“chemical parks”) can 

increase the potential. 

Upgrading the quality of the energy of waste heat includes low and high temperature heat pumps, 

heat pumps with high temperature lifts and thermally driven cold supply, where upgraded waste heat 

can either replace steam or electricity (SPIRE, 2012). In general this covers all novel processes to 

transfer sensible heat from a medium where this heat can currently not be utilised into a medium 

which makes this energy available at the maximum available temperature. Developments are 

targeted at e.g. improving the characteristics of heat transfer (higher temperatures, applicable in 

dusty and corrosive environments), storage of energy at different temperatures and gas separation 

at high temperatures (SPIRE, 2012). Cascading of heat to make optimum use of the quality is also an 

option to consider. In the chemical industry, high temperature heat e.g. from furnaces is already 

many times recovered as ultra-high pressure steam, which in turn is used to drive compressors, as 

these need a lot of energy which is provided most efficiently by steam. The remaining steam is used 

at the lower pressure levels according to the pinch principle. 

Heat pumps can increase the temperature of waste heat to levels at which it can be used as process 

heat (Wolf et al., 2012). The maximum temperature lift that can be achieved and the maximum 

temperature limit the potential of heat pumps, as some of the processes require heat at 

temperatures that are too high and remaining demand for low temperature heat is already partly 

delivered by heat integration. Innovative systems such as thermo-chemical and thermo-acoustic heat 

pumps are under development to achieve higher temperature lifts (Bach, 2007) and thus higher 

potential. Organic Rankine Cycles (ORCs) can convert waste heat into power. In an ORC, an organic 

working fluid is applied, with a lower boiling point than water. Investment costs of ORCs are currently 

still high compared to other power generation technologies (EPA, 2012). 

Heat-absorption cooling can convert waste heat into cooling. Many processes, for example polymer 

and rubber processes, need a significant cooling.  
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Further development is needed for efficient and cost-effective alternatives for waste to electricity 

techniques (SPIRE, 2012). 

Waste heat of chemical sites can be used to meet others’ heat demand, for example the use of waste 

of heat for district heating, where the economic viability depends largely on costs for the distribution 

network and the demand pattern and heat integration between a fertiliser plant and a horticulture 

complex. There are many more possibilities for heat exchange between the chemical industry and its 

vicinity, and this possibility can also be taken into account when developing areas around chemical 

installations (for example: look for a new neighbour with a heat demand). Important barriers are the 

risk in the security of supply, (in some cases) the economics, the lock-in situation that heat exchange 

can cause33 and the distribution of (investment) costs and risks.  

Efficient use of power 

Motor systems are by far the most important user of electricity in industry. They are responsible for 

about two-thirds of the power used in the chemical industry, if electricity used for chemical 

conversions is excluded (e.g. power used for the production of chlorine). Motors are used to drive all 

kinds of equipment essential to the chemical industry, like pumps and fans and centrifugal 

compressors. The efficiency of a motor system depends not only on the efficiency of the motor itself 

but also on factors like motor control, proper sizing, transmission, maintenance and the efficiency of 

the motor-driven equipment. 

There are three main routes to achieve savings in motor systems: 

 

1. Use of properly sized and energy efficient motors.  

2. Use of variable-speed drives (VSDs), where appropriate, to match motor speed and torque to 

the system mechanical load requirements. 

3. Optimisation of the complete system, including correctly sized motors, avoidance of (useless) 

backflows, pipes and ducts, efficient gears and transmissions, and efficient end-use 

equipment (fans, pumps, compressors, traction, and industrial handling and processing 

systems) to deliver the required energy service with minimal energy losses.  

The savings on electricity use of motor systems are in the range of 17–30% (IEA, 2009a; Keulenaer 

et al., 2004; IEA, 2011b; IEA, 2012c; Ecofys, 2009). Most of these measures are profitable.  

Lighting can account for 7% of the total electricity consumption of chemical plants (although in many 

cases, the share of lighting is much lower) with an average saving potential of 15–25% (IEA, 2009a).  

                                                

33 After investing in the infrastructure for heat exchange, improving a process in such a manner that waste heat would no longer be 

available. 
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On-site energy generation and distribution 

A reduction of 3% of the fuel demand could typically be achieved by measures to make boilers more 

efficient. Typical measures are improved process control, offline or online supply-demand 

optimisation by MILP (mixed integer linear programming), reduced flue gas quantity, flue gas heat 

recovery, and regular maintenance. Fuel savings in steam distribution systems of 5% could be 

realised by, amongst others, improved and better maintained steam traps, leakage repair and 

condensate return (Neelis et al., 2008; IEA, 2009b). Better insulation can lead to an additional saving 

of 1.5% (Ecofys, 2012). Also for these measures, it should be stressed that the potential differs 

widely between different subsectors and individual sites. Many companies have good energy 

management systems in place and already keep good track of the on-site energy generation and 

distribution systems, limiting the potential to further improve.  

New energy and resource management concepts 

In the longer run, significant improvement of the energy consumption and CO2 emissions will be 

achieved thanks to the optimisation of interdependencies both among stakeholders inside industrial 

parks and outside the park (SPIRE, 2012). Inside the industrial park, new energy and resource 

management systems require integrating demand side management and decentralised energy and 

resources. These systems must offer standardised approaches that optimise cost savings in energy 

and resources supply and demand on the basis of new and innovative analysis tools.  

Outside the park, interactions for example between companies, neighbouring municipalities and 

infrastructure administrations can lead to several positive effects for all stakeholders. Examples are 

increased economic value, higher level of attractiveness to investors, new clients and more jobs 

created. New business models and service concepts are required to address the barriers that prevent 

these solutions. For instance new more intensified, lower capital, but more flexible production units 

could allow greater distribution of process manufacturing closer to end-users and customers. As 

transport energy costs rise, this will generate economic and environmental benefits. 

  

5.3.2 Generic improvement approach 

For all chemicals, except for ammonia, cracker products and chlorine (to be discussed in Section 5.6), 

an approach based on the development of the energy intensity over time is followed. The energy 

intensity of a sector is the energy use in GJ per sales value. The following two determining 

parameters are taken into account: 

1. Developments in the process final energy use in GJ / tonne, i.e. technical efficiency 

improvements; 

2. Developments in the product mix in € / tonne (i.e. structural effect towards the higher value 

added products and development of new ones). 
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A distinction is made between stock operating in 2010 and new stock of chemical plants. For stock 

operating in 2010 the technical efficiency improvement potentials have been set based on the 

information about the energy efficiency improvement potential of the options described above, 

validated by information from historical trends, and improvement potentials for the individual 

products studied in this Roadmap. For example, for five important Polymers (polypropylene, high 

density polyethylene, low density polyethylene and linear low density polyethylene and polystyrene), 

a time series from 1993-2011 was available on the development of energy efficiency over time, 

pointing at improvement rates of approximately 1% per year over the last 20 years (PTAI, 2013), 

which is in the same order of magnitude as the technical efficiency improvements derived from the 

options described above. Over time, the improvement rate has slightly decreased and no new 

breakthrough technologies with lower emission per tonne of product are in the pipeline, limiting 

future potentials.  

The developments in the product mix (the structural effects towards higher value added products) 

have been estimated as expert judgements by the topic team Technology and Innovation. 

Improvement in the energy intensity due to changes in the product mix are based on the expectation 

that there will be a gradual shift towards more specialty and innovative products with higher value 

(e.g. the innovative examples given in Chapter 8). This effect is expected to be limited for basic 

chemicals, more relevant for the Speciality and Consumer Chemicals and more in between for 

Polymers. 

The resulting improvement potentials are shown in Figure 5-5 to Figure 5-8 per subsector and 

separately for the improvement potentials related to the use of electricity and those related to the 

use of fuels and heat.34 In Section 7.3.2, it explained how the potential as given in these figures are 

applied to arrive at scenario-dependant energy efficiency improvement potentials.  

                                                

34 The potentials can thus not be added, but are applicable to different parts of the final energy use: the electricity use and the use of fuels / 

heat.  
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Figure 5-5  Generic electricity efficiency improvement for stock operating in 2010, 

2010-2030 (numbers exclude the products studied individually—cracker 

products, ammonia, chlorine) 

 

 

Figure 5-6 Generic electricity efficiency improvement for stock operating in 2010, 

2010-2050 (numbers exclude the products studied individually—cracker 

products, ammonia, chlorine) 
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Figure 5-7 Generic fuels / heat efficiency improvement for stock operating in 2010, 

2010-2030 (numbers exclude the products studied individually—cracker 

products, ammonia, chlorine) 

 

Figure 5-8 Generic fuels / heat efficiency improvement for stock operating in 2010, 

2010-2050 (numbers exclude the products studied individually—cracker 

products, ammonia, chlorine) 
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have a much shorter history. Industrial ammonia production looks back to 100 years of history, while 

Polymers began their success story about 70 years ago. Some Consumer Chemicals have only 

entered the market in recent years. 

 

Figure 5-9 Improvement potential depends on position in the innovation cycle 

Figure 5-9 also makes clear that constant annual improvements in energy efficiency can only be 

expected for a certain time but come to an end when the process reaches a fully optimised state. 

Improvements beyond the innovation curve of a process can only be reached by jumps toward 

another curve. This is more likely for complex products which can be built up by various chemical 

synthesis routes than for very basic chemicals with simple structures. This effect partly contributes to 

the high improvement potentials shown for Consumer and Specialty Chemicals further down the 

value chain. Of course, the improvement potential for these two subsectors depends strongly on the 

product. The process illustrated in Figure 5-9 cannot be applied to all products in these subsectors. 

It should be noted that the calculation with constant annual improvement rates in the following 

chapter is a simplified, mathematical approach. In reality, periods of limited improvement rates 

alternate with game-changing breakthroughs leading to much higher yearly improvement rates. 

For new stock, current best practice technologies are compared to the current average and take into 

account the development of the best practice technologies. Current best practice technologies have 

energy efficiencies that are 10–50% better than the average (Saygin, 2012). This is confirmed by 

analysis of the individual products ammonia, cracker products and chlorine as studied in this 

Roadmap. As a starting point for this Roadmap, it is assumed that new plants currently built are 

typically 30% more energy efficient compared to the current average. Improvement factors for new 
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stock are applied in such a way that the gap between average and new stock is reduced to a 15% 

difference in 2050. 

 

5.4 Heat source changes, renewables and CHP 

A shift to low carbon fuels to produce heat does not necessarily improve the efficiency of heat 

generation but will result in lower GHG emissions. This option is taken into account by defining, for 

each scenario, a future mix of fuels to be applied, based on the development of the prices for the 

various fuels. It should be noted that, for biomass, upstream GHG emissions related to growing the 

biomass can be substantial, but that these GHG emissions are not taken into account in this Roadmap 

(Box 5-5).  

Geothermal heat can provide heat to some chemical processes. The use of geothermal heat is limited 

by geographical availability and to processes that need a temperature up to approximately 250 °C. 

This limits its applicability to only that part of the heat demand. It should also be noted that a 

substantial part of this low temperature heat is available to the chemical industry as cascaded waste 

heat available from high temperature processes, thereby further limiting the application of low-

quality geothermal heat, because priority will always be given to the readily available heat sources 

from cascading. The costs for geothermal heat are expected to come down from 7.5 € / GJ in 2010 to 

5.4 € / GJ in 205035. Risks associated with geothermal projects are relatively high, making it difficult 

to find financing for the upfront investments. These low prices show that geothermal heat could 

become, in some cases, an attractive source of low temperature heat in the future. However, the 

potential is limited due to the limitations described above. 

Combined generation of heat and power (CHP) can save fuel compared to generating heat and power 

separately if the heat can be used. CHP is already widely applied, supported by several national 

programmes. Currently the profitability is under pressure due to the current natural gas and 

electricity prices as a recent report for the Netherlands shows (COGEN Europe, 2013). At a certain 

time, fossil fuelled CHP will have higher carbon intensity per unit of power compared to centralised 

power production using large shares of renewables. This implies that to further decarbonise, CHP 

would be used in biomass applications and / or in combination with carbon capture and storage. 

Projections from the EU Energy Roadmap (European Commission, 2011b) are used in this Roadmap 

when it comes to future application of CHP by using a CHP included electricity emission factor derived 

from the EU Energy Roadmap (see Section 7.3.3 for more details). 

 

                                                

35 Ecofys analysis 
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Box 5-5 Emission factor of biomass 

In line with the scope 1 and 2 demarcation chosen for this Roadmap, a zero emission factor for 

biomass resources used as fuel or feedstock by the European chemical industry is applied, excluding 

emissions related to the upstream cultivation and processing of biomass. However, life cycle GHG 

emissions related to the production of biomass can be substantial and are the subject of intense 

debate in relation to the overall sustainability assessment of biomass use. Two upstream GHG 

emission sources related to biomass can be distinguished: 

 Direct GHG emissions related to the biomass production activities such as those related to 

farming activities, fertilizer production, transport and distribution and biomass processing, 

including any direct emissions caused by a change in land use from high carbon stock land 

(e.g. forest) to lower carbon stock land (e.g. agricultural land). 

 GHG emissions related to indirect land use changes. Competition for land use might result in 

biomass cultivation activities causing land-use changes elsewhere, e.g. forest to agricultural 

land conversion induced if existing cropland is used for bioenergy feedstock production.  

The order of magnitude of these two sources depends heavily on the type of biomass used and the 

regions and type of land where the biomass is cultivated. The renewable energy directive (European 

Commission, 2009) gives ranges of 4–57 g CO2e per MJ of biofuel for the typical direct life cycle GHG 

impact of biofuels in transport, and 1 to 30 g CO2e per MJ biomass for solid biomass used for power 

generation (European Commission, 2010). Typically, these emission factors are lowest for solid wood 

based biomass, for wastes and residues and for 2nd generation ligno-cellulosic based biofuels, as 

compared to 1st generation biofuels based on food crops. Indirect land-use change emission factors, 

by definition, have to be modelled and are subject to intense debate. The European Commission has 

proposed indirect land-use change factors ranging from 12 g CO2e per MJ biofuel for cereal crops to 

55 g CO2e per MJ biofuel for oil crops (European Commission, 2012c; IFPRI, 2011). Work is still on-

going to estimate indirect emissions from 2nd generation biofuels and solid biomass. The ranges 

above indicate that the life cycle GHG emissions from biofuel use in transport could be a substantial 

part of the direct emission factor from fossil fuels.  

In view of the above, it is important to take the full life cycle GHG emissions of all forms of biomass 

into account in assessing the sustainability of biomass and to further standardise the sustainability 

criteria for biomass use. In Germany, an initiative on this (INRO) has already been started by the 

Federal Ministry for Food, Agriculture and Consumer Protection, aiming to develop sustainability 

criteria for the sustainable supply of raw material for bio-material use. 
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In this Roadmap, solar heat is not specifically assessed, although relevant cost decreases are 

expected36. Solar heat application is limited to the southern European countries (i.e. it is expected to 

be only feasible from a certain latitude, approximately from northern Spain, central Italy and 

northern Greece downwards). As only a small part of European chemical industry is located at those 

latitudes—about 10% of total heat demand—its application is limited to a few percent, due to both 

geographical as well as temperature level constraints. This was also confirmed in the regional 

workshops organised in the context of this Roadmap (Section 1.4). Solar heat is therefore not further 

assessed in this Roadmap. 

 

5.5 End-of-pipe emission abatement 

5.5.1 Carbon capture and storage (CCS) 

This analysis is based on IEA (2012c), IEA & UNIDO (2011), Blomen et al. (2009), ZEP (2011), Broek 

(2010), Kuramochi (2011), Rubin et al. (2007), Broek et al. (2009), Damen (2007), Berghout et al. 

(forthcoming) and on Ecofys expert opinion. 

Capture of CO2 is not a new technology. CO2 has been captured for nearly 100 years for industrial 

purposes or to increase oil production. However, capturing CO2 with the intention to combat climate 

change is relatively new and, up to now, only occasionally applied. Its development could be 

symbiotic with the development of CCU (refer to Section 5.2.3). 

There are three different types of CO2 capture systems:  

 

 Post-combustion (capture from flue gases); 

 Pre-combustion (capture by conversion of fuels); and 

 Oxy-fuel (capture by using by combustion with pure oxygen instead of air). 

 

In some industrial processes, e.g. ammonia production, a highly concentrated CO2 stream is 

produced. In that case, only purification and dehydration is required. Technical improvements in the 

capturing of CO2 will reduce investment, operation and energy-related costs. In some cases, captured 

CO2 can be utilised on-site. This is, for instance, already common practice in the production of urea 

by using CO2 from a nearby ammonia plant. In most cases, the captured CO2 needs to be transported 

to the place where it is either stored or used. Large amounts of CO2 are most efficiently transported 

either by pipelines or by ship. Before transportation, the CO2 needs to be purified and compressed / 

liquefied. The costs for transportation of CO2 depend on transport volumes, transport distance and 

possibilities to use existing infrastructure.  

                                                

36 Ecofys analysis 
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CO2 can be injected and stored in onshore or offshore geological formations. Feasible storage 

locations are (depleted) oil fields, depleted gas fields, saline formations, not commercially extractable 

coal seams, and saline-filled basalt formations. Impermeable cap rock and geochemical trapping 

mechanisms prevent the CO2 from escaping to the surface. Saline aquifers offer a large potential 

storage volume, but the disadvantage is that relatively little is known about them, especially 

compared to hydrocarbon fields. Storage costs vary widely depending on volume, location and the 

characteristics of the reservoir (e.g. depth, type, permeability). 

The attractiveness of CCS depends on the CO2 emissions volume, as all steps in CCS will be cheaper 

per tonne of captured CO2 with increasing volumes. In this Roadmap, ammonia production and steam 

crackers are assessed separately and other chemical production more in general. For CCS, this 

means that per subsector the average plant size and the economic viability of CCS is assessed.  

Investments in CCS consist of capture and compression, transport and storage. In general, the 

variability of these investment costs is high. CCS is currently still in its first generation technology 

which is mainly in the demo phase. With the assumption that CCS takes off and worldwide 

installations will be built, the costs will go down—learning by research and by doing. This learning will 

only take place if CCS is picked up by many sectors, which is the working assumption for the scenario 

where a significant share of CCS uptake is foreseen by the chemical industry.  

Oxyfuel using oxygen from an air separation plant (ASU) is assumed to replace post-combustion 

towards 2030. From 2030 onwards new technologies such as the use of oxygen conducting 

membranes—instead of ASU—in the oxyfuel technology may be used. This may lead to large cost 

reductions, both in energy and investment costs; the latter has not been taken into account in the 

scenarios. 

This Roadmap looks into the costs for CCS for three sources of CO2: 

 Ammonia (pure AND combustion sources, typical plant size 1.2 Mt CO2 / year, respectively 

0.8 Mt CO2 / year) 

 Cracker products (combustion sources, typical plant size around 0.7 Mt CO2 / year, 

significantly more for new crackers, up to 1.5 Mt CO2 / year due to the higher capacity of 

these crackers ) 

 Combustion general (typical plant size 0.05–0.2 Mt CO2 / year) 

 

Figure 5-10 shows the total investment costs for capturing, transporting and storing CO2 for the first 

two sources, whereas Figure 5-11 gives annualised figures for combustion sources of various sizes. A 

detailed overview of the cost assumptions on CSS is given in Annex 1.  
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Figure 5-10 Development of investment costs for CCS applied to ammonia production 

(top), new steam crackers (middle) and existing steam crackers (bottom). 

The black bars depict uncertainty ranges  
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Figure 5-11 Relation between the capturing costs and the scale of CO2 emissions from 

combustion sources. The blue surface indicates the annualised investment 

costs (for total investment costs, see Figure 5-10)37  

For the (generic) subsectors, the potential for CCS has been estimated by combining two sources; 

first by using ETS emissions data from the Community Independent Transaction Log (CITL) database 

and linking the data with NACE codes to the subsectors. Secondly, a typical distribution of (steam) 

boilers and CHP installations for chemical industry was related to boiler and CHP size of subsectors. 

This leads to a differentiation of economic potential between subsectors, as depicted in Figure 5-11. 

Differences in energy costs resulting from the different scales are neglected.  

Costs for CCS on flue gases from combustion are lowest for the production of cracker products due to 

the scale of these installations and increase for smaller emission sources. There are locations with 

limited CO2 storage locations (e.g. Finland, Belgium), but considering the typical location of large 

chemical industry, as well as the possibilities for transporting CO2 (e.g. Antwerp  Rotterdam), this 

would not significantly limit the application of CCS for the EU chemical industry. 

                                                

37 Using electricity prices from the Differentiated Global Action scenario. 
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Apart from being stored (CCS), captured CO2 can also be used (CCU). Its use as feedstock in the 

chemical industry has been discussed in Section 5.3.2. Other uses are possible as well: 

 Enhance hydrocarbon production (enhanced oil recovery, enhanced coal bed methane) 

 In greenhouses (to enhance growth of the plants) 

 In the food / soft drinks industry 

 To produce fuels 

 As raw material for inorganic materials 

The duration of storage of the CO2 and the net reduction of CO2 emissions varies over these uses. 

Combining the use of biomass with CCS or CCU has not been assessed in this Roadmap, but could be 

an interesting future option to reduce the chemical industry’s GHG impact even further. 

 

5.5.2 Other GHG emissions: the case of nitric acid production 

Data on GHG abatement measures for stock operating in 2010 and new stock have been identified, 

characterised and validated by the topic team Technology and Innovation.  

Nitric acid is synthesised by the oxidation of ammonia in the presence of a catalyst. Ammonia and 

nitric acid are often produced at the same site.  

The production chain of nitric acid involves the synthesis of nitric oxide (from the oxidation of 

ammonia), which is subsequently oxidised to nitrogen dioxide. The latter is absorbed in water to form 

nitric acid and nitric oxide, which is cycled back for re-oxidation. At high pressures and low 

temperatures, this intermediate nitric oxide (NO) readily decomposes to nitrogen dioxide (NO2) and 

nitrous oxide (N2O), which is a strong GHG. This section focuses on abatement of N2O.  

In 2007 / 2008, the average emissions were 4.7 kg N2O per tonne of nitric acid (value determined 

within the context of the topic team Technology and Innovation). Since then, more plants have 

installed abatement technologies and the average emission rate has been reduced. Official EU data 

(EEA, 2013; UNFCCC 2012) for 2010 give an average emission figure below 1.5 kg N2O per tonne of 

nitric acid. However, these figures do not cover all nitric acid plants in the EU38. A value of 2.9 kg N2O 

per tonne of nitric acid produced is deemed to be representative for the average European plant in 

2010 (determined by the topic team Technology and Innovation). 

For the abatement of nitrous oxide, two types of measures are possible: 

                                                

38 Coverage of only the plants that have installed technology under JI or opt-in. 
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1. Measures that remove N2O from the process gas stream between the outlet of the ammonia 

oxidation and the inlet of the absorption tower (‘process in-built’),  

2. Measures that reduce N2O after the absorption process (‘end-of-pipe’).  

Nitric acid plants either take the first or the second measure; technically it does not make sense to 

implement both. In Figure 5-12 the combined effect of the two measures is indicated with respect to 

the 2010 baseline N2O emissions. 

 

Figure 5-12 Technical potential in 2050 for N2O abatement in nitric acid production. 

Economic feasibility is not taken into account  

By 2020 all plants are expected to have installed abatement technology with an average emission 

level of 0.7 kg N2O per tonne of nitric acid, decreasing further to an average of 0.4 kg in 2030 and 

0.3 kg in 2050. Investment costs for N2O abatement, expressed in their equivalent CO2 abatement 

costs, range from 7 to 190 € / t CO2e, depending on the type of measure, the current layout of the 

plant and temperatures of the tail gas.  

New nitric acid plants built after 2020 can achieve capture rates of 95% for inbuilt technology and 99% 

for end-of-pipe technology, which corresponds to emission levels of approximately 0.4–0.1 kg 

respectively of N2O per tonne of nitric acid produced. An average capture rate of 96% is taken into 

account for new stock. 

In this Roadmap, it is assumed that N2O emissions from the production of other chemicals (adipic 

acid, glyoxal and glyoxylic acid and caprolactam) follow the same reduction pathway as the N2O 

emissions from nitric acid production. 

 

5.6 Product group-specific abatement options  

In the subsequent sections, measures that are specific for the product are described. The products 

addressed are ammonia, cracker products and chlorine. Different options for improving energy 

efficiency, GHG abatement and new types of installations are discussed.  
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5.6.1 Ammonia 

For currently existing ammonia plants, data on measures were found in Rafiqul et al. (2005). The 

potential from this source was confirmed by the topic team Technology and Innovation.  

For new stock, data on characteristics are dispersed and originate from different sources: detailed 

assessment biomass gasification by industry, alternative future technologies from U.S. DOE (2013) 

and Ganley et al. (2007), and CCS measures by Ecofys experts. Validation was done by the topic 

team Technology and Innovation. 

Ammonia is synthesised by a reaction of nitrogen and hydrogen over a catalyst. While nitrogen can 

be obtained from air, hydrogen has to be produced from other feedstock. The most widely used 

process to produce hydrogen is steam reforming of natural gas. To a far lesser extent, partial 

oxidation of heavy fuel oil or vacuum residue is used. In the European Union, no new ammonia plants 

have been taken into operation in the past two decades.  

The sequence of operations to produce ammonia from natural gas starts with feedstock preparation 

(desulphurisation), followed by primary and secondary reforming and the water gas shift reaction. 

Oxygen compounds are removed in two steps, CO2-removal and methanisation. The resulting gas 

contains hydrogen and nitrogen in the ratio 3:1 and is converted to ammonia in a synthesis loop 

under high pressure and low temperatures. Ammonia plants are sometimes co-sited with a urea plant 

as the CO2 produced in the ammonia process is a feedstock for urea production. 

The energy demand of the current stock of ammonia plants is 35 GJ / t NH3. Figure 5-13 shows how 

this specific energy consumption can be reduced to about 32 GJ / t NH3
 by applying measures to 

plants operating in 2010. The thermodynamic minimum, if one assumes full recovery of all heat 

possible, is equal to the heating value of ammonia, which is 18.6 GJ / t NH3 (this is considered the 

feed for the current ammonia process). However, some energy is required to enable the reforming 

reaction, so the theoretical minimum energy consumption is currently around 23 GJ / t NH3 

(Fertilizers Europe, 2012). 

In the reforming section, energy efficiency improvement can be achieved by a combination of larger 

and moderate improvements. Examples of options are the addition of a pre-reformer, lowering the 

steam to carbon ratio, avoidance of heat loss by insulation and an increase in operating pressure. 

Since most ammonia plants have already improved the energy performance of their reformers in the 

past decades, the total remaining contribution to bringing down the energy demand is only limited. 

Improvements in other operations of the ammonia plant are improved CO2-removal and low-pressure 

ammonia synthesis by improved catalysts, which can still be applied to about 90% of the ammonia 

plants. Further improvements can be achieved by advanced integration of the heat exchanger 

network in the plant, improved process control and improved motor systems. 
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Figure 5-13 Technical potential for energy efficiency improvements in existing ammonia 

plants in 2050. Figure includes feedstock use. Economic feasibility is not 

taken into account  

An analysis of the actual improvements in the energy efficiency of ammonia plants in Europe shows 

that over the last decade very few improvements have been made. Between 2004 and 2011, even a 

slight decline of -0.17% per year was observed for a group of 26 European ammonia plants. The 

causes for this decline are reported to be unclear. In this respect, it should be noted that the 

European ammonia plants are, as a whole, the most efficient ones globally. Future energy efficiency 

improvements depend on the technical and economic ability of plant operators to do energy reduction 

projects requiring additional investments (PSI, 2012). Energy efficiency improvements in existing 

ammonia manufacturing facilities will thus not take place automatically (see also Chapter 7) but 

depend strongly on planning security, which in turn depends on the policy framework.  

Apart from improving energy efficiency, the GHG emissions of ammonia production can be decreased 

by carbon capture techniques. Carbon emission from ammonia production stem from two sources: 

flue gases from combustion processes and process emissions from the reforming reaction. The last 

source of CO2 is sometimes used as feedstock in the urea production or other downstream utilisation. 

However, as CO2 is not captured long term, it is e.g. released upon use of urea; this is not a 

permanent solution from a lifecycle perspective taking account of the fertiliser application. Carbon 

capture and storage is further discussed in Section 5.5.1. 

New ammonia plants can already achieve an energy39 demand of 28 GJ / t NH3 (see Figure 5-14). 

These new processes obtain their higher energy efficiency by an optimised steam reforming section 

(part of the reforming duty is shifted from the primary to the secondary reformer), a low pressure 

synthesis loop and a better process integration. Experts within the topic team Technology and 

Innovation indicated that the energy demand of Greenfield ammonia plants can be expected to be as 

                                                

39 Fuel, heat, electricity and feedstock are included here. 
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low as 28 GJ / t NH3 by 2020, 27 GJ / t NH3 by 2030 and 26 GJ / t NH3 by 2050, when the process is 

highly integrated with other industrial processes or heat recovery systems.  

Another option to abate the carbon emission of ammonia production is to change the process of 

hydrogen generation. Hydrogen can be produced out of other feedstock and biomass is a particularly 

promising option. Biomass can be converted in a gasifier to produce hydrogen. Availability of the 

feedstock is a major limiting factor for the application of this technology. More about using biomass 

as feedstock can be found in Section 5.2.1. 

Hydrogen can also be obtained by electrolysis of water. The carbon abatement potential depends 

strongly on the electricity mix. If electricity can be generated free of GHG emissions, e.g. by 

renewable energy sources, 100% of the CO2 emissions of ammonia production can be avoided. Using 

the current electricity mix, water electrolysis does not result in lowering the carbon emissions of 

ammonia production. However, for 2030 or later, due to the greening of the power sector, this might 

become the case. The U.S. Department of Energy investigated several next-generation technologies 

to produce hydrogen, amongst others by using a high temperature nuclear reaction. A new 

development is the Solid State Ammonia Synthesis (SSAS) process, which uses only electricity. The 

target use is 7–8 MWh / t NH3. Both technologies are not yet proven, although the first SSAS plant is 

announced to be built on a commercial scale (Ganley et al., 2007). 

In Figure 5-14, alternative ammonia production technologies are compared to the baseline 

technology, being steam methane reforming. 

 

Figure 5-14 Energy and feedstock uses of new ammonia plants. The feedstock energy 

represents the heating value of ammonia. Data reflect final energy use in 

2050 
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5.6.2 Cracker products 

The data on routes existing in 2010 for olefin production are based on Ren (2009), IEA (2009a) and 

Neelis et al. (2008). Further input and validation of the assumptions and data was done by the topic 

team Technology and Innovation. For characteristics of new stock for cracker products, a combination 

of academic and industry data has been used. These data have been validated by the topic team 

Technology and Innovation. 

Cracker products are produced in steam crackers. In this Roadmap, the term “cracker products” used 

in the context of steam crackers is used for ethylene, propylene, butadiene, acetylene, benzene and 

hydrogen. These cracker products are part of the subsector Petrochemicals and are important 

intermediates and feedstock for the production of many other chemicals such as the Polymers 

polyethylene and polypropylene. Naphtha, a crude oil fraction, is by far the most important feed in 

Europe. In other continents, steam crackers also use ethane, propane and butane as a feed, 

depending on the pricing of the different feeds and the desired product mix. A typical naphtha-based 

steam cracker consists of three parts: 

 Feedstock (naphtha)—diluted with steam—is heated in furnaces to 750 °C–900 °C in the 

radiation section, where naphtha is cracked into products of lower chain length. After leaving 

the furnaces, the hot gas mixture is rapidly cooled down. To use the heat efficiently, steam is 

recovered at various temperatures and pressures. 

 The cracked gas is cooled to around 150 °C and most benzene, toluene, xylene and fuel oil 

are separated off. In the next step, water from dilution steam is separated off and recycled to 

the furnaces. The remainder of the cracked gas—containing mainly the other cracker 

products—is compressed. 

 Finally, the different fractions of the remainder of the cracked gas are separated and purified 

for each specific product. The obtained methane is sent to the furnace section where it is 

used as fuel. 

The average energy demand of currently operating naphtha crackers is 18 GJ / tonne 

cracker products. State of the art naphtha crackers use 11 GJ / tonne cracker products (information 

obtained within the topic team Technology and Innovation) 40. In recent years, at best small energy 

efficiency improvements have been made in the European steam crackers according to the topic team 

Technology and Innovation despite the existing potential as described below.  

A general factor limiting the total potential from many of the measures described below is that a 

steam cracker produces and consumes steam (at several temperature / pressure levels). When 

                                                

40 In addition to the fuel use, feedstock is used. The amount of feedstock for cracker products is defined in this Roadmap as the caloric value 

of the cracker products corrected for the endothermicity leading to a feed energy of 42 GJ / tonne cracker products. The endothermicity is 

the heat of reaction needed to produce cracker products from feed and is included as part of the energy use. The actual intake of naphtha is 

higher, but some products (not the “cracker products”) are used outside the chemical industry. 
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optimising the energy consumption of a steam cracker, the total steam balance of the cracker—and 

its vicinity—should always be taken into account, as there is no point in saving steam consumption 

and ending up with an excess of steam which would then be vented.  

Improving plants operating in 2010 

Improvements in the energy efficiency of crackers operating in 2010 can be achieved in: 

The furnace section: 

 Improving the coils (leading to reduced coking and thereby improving the heat transfer, 

possibly also leading to increased selectivity); 

 Optimising the heat balance of the furnace, maximising heat use at the temperature it is 

available, and minimising the heat losses through the stack41; 

 Burning part of the fuel before the furnace in an integrated gas turbine, to produce additional 

electricity or drive compressors; this has only a very limited potential as a retrofit option, due 

to costs, reliability and burner configuration, and the produced / excess high pressure steam 

needs to have an efficient use. 

 Optimising production of steam in the Transfer Line Exchangers. 

In the fractionation and compression section, most gains in energy efficiency can be achieved by 

reducing the energy use of the compressor, by changing internals, improving inter-stage cooling or 

reducing fouling. The energy source (condensing or back pressure steam, electricity) has an impact 

on the efficiency as well. The energy consumption of compressors depends on the (amount of) gases 

it needs to compress and therefore depends on the specific layout of a plant – which depends on 

other factors as well. Once it has been built, changing this layout is not straightforward. In future, 

early membrane separation of alkanes (ethane and propane sent back to the furnaces) might become 

an interesting option—also eliminating the currently energy intensive ethane-ethylene and propane-

propylene separations. 

In the recovery and separation section, improving distillation columns (internals, new concepts like 

divided wall or heat integrated distillation) or replacing them by membrane separation (which needs 

further innovation) offers possibilities to improve the energy efficiency. 

In general, advanced process control—usually implemented to optimise production—has as a side 

effect on energy efficiency improvement. Minor savings could be achieved from improved insulation 

and energy efficient lighting. 

                                                

41 Condensation of the water in the flue gas—and associated corrosion problems—determines the minimum required heat loss. 
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Significant savings could also come from optimising the heat integration over the full plant, but also 

in relation with its vicinity. This could imply the use of (innovative) heat pumps, providing steam to 

other plants on the location, attracting new heat consuming business to the close vicinity of the 

crackers, or supplying heat to existing neighbours. The overarching goal is to optimise steam 

generation and use. The potential here depends very strongly on the current integration of sites and 

is strongly site-specific. 

Based on the above, the energy efficiency of stock operating in 2010 is expected to improve by 14-21% 

(2030) and by 23–34% (2050) compared to 2010. These improvements will only be realised when 

innovative technologies are further developed and become proven technology. The economic 

attractiveness of retrofitting is only known for part of these innovative technologies. 

Capturing of CO2 from the flue gases via carbon capture and storage is discussed in Section 5.5.1.  

New plants for the production of cracker products 

The best crackers based on state-of-the-art steam cracking of naphtha can currently achieve an 

energy demand of 11–14 GJ / tonne cracker products (Ren, 2009). The higher energy efficiency 

compared to the average steam crackers is in general due to improved heat integration and heat 

transfer, high efficiency compressors, a different severity42, lower coking and maximisation of olefin 

yields. Based on input from the topic team Technology and Innovation, the lower limit of this number 

is used as the baseline technology: 11 GJ / tonne cracker products. Over time, for 2020: 

11 GJ / tonne cracker products, for 2020–2030: 10 GJ / tonne cracker products and for 2030–2050: 

9 GJ / tonne cracker products.  

Catalytic olefin technologies can reduce activation energy use in the pyrolysis section of naphtha 

steam cracking processes, thereby operating at moderate temperature and pressure in comparison 

with steam cracking. The energy consumption by catalytic cracking of naphtha is estimated to be 

10-11 GJ / tonne cracker products, approximately 10–20% less than state-of-the-art steam cracking 

(Ren, 2009). It is assumed that the energy consumption of the future new steam cracker is 

approximately comparable with catalytic cracking (which uses naphtha as feedstock as well). 

Therefore, no further distinction was made between catalytic cracking and steam cracking. 

Other options to lower carbon emissions of cracker products production are the use of alternative 

processes to produce specific types of olefins, e.g. ethylene or propylene. Most of these processes 

use other feedstock, particularly biomass.  

                                                

42 The severity is related to the cracking temperature, which can be used to control the types of cracker products and other products that are 

produced depending on product prices etc. 
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Biomass from 1st generation sources (e.g. sugar cane) can be directly fermented under anaerobic 

conditions to ethanol, which can consequently be dehydrated to ethylene. Here, the fermentation of 

the sugar cane is outside the scope of the Roadmap, because ethanol as feedstock is purchased as a 

commodity on the world market. Alternatively, lignocellulosic biomass (2nd generation) can be 

hydrolysed to glucose and consequently fermented to ethanol. In that case, the woody biomass is 

purchased, so the whole chain from biomass hydrolysis to ethanol dehydration is under consideration. 

The woody biomass can also be converted into methanol via gasification and subsequent methanol 

synthesis. This produced methanol can be used to produce olefins with the so-called 

“Methanol-to-Olefins” (MTO) technology. The amounts of biomass needed for these routes—

expressed in GJ’s—can be significantly higher than the amounts of fossil fuel and feedstock for the 

fossil based routes, and amounts of by-products (such as cogenerated electricity) vary over the bio-

based routes. Availability of the biomass feedstock is a major limiting factor for application of these 

technologies. More about using biomass as feedstock can be found in Section 5.2.1. 

Natural gas (containing primarily methane) can also be converted into methanol via steam reforming 

to synthesis gas. Alternatively, plastics waste can be used to produce synthesis gas and methanol. 

This methanol can subsequently be converted to olefins, similar to the biomass to methanol route 

described above. The plastic waste can also be converted to ‘waste naphtha’, which would involve 

one step less. However, this is not considered here as historical economical evaluations of that 

process were not favourable. 

In Figure 5-15, alternative cracker products production technologies are compared to the baseline 

technology, being naphtha steam cracking. 

 

Figure 5-15 Energy and feedstock use of new plants for the production of ethylene and 

other cracker products. Feedstock use defined as calorific value of the 

products corrected for endothermicity. Data reflect final energy use in 205043 

                                                

43 The energy consumption of the “plastic waste to methanol to olefins” route is not included in Figure 5-15, but slightly lower than that of 

the “woody biomass to methanol to olefins” route. 
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5.6.3 Chlorine 

Industrial chlorine is produced by the electrolysis of aqueous sodium chloride, called the chloralkali 

process. Besides chlorine, hydrogen gas and sodium hydroxide are also produced.  

Three different types of electrolysis processes exist: membrane cell, mercury cell and diaphragm cell 

process. In the membrane cell process, the anode and the cathode are separated by an ion-exchange 

membrane, through which only sodium ions and a little water pass. In the mercury cell process, 

sodium forms an amalgam (a mixture of two metals) with the mercury at the cathode. The amalgam 

reacts with the water in a separate reactor called a decomposer where hydrogen gas and caustic soda 

solution at 50% strength are produced. In the diaphragm cell process the anode area is separated 

from the cathode area by a permeable diaphragm. The brine is introduced into the anode 

compartment and flows through the diaphragm into the cathode compartment. All three technologies 

produce hydrogen and caustic soda, the latter in different concentrations (diaphragm: 11%, 

membrane: 32%). In case of diaphragm or membrane technology, steam is used to increase the 

concentration of the caustic to market specifications (50%). 

The share of mercury cell processes in the total chlorine production capacity has been steadily 

declining since the end of the 90s and producers across Europe are progressively moving towards 

membrane technology as this eliminates mercury emissions to waste water and to the atmosphere. 

Recently installed new membrane cell capacities (2009) can e.g. be found in Spain (30 ktonnes per 

year) and Germany (430 ktonnes per year). Since 1984, no new plants based on the mercury cell 

technique have been built and only a few diaphragm cell plants.  

The average electricity consumption for mercury cells is approximately 3,600 kWh per tonne, and for 

membrane and diaphragm cells about 2,800 kWh per tonne of produced chlorine. The overall EU 

average electricity consumption is 3,300 kWh per tonne of chlorine, whilst the lowest consumption 

figure is 2,460 kWh per tonne chlorine.  

Little data could be found on measures applicable to existing chlorine plants. All data have been 

discussed within the topic team Technology and Innovation, involving also technology providers. For 

characteristics of new stock, mainly public sources have been used (UNEP, 2012) as well as best 

available technique reference documents (European Commission, 2011c). Validation has been done 

by the topic team Technology and Innovation.  

For existing chlorine plants, three measures have been taken into account. Conversion of mercury 

cell plants to membrane cell technology, changing monopolar to bipolar membrane technology, and 

the retrofitting of membrane cell plants operating in 2010 to oxygen-depolarised cathodes technology 

(Figure 5-16).  
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When mercury processes are converted to membrane cell technology, electricity consumption is 

reduced by about 23%. However, additional steam is required to concentrate the caustic soda to 50%, 

as the produced caustic soda in membrane cell technology has a lower concentration (32%) than in 

mercury cell processes. The main driver for the conversion to membrane is a voluntary agreement 

and 100% conversion is expected to be complete by the end of 2020. The conversion to membrane 

cell technology is reported to cost 40–50% of the costs of a new membrane plant, totalling about 

€ 500 per tonne of annual chlorine capacity. 

 

Figure 5-16 Technical potential for energy efficiency improvements in existing chlorine 

plants in 2050. Economic feasibility is not taken into account  

The switch from monopolar to bipolar cells applies only to membrane cell processes. Bipolar cells 

save energy by minimising the inter-cell voltage losses. The current share of monopolar in membrane 

cells is approximately 10%, which means the maximum applicability of this measure is about 5% of 

total 2010 chlorine capacity. Investments are estimated to be earned back in 5 years with 2010 

industry electricity costs. 

Oxygen-depolarised cathodes (ODC) can be used in membrane cell processes and reduce oxygen to 

produce hydroxide instead of converting water to hydrogen and hydroxide. This lowers the cell 

voltage by about 1 volt and translates to an energy saving of about 30%. The actual saving is lower, 

as oxygen with high purity needs to be produced, and hydrogen is no longer coproduced; producing 

the hydrogen elsewhere leads to a net increase of energy / feedstock use, but the conversion to 

power is no longer needed. A membrane cell plant using the ODC technique operated by Bayer and 

UHDENORA / Uhde with a chlorine capacity of 20 ktonnes per year was put into operation in summer 

2011. Investment costs for the conversion to the ODC technique were reported to be in the range of 

EUR 70–100 per tonne of annual chlorine capacity (European Commission, 2011c). 

For new plants, membrane cell technology is the best available technology and considered the 

baseline technology for future chlorine production. The power consumption of new electrolyser cells 

shows limited improvement from 2,550 kWh / t Cl2 (commissioned in 2020), via 2,500 kWh / t Cl2 

(commissioned 2030) to 2,400 kWh / t Cl2 (commissioned in 2050) whereas the steam consumption 

(needed for concentrating the produced caustic soda to market-grade) remains constant at 

2 GJ / t Cl2. An alternative technology, also using brine as feedstock, is oxygen-depolarised cathodes 

(ODC), giving reductions of up to 30% of electricity compared to new conventional membrane plants 

(see ODC above). 
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In Figure 5-17, alternative chlorine production technologies are compared to the baseline technology, 

being the membrane cell. 

 

Figure 5-17  Energy and feedstock use of new chlorine plants. The additional feedstock 

use is due to alternative hydrogen production in case of ODC technology. 

Data reflect final energy use in 2050 
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6 The road to 2050 – four scenarios 

6.1 Europe on its way to 2050 

The first half of the 21st century will likely see continued growth of the global economy with global 

power shifting from established industrial countries to currently emerging key economic regions. It is 

likely that interdependence between regions will continue to increase with expanding trade and 

information flows. The relative importance of Europe as an economic region is expected to decline, 

and Europe’s population is expected to grow slowly between now and 2050 resulting in an ageing 

population. The economic growth worldwide will result in increased competition for resources.  

How will Europe and more specifically Europe’s manufacturing industry survive amid this increased 

competition? Will it be able to be a winning industry by providing goods and services to satisfy the 

increasing global demand for goods with production within Europe’s borders? And how does this all 

relate to Europe’s ambition to make a full transition to a low carbon economy in the coming decades? 

Will this ambition help to enable the manufacturing industry to remain competitive in the long run or 

will it perhaps create a low emitting Europe, meeting its material demands via high embodied carbon 

imports? 

The future of the chemical industry is studied via four scenarios, which are described in Section 6.2. 

In Section 6.3 the CO2 prices assumed in the different scenarios are explained, and in Section 6.4, 

the assumed energy prices are clarified. Finally, in Section 6.5, the methodology of bringing the 

information together is explained. 

 

6.2 Four scenarios for the European chemical industry  

The four scenarios explored differ in the energy and climate policy landscape in Europe and the rest 

of the world (level of ambition; CO2 price; types of policies) and in projections on the energy prices 

and the speed of innovation. Based on these scenario descriptions, projections are made for the 

demand for and production of chemical products in Europe, and the resulting trade flows. Also, the 

development and uptake of the technologies discussed in Chapter 5 and the development of the mix 

for fuel, heat and power generation is projected for the four scenarios. The scenario projections are 

given in Chapter 7.  

Table 6-1 gives an overview of the four scenarios, including two scenarios in which global action is 

absent and two scenarios in which international action is taken to keep global warming within the 

2 °C limit: 
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1. In the Continued Fragmentation scenario, Europe continues with its current policies, but 

lowers the 2050 ambition to a 40% emission reduction in 2050 as compared to 1990 in 

the absence of global action against climate change. 

2. In the Isolated Europe scenario, the current fragmentation in energy and climate policies 

with a low global ambition continues, but Europe intensifies its policy ambitions striving 

for a 80% reduction in GHG emissions in 2050 as compared to 1990, even in the absence 

of a global agreement. 

3. All key economic regions take action in the Differentiated Global Action scenario, with a 

global GHG emission reduction of approximately 50% between 1990 and 2050. The 

differentiated responsibilities result in an 80% GHG emissions reduction target for Europe. 

There is little convergence globally in the policy approaches followed. 

4. In the Level Playing Field scenario, a global agreement is reached to mitigate climate 

change by reducing global GHG emissions by 50% between 1990 and 2050. Policies are 

chosen to ensure a level playing field for the global manufacturing industry via a uniform 

global carbon price signal. 

A summary of the key input parameters is given in Annex 2. 

Table 6-1 Description of scenario starting points (continued) 

 
Continued 

Fragmentation 

Isolated 

Europe 

Differentiated 

Global Action 

Level Playing 

Field 

Economy-wide GHG 

emission reduction 

target in Europe by 

2050 compared to 

1990 

An economy-wide 

40% target, 46% 

for industry. 

An economy-wide 

80% target, similar 

for industry. 

An economy-wide 

80% target, similar 

for industry. 

 

 

 

Global ambition in 

line with 2 °C 

target (50% 

reduction), uniform 

global carbon price 

signal determines 

where abatement 

takes place. 
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Table 6-1 Description of scenario starting points (continued) 

 
Continued 

Fragmentation 

Isolated 

Europe 

Differentiated 

Global Action 

Level Playing 

Field 

Level of 

harmonisation  

No global climate 

change agreement, 

continued 

fragmentation of 

worldwide energy 

and climate policies 

with low global and 

less ambitious EU 

ambitions. 

No global climate 

change agreement, 

continued 

fragmentation of 

worldwide energy 

and climate 

policies. The EU is 

the only region 

with ambitious 

climate ambitions. 

Global commitment 

in line with 2 °C 

target. Country 

ambition levels and 

policies 

differentiated with 

limited global 

convergence. 

Global climate 

change agreement 

in line with 2 °C 

target. Uniform 

global carbon price 

signal, e.g. via fully 

linked emissions 

trading systems. 

Main features of the 

energy and climate 

policies in Europe 

The current EU 

Policy Initiatives 

are implemented. 

Actions beyond the 

current initiatives 

are not 

undertaken44. 

On top of the current EU policy initiatives, Europe’s abatement 

is driven by carbon pricing for all sectors of the economy where 

all energy sources can compete on a market basis with no 

specific support measures for energy efficiency and renewables. 

Fossil fuel prices 

(Figure 6-4) 

Strong increase in global energy use 

resulting in increasing fossil fuel prices. 

No convergence in fossil fuel prices. 

As a result of global action, fossil fuel use 

and price increases are limited. No 

convergence in fossil fuel prices. 

                                                

44 This scenario follows the Current Policy Initiatives scenario of the EU Energy Roadmap. The ETS cap is assumed to continue declining 

beyond 2020 as stipulated in legislation, however, with an effective domestic emission decrease lower than the linear decrease rate of 

1.74% to result in a 50% cumulative decrease of actual emissions instead of 70% (European Commission, 2011b). 
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Table 6-1 Description of scenario starting points (continued) 

 
Continued 

Fragmentation 

Isolated 

Europe 

Differentiated 

Global Action 

Level Playing 

Field 

Industrial electricity 

prices 

(Figure 6-4) 

 

Electricity price of 

107 € / MWh in 

2030, stabilisation 

afterwards, 

continued 

differences in 

electricity price 

with rest of the 

world.  

Industry pays 

~65% of average 

retail electricity 

price.  

Electricity price of 

132 € / MWh in 

2030, stabilisation 

afterwards, 

continued 

differences in 

electricity price 

with rest of the 

world. 

Industry pays 

~80% of average 

retail electricity 

price.  

Electricity price of 

96 € / MWh in 

2030, stabilisation 

afterwards, 

continued 

differences in 

electricity price 

with rest of the 

world. 

Industry pays 

~60% of average 

retail electricity 

price.  

Electricity price of 

128 € / MWh in 

2030, stabilisation 

afterwards; 

converging 

electricity prices 

globally. 

Industry pays 

~80% of average 

retail electricity 

price. 

CO2 prices (in 

constant 

2010 € / t CO2) 

(Figure 6-1) 

2030: 33  

2050: 53 

2030: 44  

2050: 221 

2030: 54  

2050: 276 

2030: 37  

2050: 194 
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Table 6-1 Description of scenario starting points (continued) 

 
Continued 

Fragmentation 

Isolated 

Europe 

Differentiated 

Global Action 

Level Playing 

Field 

Scope of carbon 

pricing, allocation 

and differences with 

rest of the world 

Existing ETS scope.  

 

Continued, but 

declining free 

allocation for direct 

emissions in the 

2030–2050 period, 

no free allocation 

for power sector. 

 

No effective CO2 

price signal in rest 

of the world. 

ETS and non-ETS 

sectors have equal 

CO2 prices from 

2020 onwards45.  

 

No free allocation 

after 2020. 

 

No effective CO2 

price signal in rest 

of the world. 

ETS and non-ETS 

sectors have equal 

CO2 prices from 

2020 onwards. 

 

Continued, but 

declining, free 

allocation for direct 

emissions, no free 

allocation for the 

power sector 

 

CO2 price 

difference taking 

free allocation of 

allowances into 

account with the 

rest of the world at 

most 30 € / t CO2.  

 

ETS and non-ETS 

sectors have equal 

CO2 prices from 

2020 onwards. 

 

No free allocation 

after 2020. 

 

Uniform, global CO2 

price signal. 

Innovation 

 

Low. Predominantly 

small incremental 

innovations without 

major development 

and deployment of 

breakthrough 

technologies. 

Medium. 

Innovation in 

Europe is 

somewhat 

accelerated due to 

the high CO2 prices 

in this scenario. 

High. Global action has a positive 

stimulus on the development and 

deployment of breakthrough technologies 

resulting in significant technology 

spillovers between world regions. 

 

                                                

45 This choice is made in line with the EU Energy Roadmap (European Commission, 2011a) where the same carbon value applies also to non-

ETS sectors assuring cost-efficient emission abatement in the whole economy post-2020.  
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6.3 CO2 prices and costs 

CO2 prices 

The CO2 prices for each of the four scenarios are detailed in Figure 6-1. The Continued Fragmentation 

scenario has the lowest CO2 price, because this scenario has the lowest economy-wide GHG 

emissions reduction target (40% by 2050 compared to 1990). This scenario closely resembles the 

Current Policy Initiatives (CPI) scenario of the EU Energy Roadmap. This scenario forms the basis for 

the CO2 price development in the Continued Fragmentation scenario.  

 

Figure 6-1 Assumed development of the CO2 price in the four scenarios 

The Differentiated Global Action scenario has the highest CO2 price of the four scenarios, and this 

scenario is quite similar to the EU Energy Roadmap’s decarbonisation scenarios. The EU Energy 

Roadmap envisions several different decarbonisation scenarios. The “Diversified Supply” scenario 

forms the basis for the CO2 pricing in the Differentiated Global Action scenario of this Roadmap. The 

Diversified Supply scenario, also discussed in the EU Commission’s Low Carbon Economy roadmap, 

shows a decarbonisation pathway where all energy sources can compete on a market basis with no 

specific support measures for energy efficiency and renewables (European Commission, 2011a, page 

27). It can thus be regarded as a technology neutral scenario without much direct technological 

support. 

For the remaining two scenarios, Isolated Europe and Level Playing Field, the CO2 prices are derived 

from the CO2 price in the Differentiated Global Action scenario as detailed below. 
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In the Isolated Europe scenario, there are two factors which have an effect to decrease the CO2 price: 

 The rest of the world uses more fossil energy than in the Differentiated Global Action scenario. 

The resulting high fossil prices give Europe an additional incentive to reduce the use of fossil 

fuels. Consequently, a lower CO2 price is required to reduce the European emissions to the 80% 

economy wide target. 

 Under unilateral action on climate change, the international competitiveness of European 

industry is negatively impacted and as a result, lower European industrial production occurs 

compared to the Differentiated Global Action scenario, where there is global action on climate 

change, albeit differentiated. As a result, the economy-wide target can be reached with lower 

CO2 prices as there are lower emissions from industry and the power sector due to lower 

levels of activity. 

 

To account for these effects, a 20% lower CO2 price is assumed in the Isolated Europe scenario as 

compared to the Differentiated Global Action scenario. 

In the Level Playing Field scenario, a global 50% GHG emission reduction target in 2050 (as 

compared to 1990) is agreed with a uniform global carbon price signal, which determines where 

action is taken. As a result, abatement can take place at lower costs. To account for this, a 30% 

lower CO2 price in the Level Playing Field scenario is assumed compared to the Differentiated Global 

Action scenario. The resulting CO2 prices are shown in Figure 6-1. 

These prices are also used in the economic assessment of emission saving measures of which the 

results are described in Section 7.3. The balance between investment costs and the resulting GHG 

emissions reduction and energy savings determine the profitability of the measures. Some measures 

become putatively profitable as a result of the higher CO2 prices (and for some cases higher energy 

prices) compared to today. However, compared to lower CO2 and energy prices, these measures still 

result in an additional burden as compared to an environment with low CO2 and energy prices, due to 

necessary investments and labour costs. Thus, the development of energy or GHG bills does not 

reflect real additional burdens. It is thus important to compare the effective CO2 cost burden on the 

European chemical industry in comparison with the rest of the world to assess the impact of the CO2 

price signal on competitiveness.  

CO2 costs 

CO2 costs are important to investigate, as is the difference in the CO2 costs between Europe and the 

rest of the world. CO2 costs arise when industry has to pay for emissions and the costs are therefore 

dependent on the level of allowances to emit GHGs allocated at no charge. Figure 6-2 shows the 

difference in CO2 costs between the European chemical industry and the rest of the world. Differences 

in CO2 costs appear after 2020 and increase depending on the scenario with the largest difference in 

CO2 costs between Europe and the rest of the world observed in the Isolated Europe scenario. In 
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contrast, the Level Playing Field scenario is characterised by similar CO2 prices and costs around the 

world so the difference is always zero through the time period studied. 

The Continued Fragmentation scenario assumes no CO2 price signal in the rest of the world. However, 

this scenario has the lowest economy-wide target, so the differences in CO2 costs are lower than the 

Differentiated Global Action scenario. In the Isolated Europe scenario, industry does not receive free 

allocation beyond 2020 and it is assumed that there is no CO2 price signal in the rest of the world. 

The CO2 cost difference with the rest of the world in this scenario is equal to the CO2 price signal 

which rises to over 200 € / t CO2 in 2050. 

In the Differentiated Global Action scenario, it is assumed that (declining) free allocation in Europe 

results in a smaller difference in CO2 costs between Europe and the rest of the world, and that the 

difference does not exceed 30 € / t CO2.  

  

Figure 6-2 Assumed difference in the CO2 costs felt by industry between the EU and the 

rest of the world 
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6.4 Energy price developments 

The prices in the EU Energy Roadmap (European Commission, 2011b) forms an important basis for 

the prices assumed in the different scenarios. An overview of sources used to determine the prices is 

given in Table 6-2. 

Table 6-2 Overview of the data sources for the energy prices 

 
Continued 

Fragmentation 
Isolated Europe 

Differentiated 

Global Action 

Level Playing 

Field 

Coal 
EU Energy Roadmap 

Current Policy Initiatives scenario 

in line with the IEA’s Energy Technology 

Perspectives 2012 (IEA, 2012c) 6 DS 

scenario prices 

EU Energy Roadmap 

Decarbonisation scenario 

in line with the IEA’s Energy Technology 

Perspectives 2012 (IEA, 2012c) 2 DS 

scenario prices 

Oil 

Gas 

Electricity 

EU Energy 

Roadmap 

Current Policy 

Initiatives scenario 

EU Energy 

Roadmap 

Diversified Supply 

scenario 

Adjustments for 

different fossil fuel 

prices, CO2 price 

and cost distribution 

(see below) 

EU Energy 

Roadmap 

Diversified Supply 

scenario 

Adjustments for 

different cost 

distribution (see 

below) 

EU Energy 

Roadmap 

Diversified Supply 

scenario 

Adjustments for 

different CO2 price 

and cost distribution 

(see below) 

Wood pellets APX / ENDEX and Ecofys expert opinion 

Ethanol Platts (2012), IEA (2012c) and OECD / FAO (2011b) 

Geothermal 

heat 
IPCC (2011), IEA (2010a) and IEA (2010b) 
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Fossil fuel prices 

The prices of fossil resources (oil, natural gas and coal) were all taken from the EU Energy Roadmap: 

 The prices in the Continued Fragmentation and Isolated Europe scenarios were both taken 

from the EU Energy Roadmap’s Current Policy Initiatives (CPI) scenario. The underlying 

assumption in this scenario is that globally no additional climate action is undertaken up to 

2050 beyond current policies. Therefore use of fossil fuels continues to rise steeply with an 

increasing effect on the price. For the Isolated Europe scenario the relatively small impact of 

the reduced demand for fossil fuels in Europe as a consequence of the unilateral high 

ambitions in Europe is ignored. These prices are in line with the 6 DS scenario in IEA’s Energy 

Technology Perspectives (IEA, 2012c) which also is largely an extension of current trends. By 

2050, global energy use almost doubles (compared with 2009) and total GHG emissions rise 

even more. In the absence of efforts to stabilise atmospheric concentrations of GHGs, 

average global temperature rise is projected to be at least 6 °C in the long term.  

 The fossil fuel prices in the Differentiated Global Action and Level Playing Field scenarios were 

both taken from the EU Energy Roadmap’s decarbonisation scenarios. Here the underlying 

assumption is that the rest of world’s ambition leads to a reduction of global emissions of 50% 

by 2050 compared to 1990. This leads to a relatively low global coal / oil / gas demand and 

price in both scenarios. These prices are in line with IEA’s Energy Technology Perspectives 

(IEA, 2012c) 2 DS scenario46. 

In this Roadmap, unconventional gas was not studied separately (refer to Box 6-1). 

 

                                                

46 This scenario describes an energy system consistent with an emissions trajectory that recent climate science research indicates would give 

an 80% chance of limiting average global temperature increase to 2 °C. It sets the target of cutting energy-related CO2 emissions by more 

than half in 2050 (compared with 2009) and ensuring that they continue to fall thereafter. 
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Box 6-1 Shale and other unconventional gas in this Roadmap  

Unconventional gas is an overarching term for tight gas, shale gas, coalbed methane and methane 

hydrates. Unconventional gas has led to changes in global natural gas supply and trade. In the USA, 

the rapid exploration of shale gas and the subsequent overcapacity of natural gas supply have led to 

low natural gas prices and have created a significant competitive advantage for industry in the USA. 

The European potential for recoverable unconventional gas is estimated to be in the same order of 

magnitude as conventional gas resources (IEA, 2012d). This is significant, but it is unlikely that 

exploration of these reserves will change the import dependency regarding natural gas. According to 

IEA (2012d), the import dependency for natural gas in 2035 in Europe would be 86% in a low 

unconventional scenario as compared to 74% in a high unconventional gas scenario. Environmental 

concerns related to unconventional gas concern the large volumes of water used, methane emissions 

and potential pollution due to the chemicals used in the exploration. Exploration of shale gas in 

Europe and globally should therefore pay appropriate attention to these environmental issues.  

The impact of unconventional gas development in Europe on the price of gas for Europe is difficult to 

assess, because the long term natural gas equilibrium price is determined by many factors, including 

developments in the demand and supply in other regions of the world, e.g. China. Exploration and 

production of shale gas in Europe will have a decreasing impact on long-term natural gas prices in 

Europe. This also holds for an improved natural gas trade infrastructure in Europe and strengthened 

natural gas trade relations (Liquefied Natural Gas pipelines and terminals, natural gas trade with 

Russia etc.) 

In this Roadmap, a shale gas scenario is not studied explicitly, but natural gas import prices from 

the EU Energy Roadmap (European Commission, 2011b) are used as a basis for energy price 

projections without detailing the exact differences with regions outside Europe. However, the current 

energy and feedstock price differences between Europe and certain regions of the world (including 

shale gas in the US and associated gas in the Middle East) are important drivers for the negative 

outlook for the chemical industry in three of the four scenarios studied. Measures such as those 

described above (accelerating the sustainable exploration and production of indigenous shale gas 

and further investing in natural gas trade relations) can contribute to a more competitive position of 

the European chemical industry in terms of energy and feedstock costs. 

Historic gas and oil prices 

In Figure 6-4, historic oil and gas prices are shown for comparison with their respective range that is 

assumed for future years in the different scenarios. The figure clearly shows that the cost of oil and 

gas increased significantly over the past couple of years and is not expected to decrease back to the 

values in the nineties. More importantly, policy costs, not included in Figure 6-4, add substantial 

costs to the levels shown in this graph, especially in the scenarios at the lower ends of the shown 

ranges (refer to Figure 6-5). 
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Figure 6-3  Historic and projected oil and gas import prices at constant 2010 €47 with 

historical prices from BP (2012); future prices give the range of import 

prices over the scenarios excluding policy costs 

Industrial electricity prices 

Currently, in the market the electricity end-user (retail) prices are determined by the wholesale price 

plus fixed costs such as transmission, distribution and balancing costs. The wholesale price is related 

to the variable costs for the marginal power station to meet demand. Variable costs are largely 

dominated by fuel costs, so renewable electricity and nuclear have zero or low variable costs, and 

fossil fuel-fired power stations have higher variable costs. The EU Energy Roadmap mentions that 

price formation for electricity might change in future, because of the penetration of renewable 

electricity generation with no variable costs. However, the marginal cost concept can still play an 

important role up to 2050, because electricity costs with carbon capture and storage (coal and gas 

fired) still have significant variable costs from fuel usage. It is well conceivable that these costs will 

be supplemented, more than today with costs to cope with highly intermittent renewable electricity 

(costs for back-up capacity, storage, more interconnectors and demand response management). 

Projecting the electricity price in general is for these reasons subject to large uncertainties.  

Different types of consumers pay different end-user electricity prices. In the EU Energy Roadmap 

Current Policy Initiatives scenario, industry is assumed to pay a price that is 65% of the average 

electricity end-user prices. In the Diversified Supply scenario, industry is assumed to pay a price of 

                                                

47 2011 $ prices in source converted to 2010 € with inflation rate correction of 3.1% and EUR/USD exchange rate of 1.34 
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approximately 70% of the average electricity end-user prices. Others, such as households, pay more 

than these industrial end-user prices. These higher prices for others can be explained by the higher 

transaction and distribution costs per supplied kWh, but also because a larger share of e.g. levies to 

support renewable electricity is passed on to households as compared to industry. 

For the Continued Fragmentation scenario in this Roadmap, electricity prices as used in the EU 

Energy Roadmap Current Policy Initiatives scenario are assumed. For the Isolated Europe, 

Differentiated Global Action and Level Playing Field scenarios, the Diversified Supply Scenario of the 

EU energy roadmap is used as a basis. In this scenario, a mix of different electricity options is used, 

mainly driven by CO2 prices / values. The underlying modelling in the EU Energy Roadmap assumes 

that all costs entailed by power generation are recovered through electricity end-user prices.  

For the Isolated Europe and Level Playing Field scenarios, the average electricity end-user price was 

corrected for the different CO2 prices and, for the Isolated Europe scenario, a further correction was 

made for the different fossil fuel prices, but the mix of electricity technologies used has not been 

adjusted.  

To reflect the uncertainty regarding the price of electricity for industry as compared to the average, 

the following adjustments were made: In Isolated Europe, a 15% higher electricity price for industry 

is assumed as compared to the EU Energy Roadmap, reflecting the risk that ultimately industry has 

to pay a more significant share of the fixed costs related to the transition to a decarbonised electricity 

sector. The same assumption is made for the Level Playing Field scenario, assuming that industry in 

key competing regions outside Europe pays a similar electricity price. The price of electricity in these 

scenarios is ~80% of the average electricity price. For Differentiated Global Action, a 15% lower 

electricity price for industry as compared to the EU Energy Roadmap is assumed, which could be the 

situation if some measures were taken to support industry in remaining competitive in terms of 

electricity prices. 

Biomass prices 

As a proxy for biomass prices, price projections for industrial grade wood pellets and ethanol were 

made: 

 IEA (2011c) and other studies state that, technically, the supply of pellets can meet the 

demand under the right conditions (sustainability, standards, transparency) and production 

costs are relatively independent of costs of fossil fuels. The 2010 cost of pellets was based on 

real prices, with additional costs for transport and for the complexity of use of biomass in 

comparison with gas, while projections for the future were made in the context of the topic 

team Markets. 

 The dominant feedstock for ethanol over the next decade will be sugar. After that, as second 

generation technologies become viable, any woody biomass could be used, and ethanol prices 

could decouple from sugar prices. Ethanol prices in 2010 are taken from Platts (2012). 
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Forecasts for future years are taken from IEA (2012c) and OECD / FAO (2012). Ethanol 

production costs depend on fossil fuel prices, since a significant share of ethanol is currently 

made from fertiliser and fuel intensive food crops like maize in the USA. As second generation 

conversion technologies (cellulosic ethanol) become viable after 2020, prices are expected to 

decouple from fossil fuel prices. Until 2020 there is still an import duty on ethanol. 

 Many different biomass sources could be used, which means that in reality biomass prices will 

be a range rather than the one absolute number that is used. For globally traded biomass 

commodities (such as pellets and ethanol) a market price exists, but some forms of biomass 

(for example wet biomass like manure or slurry) are sold in local markets, with different 

prices depending on location, sometimes even negative prices are seen, for example for 

certain wastes. 

Box 6-2 Ethanol pricing 

Ethanol demand (currently about 70 Mtonne per year) is driven mainly by the transport sector 

(currently about 90% globally). Alcoholic beverages, solvent applications and chemical raw material 

are minor uses for ethanol (about 4% each). To avoid the need for a full and complex model of 

future ethanol market price mechanisms from supply / demand and policy driven influences (oil 

prices, legislation to encourage biomass in fuels, global sustainability and agricultural policies) 

production costs are used as a proxy for the market price of ethanol in this Roadmap. A similar 

approach was followed for pellets. Only minor consequences of this choice are expected until at least 

2030. For 2050 it must be taken into account that a real market price approach where biomass 

prices remain strongly coupled with fossil fuels prices, could lead to lower market shares of biomass 

and ethanol-based production routes. 

Geothermal heat prices 

The last energy source taken into account in this Roadmap is geothermal heat. For geothermal heat, 

specific investment costs, O&M and expected capacity factor developments are considered (IPCC, 

2011). Specific investments are based on calculations by Ecofys taking the average costs of three 

types of drilling technologies, together with an expectation for reduction in drilling costs (IEA, 2010a).  

European energy prices 

The resulting energy prices in Europe are summarised in Figure 6-4 and Figure 6-5, which show the 

energy prices including distribution costs and energy taxation, excluding and including CO2 costs 

respectively. 
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Figure 6-4  Prices of energy sources in Europe in the different scenarios excluding CO2 

costs in 2010 € 

 

 

Figure 6-5 Prices of energy sources in Europe in the different scenarios including CO2 

costs in 2010 € 
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Comparison with international energy prices 

Prices for oil and coal are assumed to be relatively equal around the world, although differences can 

exist. Gas and industry electricity costs vary more in different regions, because gas is more difficult 

to transport (it requires energy intensive and expensive liquefaction before transport and 

regasification after the transport), while the industry electricity costs depends on the technologies 

used to produce the electricity, the prices of required resources, power transport capacity and power 

generation capacity. For both, local market regulations and monopolies are important factors. 

Biomass prices differ around the world and even within Europe to varying degrees, depending on the 

type of biomass. This has not been assessed separately in this Roadmap.  

The assessment of international differences in fossil fuel and electricity prices is based on IEA 

(2012a), IEA (2012d) and Ecofys expert input. Prices for fossil fuels and electricity are lower in some 

key competing countries. The USA, due to the presence and exploration of unconventional gas, 

Canada, and the Middle East are regions with significantly lower fuel, feedstock and electricity prices. 

This was taken into account by assuming continued differences in fossil fuel and electricity prices in 

all scenarios over the projected years, except for the Level Playing Field scenario, where converging 

prices are assumed. 

 

6.5 Role of carbon, energy and feedstock prices 

The methodology used to arrive at projections of demand for chemical products, the production in 

Europe and the uptake of technologies resulting in the energy and GHG emission pathways to 2050 is 

summarised in Figure 6-6. 
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Figure 6-6 Schematic of used methodology  

An Excel-based tool was used for the scenario projections, following a step-wise approach: 

 2010 is used as base year for the analysis (using the data shown in Chapter 2) and three future 

years are assessed: 2020, 2030 and 2050. Intermediate years were not studied.  

 First, the demand for chemical products for the five subsectors was derived for the future years 

and the different scenarios.  

 Then, EU production of the five subsectors was derived for the future years and the different 

scenarios, also taking into account, where relevant, increasing shares of recycling and bio-based 

production of chemicals.  

 For the products studied individually (cracker products, ammonia, chlorine, nitric acid), demand 

and production growth is assumed to be identical to that of the subsector in which the product 

belongs. 

 Combining demand and production yields the trade ratio (net effect of import and export) for the 

future years. 
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 EU production in plants that already existed in 2010 was established by assuming that, 

depending on the subsector, 2–4% of capacity is taken out of operation each year, and the 

remaining capacity is debottlenecked with 1% relative to 2010 each year. Additionally, it has 

been assumed that in 2010, due to the financial crisis, there was 5% spare capacity.  

 These assumptions yield an estimate of the new plants required for the 2020, 2030 and 2050 

production. 

 For subsectors, a generic approach was followed for the improvement of plants operating in 

2010. No autonomous improvements in efficiency were assumed, but instead, developments have 

been assessed against a frozen efficiency reference for the base year 2010. This is close to 

industrial reality, where all improvements made depend on efforts and investments. 

 For the four products studied in detail (cracker products, ammonia, chlorine, nitric acid), the 

applicability of energy efficiency and GHG abatement measures were studied in more detail. The 

implementation rate of measures / choices between processes was determined using an Internal 

Rate of Return (IRR) criterion of 12%48, at an economic lifetime of 15 years. The IRR criterion of 

12% has been used to stay in line with the Commission’s Energy Roadmap, although the lifetime 

of 15 years is shorter. Industry typically uses higher IRR criteria; the impact on the results for 

these products is expected to be limited. 

 For the new stock required in 2020, 2030 and 2050 following demand and projections, the energy 

and GHG emissions intensity was determined. For subsectors, again a generic approach was 

followed, while specific technologies were established and compared against each other using the 

abovementioned IRR criterion for the four products studied individually. In all cases, 

improvement of the energy efficiency, after new stock was built, was taken into account with a 

generic factor equal to 90% of the assumed improvement of new stock over time.  

 The use of CCS for ammonia, cracker products and the subsectors was assessed separately. 

 The total energy and GHG pathways for the chemical industry were determined by adding the 

results for the individual subsectors and products. 

 Enabling of reductions of emission in other sectors is determined separately (Chapter 4 and 8). 

                                                

48 For the production of cracker products in plants with already existing stock, investment data was not available for several of the 

measures. No IRR criterion was used for cracker products, but the implementation of measures was established based on expert judgements 

in the context of the topic team Technology and Innovation. 
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7 Results – reducing the carbon intensity of the 

chemical industry 

7.1 Energy and emission profile for the chemical industry up to 2050 

Based on the narratives outlined in the previous chapter, projections were developed for the demand 

for the chemical products from the five subsectors studied in this Roadmap, the production of these 

chemicals in Europe and the resulting trade patterns. Combined with assumptions on the uptake of 

the various energy efficiency and GHG reduction options discussed in Chapter 5 under the conditions 

as outlined in the scenario narratives, this results in the energy and GHG emission profile of the 

European chemical industry as given in Figure 7-1 and Figure 7-2. 

 

 

Figure 7-1  Final energy use and energy efficiency improvements in the European 

chemical industry 2010–2050. Upper lines reflect energy use with projected 

production and 2010 energy intensity  
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Figure 7-2  GHG emissions and contributions of GHG emissions reduction from 2010 – 

2050. Upper lines reflect GHG emissions with projected production and 2010 

GHG emissions intensity49  

In these graphs, the upper lines represent the development of, respectively, the energy use and GHG 

emissions taking the projected production by subsector and product, but assuming 2010 levels of 

energy and GHG emissions intensity. Energy efficiency improvements result in lower actual energy 

use compared to this frozen intensity reference (the lower line in Figure 7-1) and contribute, with 

several other options, to lower GHG emissions (the lower line in Figure 7-2).  

Differences in production levels are an important factor in these graphs. Reduced European 

production leads to more import of chemical products. The level of GHG emissions reduction achieved 

in Europe would, in case of increasing imports, be achieved at the expense of increased emissions 

elsewhere. This would happen with no overall reduction in global GHG emissions or even a potential 

increase as is discussed below.  

                                                

49 In line with the scope of this project (Section 1.4), emissions relate to scope 1 (direct emissions) and scope 2 (direct emissions related to 

the production of purchased electricity and bought heat) only and thus exclude upstream emissions from fossil fuel exploration and 

production, emissions from the cultivation of biomass (e.g. those related to indirect land use changes) and emissions related to end-of life 

treatment of chemicals outside the scope of the European chemical industry.  
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Total energy use decreases slightly in the Continued Fragmentation and Differentiated Global Action 

scenarios up to 2030. The same is valid for the Isolated Europe scenario, but this scenario shows a 

sharp decline in energy use beyond 2030. Energy use is growing by 1% from 2010 to 2030 in the 

Level Playing Field scenario, caused by the increased European production in this scenario and a 

continued net export position of the European chemical industry. In all scenarios, the share of 

renewable energy sources is increasing, mostly so in the Level Playing Field scenario. 

Three options (energy efficiency improvements, a change in the fuel mix for heat generation and N2O 

emission abatement) together, which remain under the control of the chemical industry itself, have 

the potential to reduce emissions intensity in 2050 by about 55% as compared to a situation without 

further improvements in the greenhouse gas intensity beyond 2010. For 2030, this is approximately 

40%. Compared to 2010 levels, these options would reduce greenhouse gas emissions by 15% in 

2030 with stabilisation around these levels towards 2050, building on an achieved reduction of 50% 

in 2010 compared to 1990, as previously estimated in other studies. 

The Roadmap results show that less reduction in GHG emissions intensity of the European chemical 

industry would be realised in the Continued Fragmentation scenario. In this scenario reductions in 

GHG intensity would be approximately 30% in 2030 and less than 50% in 2050, compared to 2010 

(see Figure 7-2). The reduction in GHG emissions intensity is less in this scenario compared to the 

Level Playing Field scenario due to, among other reasons, a limited growth and relocation of 

production to outside Europe. Higher absolute GHG emissions reductions would be achieved by these 

options in Europe under such and other scenarios of fragmented action, up to 25% absolute GHG 

emissions reduction in 2030 compared to 2010. However, this would happen at the expense of 

relocation of production to outside of Europe, with no overall reduction in global GHG emissions or 

even a potential increase.  

The graphs show that it is possible to decouple energy use from GHG emission reduction, while it is 

not possible to decouple production growth and energy consumption in the long term. This is 

important in view of the discussion on absolute energy saving versus relative energy efficiency 

targets (see also Chapter 3). 

In this chapter, the outcomes of the scenario analyses are analysed in more detail, by focusing on the 

production patterns that are an important explanation of the energy and GHG emission development 

(Section 7.2), the role of feed switches (not shown in the graphs above, Section 7.3.1) energy 

efficiency (Section 7.3.2), the role of heat source changes (Section 7.3.3) and the role CCS and N2O 

emission abatement (Section 7.3.4). The role of the decarbonising electricity sector, which also 

significantly contributes to the GHG emission abatement in the scenarios, is an inherent consequence 

of the assumptions on the electricity sector as outlined in Chapter 6 and is not further discussed. 
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7.2 Demand, production and trade  

Methodology 

The demand for chemical products in the different scenarios was derived in several consecutive steps. 

First of all, GDP assumptions were determined. As a starting point, the annual GDP growth per 

annum was determined for the Continued Fragmentation scenario, which has the lowest level of 

ambition on climate policy. For this scenario, GDP growth from 2010 to 2050 was chosen in line with 

the EU Energy Roadmap 2050 (European Commission, 2011b) but corrected for the slow recovery in 

GDP projections for 2010–2020. Therefore, the annual GDP growth projection is 1.4% between 2010 

and 2020, 1.7% from 2020 to 2030, and 1.5% between 2030 and up to 2050.  

These annual GDP projections formed the basis for assumptions by the topic team Markets on growth 

of the seven sectors consuming chemical products50, using projections of VCI-Prognos (2012) and 

expertise of the topic team Markets. The demand for chemicals was subsequently derived from an 

input / output model, which connects the required chemical input to the projected output in the 

seven consuming sectors. For example, based on certain GDP assumptions, the industrial sectors (i.e. 

Agriculture, Construction, Mobility, Energy, Other Industries or Services) are supposed to produce a 

certain output. The input / output model specifies the chemical inputs from the five subsectors 

(Petrochemicals (incl. intermediates), Basic Inorganics, Polymers, Specialty Chemicals and Consumer 

Chemicals) that are needed to produce this output. The private households sector is also directly 

purchasing goods from the chemical industry. This is also considered in the input / output model.  

For the remaining three scenarios (Isolated Europe, Differentiated Global Action and Level Playing 

Field), adjustments have been made to the growth projections (annual GDP) for the seven consuming 

sectors as well as in the input of chemical products into these sectors as compared to the Continued 

Fragmentation scenario, to reflect some of the key characteristics of these scenarios. For example, 

the consuming sector classified as “Other Industries”, is assumed to have less growth in the Isolated 

Europe scenario because these industries will partly relocate outside Europe. Similarly, the demand 

for chemical products in the Construction sector is assumed to be higher in the three scenarios with a 

high European decarbonisation ambition to reflect more significant energy efficiency gains in this 

sector using innovative chemical products. This leads to some, albeit limited differences in demand 

for chemical products between the scenarios. Generally, demand for chemical products is highest in 

the Level Playing Field and lowest in the Isolated Europe scenario51.  

                                                

50 Agriculture, Construction, Mobility, Energy, Other industries, Services, Private consumption/Households  

51 Total demand for chemical products ranges from 700 billion Euro in 2050 in the Isolated Europe scenario and 900 billion Euro in the Level 

Playing Field scenario, as will be shown later on.  
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This roadmap does not use a comprehensive dynamic macroeconomic model. Therefore most effects 

have been modelled only as direct effects, neglecting further macro-economic feedback processes. 

For example: a lower (higher) production in a certain industry would have some negative income and 

labour market effects which would be decrease (increase) disposable income of private households’ 

consumer spending and therefore negative (positive) spill-over effects to other industries. As a result, 

the negative effects of the Isolated Europe scenario are likely to be underestimated and likewise the 

positive effects of the Level Playing Field scenario.  

In order remove the effect of product price developments and therefore energy prices, the resulting 

data on production and demand levels is based on constant 2010 € prices. 

Projected production levels from the European chemical industry to meet the demand projections 

were then analysed. For each scenario the current production capacities, the current net trade 

position and trend developments in trade that were already recognisable in the past were taken into 

consideration. Based on this information, production trends for the future were modified in the 

scenarios according to its characteristics and judgement by the experts in the topic teams and the 

key factors listed below. Demand for chemicals is one factor, but whether or not demand is met by 

production in Europe or by production outside Europe is mainly driven by the competitive position of 

the European chemical industry as compared to the rest of the world. Focusing on energy and climate, 

key drivers these are: 

 Energy and feedstock prices. Currently, energy and feedstock costs are higher in Europe 

as compared to many areas in the world. Notable examples are the existence of cheap 

associated gas as feedstock for the chemical industry in the Middle East and the recent shale 

gas boom in the USA, resulting in fuel and feedstock prices that are well below those in 

Europe.  

 Differences in policy costs. The difference in GHG and other energy policies between the 

EU and non-EU results in differences in policy costs. These costs can be the direct costs of 

e.g. a CO2 price signal (coming directly to industry for the fuels used or indirectly as part of 

the electricity) or can be more indirect costs related to e.g. the pass through of subsidies for 

renewable electricity to consumers.  

 Existence of integrated value chains. The subsectors of the chemical industry are heavily 

integrated. Products of the petrochemical industry are used for the production of polymers, 

specialties and consumer chemicals. In many cases, these products are produced at 

integrated sites resulting in efficiency and supply chain advantages, as was stressed in 

several of the regional workshops (Section 1.4). Relocation of the basic chemical industry 

(Petrochemicals, Basic Inorganics) therefore likely causes the relocation of more downstream 

activities.  

Table 7-1 summarises the key scenarios assumptions for these three drivers and the key direction of 

these drivers (positive or negative) over time.  
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Table 7-1 Scenario assumptions on key competitiveness differences 

Scenario 

Energy price 

differences EU versus 

rest of the world 

CO2 cost differences 

EU versus rest of the 

world  

Impact on integrated 

value chain  

Continued 

Fragmentation 

and 

Differentiated 

Global action 

- 

Price differences existing in 

2010 with the rest of the 

world remain 

- 

CO2 price signal between 

Europe and rest of the 

world increasing over time 

to ~30 € / t CO2 in 2050 

- 

Negative impact on 

production for basic 

chemical industries also 

affects Specialty Chemicals 

and Consumer Chemicals 

Isolated Europe 

- 

Price differences existing in 

2010 with the rest of the 

world remain 

-- 

CO2 price signal between 

Europe and rest of the 

world increasing over time 

to over 200 € / t CO2 in 

2050 

-- 

Negative impact on 

production for basic 

chemical industries also 

affects Specialty Chemicals 

and Consumer Chemicals 

Level Playing 

Field 

+ 

Energy and feedstock prices 

and industry electricity 

costs converge over time 

+ 

A similar CO2 price signal 

across the world  

+ 

Full integrated value chain 

remains in Europe  

 

  

The extent to which the negative differences as compared to the rest of the world result in relocation 

of production from Europe to other regions of the world, depends on many factors. A distinction can 

be made between production leakage (in the short term, production in Europe is more expensive 

compared to elsewhere) and investment leakage (the expected overall return on investment in 

Europe is lower as compared to other parts of the world). In the last decade, production and 

investment leakage resulting from unilateral carbon pricing (i.e. carbon leakage) has been studied in 

quite some detail (e.g. Burniaux et al, 2008; Dröge, 2009; Manders and Veenendaal, 2008; Grubb et 

al., 2009; Summerton, 2010; Böringer et al., 2010; OECD, 2012; Carbon Trust, 2010; Varma et al., 

2012). Most empirical studies focus on production leakage only driven by CO2 price, which induce 

differences in production costs often combined with or without certain demand elasticities (i.e. the 

preference of consumers for domestic products) and arrive at typical production leakage rates of 2–5% 

for the timeframe up to 2030 for the European chemical industry (European Commission, 2011a; 

Hübler and Löschel, 2012).  
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Analyses done in this Roadmap show that for bulk basic chemicals such as those studied individually 

in this Roadmap (cracker products, ammonia), CO2 prices of 10–100 € / t CO2 (or differences in CO2 

costs in this order of magnitude versus other regions) would cover the additional transportation costs 

required from production abroad, assuming the same average efficiency of plants in Europe and 

outside Europe. These prices are reasonable estimates for the CO2 price that would trigger 

investments in new production capacity taking place mainly outside Europe52. These trigger price 

differences are by far exceeded in the Isolated Europe scenario, but also the Continued 

Fragmentation and Differentiated Global Action scenarios arrive at cost differentials with the rest of 

the world in 2030 that are close or beyond these trigger prices. On the other hand, the negative 

impact of CO2 prices is limited by the desire for security of supply, growing transport costs and the 

political stability and predictability in the EU in comparison with many other regions.  

The negative outlook for the basic chemical industries (Petrochemicals, Basic Inorganics, bulk 

polymers) in some of the scenarios is further strengthened by existing differences in energy and 

feedstock prices with certain regions of the world.  

For the more downstream chemical sectors the energy and feedstock costs are a smaller part of the 

sales price. However, due to the highly integrated value chain of the European chemical industry, the 

negative outlook for the basic chemical industries will also have a negative impact on the 

downstream chemical sectors. This negative impact on the European chemical industry is partly offset 

through innovation from innovation clusters present in the EU, made possible by highly integrated 

production sites, established infrastructure, technological advanced plants and a skilled workforce. 

Demand and production projections were made for the five subsectors as a whole. No separate 

projections were derived for the individual products groups studied in more detail in this Roadmap. 

Demand and production growth for cracker products are thus in the calculations assumed to be 

identical to that of the subsector Petrochemicals, and the demand and production growth for 

ammonia, chlorine and nitric acid are in the calculations assumed to be identical to that of the Basic 

Inorganics subsector. This is a simplification, because in reality, individual products within a 

subsector will see different growth patterns depending for example on how they are integrated with 

their upstream and downstream value chain and on how easily they are traded. This is, in particular, 

true for the Basic Inorganics subsector that consists of quite a variety of different product groups. 

In addition to calculating the resulting trade ratio for the various scenarios, also the effect of this 

trade on emission indirectly imported or exported from Europe was calculated by multiplying, per 

subsector, the net import or export with the European emissions intensity as shown in Figure 7-2, 

expressing it as a percentage of the actual emissions from the European chemical industry itself.  

                                                

52 The use of transportation costs based estimates to project production leakage is more difficult, because the form of the demand and 

supply curve, the relative efficiency position of the various plants and the situation regarding global capacity all play a significant role here. 

However, for judging the profitability of investments, a CO2 price level that overcomes the additional transportation costs, all else being 

equal, can be considered as a very relevant parameter to project investment carbon leakage.  
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Resulting pattern 

In Figure 7-3 to Figure 7-853, the resulting projections for demand and production of the five 

subsectors and the European chemical industry studied in this Roadmap are given as well as the 

compound annual growth rates (CAGR). The projections are based on value in constant 2010 €. The 

difference between production and demand provides insight into the development of the net trade in 

chemical products in each of the scenarios.  

 

Figure 7-3  Demand and production patterns for the four scenarios, Petrochemicals 

                                                

53 The total sales for the European Chemical Industry do not fully match with the sum of subsector sales. This is because the increased share 

of bio-based production results in lower sales between the Petrochemicals and other subsectors, because implicitly, the full bio-based 

production chain is assumed to take place in the subsectors where the final product is produced. In the sales figures for the total European 

chemical industry, these sales have been added in order not to distort the overall energy and emissions intensity development resulting from 

this changing subsector structure.  
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Figure 7-4 Demand and production patterns for the four scenarios, Basic Inorganics 

 

Figure 7-5 Demand and production patterns for the four scenarios, Polymers 
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Figure 7-6 Demand and production patterns for the four scenarios, Specialty Chemicals 

 

Figure 7-7 Demand and production patterns for the four scenarios, Consumer Chemicals 
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Figure 7-8 Demand and production patterns for the four scenarios, European chemical 

industry 

The impact on the net trade ratio is significant. It is negative for the Isolated Europe scenario and 

neutral to positive for the Level Playing Field scenario. The other two scenarios are in between; they 

show comparable performance. An overview of the impact is given in Figure 7-9. Whereas the trade 

surplus in 2010 was € 42 billion, the scenario shows a range between an increase of the surplus to € 

120 billion and a deficit of € 130 billion in 2050 in constant prices. 

Figure 7-10 gives the trade ratio, where for each product and subsector, the net trade has been 

multiplied with the emissions intensity of the European chemical industry as shown in Figure 7-2. This 

ratio differs from that for the European chemical industry in Figure 7-9, because the trade is weighted 

by the emissions intensity per subsector. For 2010, this results in net exported emissions of less than 

5% as compared to an overall export ratio of about 10% due to dominance of the less emissions 

intensive subsectors in the net export position. The figure clearly shows the negative trend with 

respect to imported emissions in all scenarios with a competitive disadvantage for Europe as 

compared to the rest of the world. This clearly shows that the absolute reduction of emissions in 

Europe (which is for the 2030 timeframe higher for the Continued Fragmentation, Isolated Europe 
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Figure 7-2) is achieved at the expense of increased emissions elsewhere. Globally, this would happen 

with no overall reduction in global GHG emissions or even a potential increase. This is because for the 
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basis for calculating the emission effect of trade is a conservative one. In practice, the emissions 
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intensity in the regions from which chemical products are imported, is likely to be higher as no 

climate action is assumed in this scenario for the rest of the world. 

 

 

Figure 7-9 Net trade ratios for the five subsectors and the European chemical industry 

as a whole 

 

Figure 7-10 Net emission trade ratio for the European chemical industry in the four 

scenarios 

Basic
Inorganics

Petro-
chemicals

Polymers Specialty
Chemicals

Consumer
Chemicals

European
chemical
industry

-60%

-40%

-20%

0%

20%

40%

60%

N
e
t 
T
ra

d
e
 r

a
ti
o

2010

2020

2030

2050

Continued
Fragmentation

Isolated Europe

Differentiated
Global Action

Level Playing Field

Source: Ecofys

-25%

-20%

-15%

-10%

-5%

0%

5%

2010 2020 2030 2050

Continued
fragmentation

Isolated Europe

Differentiated
global action

Level playing field

Source: Ecofys

N
e
t 
e
m

is
s
io

n
 r

a
ti
o
 



 

107 

That the total emissions from total consumption (including imports) can give a different picture on 

the development of emissions over time, compared to an analysis of domestic emissions only, is 

confirmed by studies such as Policy Exchange (2010) and CBS (2012). Both studies show, for the UK 

and the Netherlands respectively, an increase in consumption related emissions in the past decades 

in contrast to a decline in the domestic emissions, illustrating the importance of focusing on 

approaches to sustainable consumption rather than on production only. 

Discussion 

The competitiveness of the European chemical industry is damaged under all scenarios where it 

continues to have higher energy and policy costs in comparison to other regions. In the Continued 

Fragmentation and Differentiated Global Action scenarios, energy price differences with the rest of 

the world remain, and CO2 cost differences increase over time. The direct CO2 costs in the Continued 

Fragmentation scenario can already be estimated as € 1.7 billion per year of direct CO2 costs alone in 

2030 and € 3.1 billion in 2050, even excluding CO2 and other policy costs passed on via the electricity 

bill54. As a result, the sectors with highest energy and CO2 costs per unit of sales (Petrochemicals, 

Basic Inorganics, bulk polymers) show limited growth, especially in the 2030–2050 timeframe when 

decreasing investments in new capacity in these sectors become apparent. In the Isolated Europe 

scenario, CO2 costs differences increase steeply over time, especially for the 2030–2050 timeframe. 

As a result, this leads to an overall negative growth of the European chemical industry in the period 

beyond 2030. The negative outlook for the basic chemical industry in each of these scenarios also 

negatively influences the outlook for the more downstream subsectors of the chemical industry, 

because these industries benefit less from the positive impact of a fully integrated value chain in 

Europe. As a result, the trade balance also worsens for these subsectors. Nonetheless, most 

downstream subsectors continue to grow in terms of production value in all scenarios, due to 

innovation and the close proximity to clients in the EU.  

It should be stressed that the subsector developments as shown are also applied to the products 

individually studied in this Roadmap (i.e. ammonia, cracker products, chlorine, and nitric acid). This 

simplification, combined with assumptions on typical stock turnover rates (assuming a typical lifetime 

of 50 years for production plants for basic chemicals with some debottlenecking over time), implies 

that in the calculations in this Roadmap, for each of the scenarios, investments in new installations 

take place for ammonia and cracker products. This is despite the competitive disadvantages assumed 

in the Continued Fragmentation, Isolated Europe and Differentiated Global Action scenarios. In 

practice, it is expected that in the three scenarios with competitive disadvantages, part of the 

existing ammonia and cracker capacity will close and no new installations will be built to replace it. In 

the absence of any investments in new installations, production would gradually decline towards 

                                                

54 This estimate was obtained by multiplying the direct emissions for the Continued Fragmentation scenario as show in Figure 7-2 by the 

assumed differences in CO2 costs for this scenario in Figure 6-2.  
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205055 and will be replaced by additional imports into Europe. As such, the production projections 

used in the Isolated Europe scenario for the chemical industry can by no means be regarded as a 

“worst of the worst” type of scenario, and also production in the Differentiated Global Action and 

Continued Fragmentation scenarios for the chemical industry could well be less, compared to the 

projections used in this Roadmap. 

In the Level Playing Field scenario, converging energy and feedstock prices are assumed as well as 

an equal CO2 price signal across the world. Under such a scenario, driven by increasing demand for 

chemical products, a fully integrated chemical value chain will remain within Europe and the 

European chemical industry continues to grow. Efficient highly integrated production sites and 

innovation further strengthen the competitive position of the European chemical industry in this 

scenario. 

Zooming in on the five subsectors, the following pattern can be observed. For the subsector 

Petrochemicals the cost differential in energy, feedstock and CO2 puts pressure on the 

competitiveness of this subsector in Europe. As a result, from 2020 onwards this subsector sees 

negative growth rates for the Isolated Europe scenario and the sector is also under pressure under 

the moderate CO2 price differentials assumed in the Differentiated Global Action and Continued 

Fragmentation scenarios. The declining production in the consuming sectors in the isolated Europe 

scenario also has a negative impact on the demand for Petrochemicals. 

In each of the scenarios, the production of Basic Inorganics grows largely in line with demand. Some 

of the Basic Inorganic products (e.g. chlorine, industrial gases) are difficult to transport and as a 

result, large net trade flows do not occur even though energy and CO2 costs as a share of sales value 

are high. This is, however, not true for all products in this sector. Ammonia can, for example, be 

traded. A large share of the production of the Basic Inorganic industry is consumed by the chemical 

industry itself and the demand for Basic Inorganics is thus negatively influenced by the lower or even 

negative growth of these consuming industries in the isolated Europe scenario. 

The Specialty Chemicals and Consumer Chemicals subsectors are less exposed to competitive 

disadvantages resulting from energy and CO2 cost differences, because these costs per unit of sales 

are much lower. These sectors can benefit from a fully integrated value chain of chemical production 

in Europe and are thus negatively influenced by the negative outlook for the basic chemical industries. 

As a result, the very positive trade balance for these subsectors reduces to a more or less balanced 

trade situation in 2050 for the Isolated Europe scenario. In the Level Playing Field scenario these 

subsectors form the drivers of the relatively strong growth in the European chemical industry 

compared to the other scenarios. 

                                                

55 The fact that it is difficult to attract investments in production capacity for olefins and ammonia becomes apparent when looking at 

investments in recent years. The last significant investments in new ammonia and cracker products production were before 2000. 
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In the Polymers subsector the bulk polymers grow in line with the Petrochemical subsectors, while 

the engineered polymers develop more in line with the Specialty Chemicals subsectors.  

 

7.3 The role of energy-efficient and low carbon technologies  

7.3.1 Feedstock 

Bio-based chemicals 

Future shares of bio-based feedstock are based on an analysis of the ratio between fossil prices and 

biomass prices and on a high-level analysis of development of key drivers, like innovation and the 

need for new production capacity. Methodologically, all additional bio-based production has been 

taken into account as new installations. For the Isolated Europe scenario, this limits the increase in 

the share of bio-based feedstock56. 

As discussed in Section 5.2.1, a large share of currently produced chemicals can in principle be made 

from bio-based feedstock. From an economic and energy point of view, the bio-based route is 

currently only for a limited share of the chemicals produced the preferred choice. All scenarios show a 

clear trend towards an increasing use of bio-based feedstock, chiefly in the Specialty Chemicals and 

Consumer Chemicals subsectors. Driving forces for this increase are the further development of bio-

based routes and, for the Continued Fragmentation and Isolated Europe scenarios, the increase in oil 

price relative to the biomass price. For the Differentiated Action and Level Playing Field scenarios, 

development and use of bio-based routes is expected to be quicker, to which the CO2 price signal to 

all use of fossil fuels contributes. In the Isolated Europe scenario, development and use of bio-based 

routes is lower, due to the less innovative climate. In this Roadmap, regional potentials within Europe 

have not been further studied (Box 7-1). 

 

                                                

56 In reality, bio-based processes are also developed that can replace fossil-feed based processes in existing equipment. This would – for the 

Isolated Europe – lead to a higher use of bio-based feed, and could – for all scenarios – have an impact on the energy consumption and the 

fuel mix. 
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Box 7-1 Potential for bio-feedstock is region specific 

The regional workshops (Section 1.4) made clear that the use of biomass as feedstock gets 

significant attention in several EU Member States. Representatives from Germany, and France 

indicated that already substantial amounts (~10%) of biomass are used as feedstock and France 

reported a voluntary target of 15% biomass feedstock towards 2020. In Northern Europe, significant 

R&D efforts are ongoing regarding the use of forestry residues and other forestry products as 

feedstock for the chemical industry. Northern Europe could play an important role in the further 

development of a bio-based chemical industry. These examples show that there are significant 

regional differences regarding the potential and applicability of biomass as feedstock. 

 

Future shares of bio-based feedstock for the products studied in detail showed that: 

 Bio-based production of ammonia is very limited, due to high associated investment costs; 

 Bio-based production of cracker products becomes an interesting option in the 

decarbonisation scenarios between 2030 and 2050. (Imported) bio-ethanol57, or 

lignocellulosic-based ethanol could be sources for this route and are assumed to gain markets 

share between 2030 and 2050 in the Level Playing Field and Differentiated Global Action 

scenarios. 

The resulting use of bio-based feedstock58 is given in Figure 7-1159. 

 

                                                

57 Reference is made to Section 6.4 for more information on the pricing of ethanol. 

58 Bio-based feedstock is defined as the amount of biomass equal the caloric value of the product by analogy with how feedstock use in 

ammonia and cracker products production is defined 

59 Due to uncertainty in the current share of bio-feedstock and the allocation of this feedstock use to individual subsectors, the biomass 

feedstock uses should be regarded as estimates only. 
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Figure 7-11  Feedstock use in the four scenarios. Differences in total feedstock use result 

from differences in total production 

Figure 7-11 shows absolute feed use. Therefore, differences in production levels are an important 

factor in these graphs. Reduced European production leads to more import of chemicals / other goods. 

The level of GHG emissions reduction achieved in Europe would, in case of increasing imports, be 

achieved at the expense of increased emissions elsewhere. This would happen with no overall 

reduction in global GHG emissions or even a potential increase as explained above. In Box 7-2, the 

total biomass feedstock and fuel use (discussed in Section 7.3.3) is put into the perspective of overall 

biomass availability. 
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Box 7-2 Is there sufficient biomass for the production of bio-based chemicals? 

The Level Playing Field scenario in 2050 requires mostly the biomass feedstock and fuel use, 

2,273 PJ (=2.3 EJ). This number reflects the amount of biomass ending up in a product, and 

biomass use for energy purposes60.  

The total global biomass available for energy is huge, the highest estimates exceeding 1000 EJ per 

year (Smeets, 2008). However, when constraints related to biodiversity protection, water limitation, 

and soil degradation are taken into account, an IPCC (2011) assessment estimates that a global 

technical potential of 500 EJ is available in 2050, including all kinds of residues, surplus forestry, 

surplus on good land, production on marginal and degraded land, taking into account plant 

productivity improvement. In most global low carbon scenarios the utilisation of bio-energy is in the 

range of 75–200 EJ (The Ecofys Energy Scenario in Ecofys-WWF (2011); IPCC, 2007; Vuuren, 2007; 

Greenpeace, 2010; Shell, 2013). 

In the EU, the availability of sustainable biomass is much more limited. Two key materials to produce 

bio-based materials which are available in Europe are straw and forestry products. These two 

together form a large part of the EU potential of biomass suitable for production of bio-based 

chemicals. 

Forestry products today provide 2800 PJ of primary energy per year in EU (ECF, 2010); by increasing 

the capture of forest residue an additional 600 PJ of forestry products could become available in 2020 

(ECF, 2010). 

Monforti et al. (2013) gives a range between 800 PJ and 2,100 PJ for the potential of straw in the EU 

from different literature sources. Sustainability criteria were not applied to all sources. The potential 

of straw that can sustainably be made available is still subject to further research. 

Compared to estimates of global utilisation of bioenergy of 750–200 EJ per year, 2.3 EJ for bio-based 

chemicals and bio energy seems feasible. Within Europe, there would be sufficient feedstock available 

from either woody biomass or straw if the upper ends of the potential supply estimates are achieved. 

However, the availability of feedstock will depend on demand from competing uses of biomass, 

notably for energy, and on further research to ensure sustainable levels of feedstock harvesting. 

 

                                                

60 Feedstock use defined on the basis of the calorific value of the products in line with cracker products and ammonia production. Biomass 

not ending up in the product also results in a higher number. This would require an assumption on an average yield from biomass to 

chemical products. 
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Valorisation of plastic waste: Recycling 

Recycled polymers can contribute to the feedstock requirement of the chemical industry via three 

main routes: mechanical recycling, back-to-monomer, and back-to-feedstock (see Chapter 5).  

Mechanical recycled plastics can substitute primary polymers to a limited extent, constrained by the 

quality of the recycled material and the high quality demands for most polymers. Nevertheless, the 

use of mechanically recycled plastics increases in all scenarios, due to technological developments 

and the increase in the combined price of oil and CO2 pricing on feedstock in the decarbonisation 

scenarios from 2030 onwards. The highest share of additional mechanical recycling is foreseen in the 

Differentiated Global Action scenario, where, compared to 2010, an additional 7% of Polymer demand 

is filled in by mechanically recycled polymers in 2050. This is taken into account by reducing EU 

production of Polymers by, in this case, 7%. In all other scenarios and years, substitution is less.  

Back-to-monomer techniques will only become relevant for some high-value low-volume specialty 

products. The effect on the energy demand of the chemical industry up to 2050 is expected to be 

limited and is not further taken into account. 

Remaining plastic waste can either be used in “back to feedstock” routes (to produce for example 

olefins) or be used to recover energy. The attractiveness of the “back-to-feedstock” routes depends 

partly on the dynamics of the future waste markets. Under the assumptions made in this Roadmap, 

only a limited role for this route is assumed for the production of cracker products. But, there might 

be upward potential, depending on how this option develops in comparison with other waste 

conversion technology such as energy recovery. Continued landfilling is not assumed.  

CCU 

The reduction of use of fossil or bio-feedstock by new processes using CO2 as feedstock has not been 

quantitatively included in the tool, as developments are still in their infancy. R&D efforts are ongoing, 

finding new ways to use CO2 as feedstock, and commercialise these. A scoping study on the 

utilisation of CO2 as a renewable resource was initiated jointly by Cefic and EuCheMS in 2012. Many 

activities related to CO2 utilisation as feedstock have already been initiated at national, regional and 

company level in and outside Europe. The objective of the joint Cefic-EuCheMS initiative is to create 

by the end of 2013 a European research and innovation roadmap that would address the utilisation of 

CO2 for the production of basic chemicals, fine chemicals, Polymers, fuels and power to gas 

considering different pathways including the photochemical conversion of CO2 to biomass (see also 

Box 5-3). 

Any effect of these research efforts would enlarge the reduction of the fossil share of feedstock shown 

in Figure 7-11, potentially at the expense of an increase in the energy use. 
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7.3.2 Improve energy efficiency of process 

Subsectors 

The development of energy efficiency is impacted by several factors: 

 The scenario dependent development of the efficiency of stock already operating in 2010. 

 Scenario dependent improvement rate of the energy efficiency of new plants. 

 The development of European production. A higher growth results in more significant energy 

efficiency improvements, due to the higher share of new stock that is typically more efficient. 

 The replacement of existing stock by new stock that is typically more efficient (see 

Section 6.5 for more details).  

 The implementation level of CCS (due to the associated energy consumption). 

For the five subsectors, the development of energy efficiency has been determined using the generic 

approach as outlined in Section 5.3.2. The efficiency potentials shown in Figure 5-5 to Figure 5-8 are 

multiplied by 80% for the Continued Fragmentation scenario, 90% for the Isolated Europe scenario, 

120% for the Differentiated Action scenario, and 110% for the Level Playing Field scenario based on 

the energy and CO2 price projections and the assumed speed of innovation as outlined in Chapter 6. 

Similar scenario dependence was assumed for the energy intensity of new plants in these subsectors, 

and for the new plants for the products studied individually. The relatively low rate for the Isolated 

Europe scenario, as compared to the Level Playing Field and Differentiated Global Action scenario 

(with similar energy price and CO2 prices), reflects that only if industry has the confidence to invest in 

Europe will large energy efficiency improvements be made. The resulting energy efficiency 

improvements for all four scenarios for the five subsectors, as well as those for the products studied 

in more individual detail, are given Annex 3.  

When interpreting the results, it should be taken into account that: 

 The generic improvement factors are not based on individual products assessments and treat all 

different products in a subsector as equal, whereas in reality a subsector covers many different 

products. 

 The generic improvement factors for subsectors “Other Petrochemicals” and “Other Basic 

Inorganics” do not include the products assessed separately (cracker products, ammonia, 

chlorine, nitric acid), as this would lead to double counting. 

 The underlying information is stronger for subsectors “Other Petrochemicals”, “Other Basic 

Inorganics” and “Polymers” than for the subsectors “Consumer Chemicals” and “Specialty 

Chemicals”, which are even more diverse and which have not been the primary focus of this 

Roadmap. 

 All new stock built in a given period is assumed to have the energy efficiency of new stock at the 

end of that period (so for example all new stock built between 2020 and 2030 is assumed to have 

the characteristics of new stock in 2030). This leads to an underestimation of energy use for 

these installations. 
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 The energy efficiency potentials for the subsectors are by no means intended as representing 

autonomous developments and—especially for the subsectors Specialty Chemicals and Consumer 

Chemicals—require significant innovation and deployment of the resulting new technologies. The 

potentials identified cannot be used to derive annual improvement rates. Improvement can well 

be much lower in some of the years, until the introduction of a game changer causes a big step 

again. 

 For subsectors Specialty Chemicals and Consumer Chemicals, the contribution of the effect from 

process intensification and other process improvements dominate the technical improvement 

potential. While according to the European Roadmap for process intensification (Creative Energy, 

2007) and SPIRE (2012) Process Intensification offers most potential for complex and multi-step 

reactions, the extrapolation of this number to both subsectors is approximate. Furthermore, it is 

likely that some of this potential lies in an improvement of selectivity and would, therefore, only 

partly lead to a reduction of energy use in the respective sectors, and partly to a decrease in use 

of raw materials from Petrochemicals and Basic Inorganics; in this Roadmap, this split has not 

been taken into account, and all effects have been attributed to energy efficiency improvements 

in the two subsectors. 

Figure 7-12 summarises the development of the energy intensity for the average stock (in energy 

use per € million sales). Energy efficiency improves in all scenarios, quickest in the Differentiated 

Global Action scenario. For Other Petrochemicals, Other Basic Inorganics and Polymers, it improves 

least in the Isolated Europe scenario (due to the lowest share of new stock in combination with the 

assumed improvement rate for existing plants). Stock turnover is assumed to be quicker for Specialty 

Chemicals and Consumer Chemicals, with the consequence that all plants in 2050 are assumed to be 

new plants. Therefore, the lowest energy efficiency improvement would take place in the Continued 

Fragmentation scenario, due to the lowest innovation rate and the lower incentives resulting from 

energy and CO2 prices.  



 

116 

 

 

Figure 7-12 Range of energy (fuel and electricity) intensity for the production of generic 

subsectors for the scenarios studied, 2010–205061  

Ammonia 

For ammonia, the energy efficiency of stock operating in 2010 can on average in all scenarios be 

improved cost effectively by approximately 20%, by large and moderate improvements of the 

reformer section, synthesis and CO2 removal, and by improved process control, process integration 

and motors. For all scenarios, it is assumed that these measures are, so far as possible applied in 

2030. The other measures described in Chapter 5 are not cost effective as confirmed in the topic 

team Technology and Innovation and by a technology provider.  

The energy efficiency of new plants (baseline based on Steam Methane Reforming62) is expected to 

improve significantly in the period up to 2050. Under the conditions assumed in this Roadmap, steam 

                                                

61 The impact of bio-based feed is not included in this figure. The use of bio-based feed leads to a shift in energy use between the 

subsectors, which would make the interpretation of the graphs difficult. 
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methane reforming remains the dominant technology to produce ammonia in all scenarios, in some of 

the scenarios combined with CCS (Section 7.3.4). 

Figure 7-13 represents the scenario-extremes for the development of the energy intensity of 

ammonia of existing plus new stock. For ammonia, the energy intensity develops best in the Level 

Playing Field scenario, as in this scenario the share of new stock is highest. The energy intensity 

improvement in the Isolated Europe scenario is lowest, as the share of new and thus improved plants 

is lowest, due to the limited investments in(more energy efficient)ammonia plants in that scenario. 

Production projections were made for the subsector Basic Inorganics as a whole, not specifically for 

ammonia. Production projections for ammonia are thus assumed to be identical to those of the 

subsector Basic Inorganics. In practice, see also Section 7.2, it is expected that in the Continued 

Fragmentation, Isolated Europe, and Differentiated Global Action scenarios, part of the existing 

ammonia capacity will close and that no new installations will be built to replace it. In the absence of 

any investments in new installations, production would gradually decline towards 2050. This would 

lead to a development of the energy intensity as described in Section 5.6 for stock operating in 2010, 

which is also shown in Figure 7-13, hence to a much lower decrease in energy intensity.  

  

  

Figure 7-13 Range of energy (fuel and electricity, excluding feedstock) intensity for the 

production of ammonia for the scenarios studied, 2010–2050 and range of 

energy intensity for stock operating in 2010  

                                                                                                                                                      

62 Development of this technology is assumed to be scenario specific, by multiplying the reduction in energy use relative to 2020 (as listed in 

Section 5.6) with 80%, 90%, 120% and 110% for Continued Fragmentation, Isolated Europe, Differentiated Global Action and Level Playing 

Field respectively. 
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Cracker products 

The improvement rate for stock operating in 2010 will be the result of a mix of measures as 

described in Chapter 5. The feasibility of applying different measures is to a large extent determined 

by the steam balance of the cracker and its vicinity. Deviating from the approach for the other 

individually assessed products, the measures were not individually assessed on the basis of 

investment decisions for each measure. This is due to data availability issues and because often 

measures would lead to the same effect with the risk of double counting. Therefore, using the 

knowledge available on the measures and taking the risk of double counting and the shape of the 

benchmark curve into account, the total effect of the measures in the different scenarios was 

established for each scenario and period. This was agreed on with the topic team Technology and 

Innovation. The description on this subject in Chapter 5 gives a good flavour of the measures that are 

expected to deliver the efficiency improvement. 

In the Continued Fragmentation scenario, the energy efficiency of stock operating in 2010 is expected 

to improve by 14% (2030) and by 23% (2050) compared to 2010. In the Differentiated Global Action 

scenario, these numbers are 21% (2030) and 34% (2050). Improvement rates for the other 

scenarios are in between, in line with the scenario dependence used for the subsectors as explained 

above. Key factors include fossil fuel prices, CO2 costs and innovation rates.  

 It is important to note that: 

 The potential of the measures is based on literature input, reviewed in the topic team 

Technology and Innovation.  

 Some of the measures have already been taken in some of the crackers (partly) explaining 

the differences as shown in the benchmark curve (Ecofys et al., 2009). However, not all 

measures can be applied to each of the crackers. 

 Some of the measures with significant effect still require significant innovation and to reach 

“proven technology” status before they can be implemented; for part of these, the economic 

attractiveness as a retrofit option has not been investigated in detail. 

 Furthermore, once again, the steam balance of the cracker and its vicinity is a key factor in 

the feasibility of many measures. The given numbers cannot, therefore, be applied to all 

crackers. 

New stock: 

The baseline technology for new cracker products stock is an improved traditional cracker (or 

catalytic cracking, refer to Section 5.6.2). This technology is assumed to develop further in time63, 

                                                

63 Development of this technology is assumed to be scenario specific, by multiplying the reduction in energy use relative to 2020 (as listed in 

Section 5.6) by 80%, 90%, 120% and 110% for Continued Fragmentation, Isolated Europe, Differentiated Global Action and Level Playing 

Field respectively. 
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and is expected to be combined with CCS to a significant extent after 2030 in the Isolated Europe, 

Differentiated Global Action and Level Playing Field scenarios. As stated in Section 7.3.1, (imported) 

bio-ethanol64, or lignocellulosic-based ethanol could be sources for this route and are assumed to 

gain markets share between 2030 and 2050 in the Level Playing Field and Differentiated Global 

Action scenarios. The back to feedstock recycling option is implemented very limitedly after 203065 

(refer to Section 7.3.1). 

Natural gas to methanol, followed by methanol to olefins, is not economic at the gas prices in the 

scenarios due to the relatively high amount of gas needed.  

Figure 7-14 gives the range of the development of the energy intensity of cracker products for the 

scenarios. The energy intensity develops best in the Level Playing Field scenario, due to the highest 

share of new stock, and due to the implementation of the ethanol-to-ethylene route, which has a 

relatively low energy demand66. The energy intensity improvement in the Isolated Europe scenario is 

lowest, as the share of new and thus improved plants is lowest. When interpreting this graph, it 

should be taken into account that the endothermicity for the naphtha based route is 5 GJ per tonne 

cracker products, which means the energy efficiency improvements for production of cracker 

products is significant. 

Production projections were made for the subsector Petrochemicals as a whole, not specifically for 

cracker products. Production projections for cracker products are thus assumed to be identical to 

those of the subsector Petrochemicals. In practice, see also Section 7.2, it is expected that in the 

Continued Fragmentation, Isolated Europe, and Differentiated Global Action scenarios, part of the 

existing cracker capacity will close and that no new installations will be built to replace it. In the 

absence of any investments in new installations, production would gradually decline towards 2050. 

This would lead to a development of the energy intensity as described in Section 5.6 for stock 

operating in 2010, which is also shown in Figure 7-14, hence to a much lower decrease in energy 

intensity.  

                                                

64 Reference is made to Section 6.4 for more information on the pricing of ethanol. 

65 Only in the Differentiated Global Action scenario and only a couple of percent of newly built stock in that period. 

66 Energy use would have been higher if also the production of ethanol from biomass had been included. This energy use now still takes 

place, but is assumed to take place outside the European Chemical Industry. This only affects the lower line of the graph in 2050. 
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Figure 7-14 Range of energy (fuel and electricity) intensity for the production of cracker 

products for the scenarios studied, 2010–2050 and range of energy intensity 

for stock operating in 2010  

Chlorine 

Chlorine plants operating in 2010 based on mercury cell technology will be converted to membrane 

based technology. This reduces electricity consumption significantly, but at the expense of steam 

consumption to concentrate caustic soda to market specification. 

The biggest impact on the energy use of chlorine plants is however the retrofit to oxygen-depolarised 

cathodes (ODC) technology. Its economics depend, among other things, on the need to replace the 

coproduced hydrogen and on the future improvement of ODC technology. 

Ten per cent of membrane plants have monopolar cells; the others are based on bipolar cells, which 

is somewhat more energy efficient. Upgrading the monopolar cells to bipolar cells will become more 

profitable with increasing industrial electricity prices; however, on-going developments for monopolar 

cells could achieve the same effect for the smaller plants. 

There is no compelling reason for diaphragm operators operating in 2010 to switch to membrane cells. 

Power consumption differences are minimal (input provided by the topic team Technology and 

Innovation). 
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The membrane process is, in close cooperation with the topic team Technology and Innovation, taken 

as the baseline technology for the future67, with limited improvements of the energy efficiency. If 

future market specifications allowed lower concentrated caustic soda, diaphragm based chlorine 

production could be an option as well with comparable energy consumption. This is not taken into 

account further (European Commission, 2011c). ODC could again become an interesting variant for 

the membrane cell based baseline, depending on its future development and the need to replace 

coproduced hydrogen. In this Roadmap, an optimistic assumption on the implementation of ODC has 

been taken. Should ODC not be implemented, the increase in energy use as shown in Figure 7-15 is 

limited. 

Figure 7-15 represents the scenario-extremes for the development of the energy intensity of chlorine. 

The energy intensity develops best in the Level Playing Field scenario, due to the largest share of new, 

thus improved plants, while the opposite occurs for the Isolated Europe scenario. 

  

Figure 7-15 Range of energy (fuel and electricity) intensity for the production of chlorine 

for the scenarios studied, 2010–2050 

7.3.3 Heat source changes, renewables and CHP 

For cracker products, ammonia and chlorine production, the heat sources of current and future 

technologies is defined by the technologies applied. For the subsectors studied in general, the heat 

sources for the 2010, 2020, 2030 and 2050 time slots given in Figure 7-16 are applied to all 

subsectors. The numerical values included in this Figure are given in Annex 3.  

                                                

67 Development of this technology is assumed to be scenario specific, by multiplying the reduction in energy use relative to 2020 (as listed in 

Section 5.6) by 80%, 90%, 120% and 110% for Continued Fragmentation, Isolated Europe, Differentiated Global Action and Level Playing 

Field respectively. 
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Figure 7-16 Heat sources assumed for the four scenarios  

Over time, a gradual phase out towards 2030 is assumed for the current 10% share of coal use in the 

chemical industry, driven by environmental concerns related to the use of coal and by the upward 

pressure from CO2 prices for all scenarios. For all scenarios, a share of 5% oil products in the fuel 

share is assumed for 2030 and 2050 to account for residual fuel oil use resulting from incomplete 

conversions in the Petrochemical industry. Driven by upward pressure on fossil fuel prices, the use of 

geothermal heat becomes more profitable over time. The feasibility of using geothermal heat in the 

chemical industry is, however, limited in terms of temperature levels that can be reached (up to 

250 °C), combined with the situation of an overall excess of low temperature heat in the chemical 

industry resulting from heat integrated sites with an overall high temperature heat demand. 

Nevertheless, geothermal heat could be an option for smaller non-integrated sites with a demand for 

low temperature heat, and geothermal heat is assumed to have a share in the heat sources up to 4% 

in 2030 and up to 10% (differentiated global action scenario) in 2050. Over time, the use of biomass 

becomes profitable as compared to fossil fuels, due to the upward trend in the prices of fossil fuels in 

combination with the CO2 prices. Only after 2030, this results in a significant uptake of biomass as 

fuel (share in the heat sources in 2030 assumed to be at most 5%). But in this later time period, 

biomass competes with the use of fossil fuels in combination with carbon capture and storage, and 

with other biomass applications, resulting in a maximum share of 20% in 2050 for the Differentiated 

Global Action scenario.  
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In this Roadmap, no detailed projections on the future of CHP installations in the chemical industry 

are developed. The future of CHP is obviously very much linked to the development of the electricity 

market in Europe in the decades to come. Over time, the large share of renewables in the power mix 

potentially results in lower load factors of fossil power production, posing a risk to the profitability of 

fossil power generation in general and that of industrial CHP installations serving a heat demand for 

continuous processes more specifically (e.g. the need for back-up heat facilities etc.). Furthermore, 

over time, fossil fuelled CHP will have higher carbon intensity per unit of power as compared to 

centralised power production using large shares of renewables and power plants with CCS. This 

implies that to further decarbonise, CHP would be used in biomass application and / or in combination 

with carbon capture and storage. Despite these negative developments, the EU Energy Roadmap 

(European Commission, 2011b) foresees a significant increase in heat consumption from CHP for the 

total European industry with a factor 3–5, driven by support policies resulting from the application of 

the Energy Efficiency Directive (European Commission, 2012d) and by carbon pricing (European 

Commission, 2011b, pp. 134-135).  

For the projections, the heat sources as given above are applied for meeting the heat demand of the 

chemical industry, without a specification on the share of this heat that results from CHP. Emission 

factors for electricity derived from the EU Energy Roadmap are applied taking into account the overall 

(i.e. including CHP) electricity mix assumed in the two scenarios that form the basis for the industry 

electricity cost projections. It is important to carefully consider the future of CHP for industry in the 

discussion on the decarbonisation of the power supply in Europe, given the potential CHP has on 

energy efficient technology for the production of heat and electricity.  

 

7.3.4 Emission abatement 

CCS 

To determine the economic attractiveness of CCS, its main cost drivers (available technology, plant 

size, energy costs, availability of existing transportation and / or storage facilities) have been 

considered. Besides these key drivers for CCS, a clear learning effect for capturing and compressing 

and, to a smaller extent, for transporting CO2 is also foreseen. The share of energy in the total CO2 

abatement costs is significant, with only limited scenario dependence. Considering the specific 

products identified, CCS can be applied to process emissions (in the case of ammonia as well as to 

combustion emissions (ammonia, cracker products and other subsectors).  



 

124 

The application of CCS to combustion sources has been determined based on the cost assumptions 

given in Figure 5-10 and Figure 5-11. Until 2030, assumed CO2 prices do not yield economically 

attractive abatement of CO2 via CCS to combustion sources, so that no CCS to combustion sources is 

assumed until 2030. By 2050, in all decarbonisation scenarios, CCS to combustion sources is 

attractive for all subsectors. 

It should be noted that several barriers exist to implementing CCS on a large scale: 

 The costs of CCS as given in this Roadmap are uncertain. They will only become reality if CCS 

is applied on a large scale for many sectors and sources of CO2. It remains to be seen who 

would be willing to make the first large initial investment in infrastructure and storage 

facilities. Especially for smaller, dispersed emissions sources, it therefore remains 

questionable whether CCS will easily become feasible and cost-effective. 

 Some sites have site specific limitations towards the use of CCS such as the distance to 

storage locations, lack of physical space on site to install capture technology etc. 

 There are, for many EU Member States, many public acceptance and legal issues to be 

overcome (Box 7-2). 

 Related to this, the additional energy use that CCS involves remains a drawback that is likely 

to continue to play a role in the public debate about CCS. 

Provided that most of these barriers could ultimately be overcome towards 2050, it is assumed that 

90% (for Other Petrochemicals, Other Basic Inorganics, Polymers, ammonia and cracker products) 

and 75% (for Specialty Chemicals and Consumer Chemicals) of emissions from fossil fuels could in 

principle be captured and stored, taking into account technical limitations related to plant size etc. 

For Isolated Europe in particular, this is a rather positive assumption, because the use of CCS will, for 

this scenario, result in significant additional costs as compared to competing producers outside 

Europe.  

Box 7-3 Legal barriers for CCS in various countries 

The lack of public acceptance and existence of legal barriers to CCS became apparent at the regional 

workshops. In several countries (e.g. Finland, the Netherlands), CCS pilots were stopped and other 

countries (e.g. Austria, Germany, France) have legislation in place that makes the use of CCS 

impossible. For the majority of EU Member States public acceptance is reportedly very low (not in my 

backyard) and the expectation was given that CCS is unlikely to play a significant role in the near 

future. 

Nitric acid 

In Chapter 5, it was already shown that for the case of nitric acid production, all plants are expected 

to have installed abatement technology with an average emission of 90% below the 2010 level. In 
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general, these measures are cost-effective and their implementation does not depend on the 

scenarios. In Figure 7-17 the results for the N2O emissions intensity are given. 

  

Figure 7-17 Decrease of N2O emissions intensity for the different scenarios. Values apply 

to all 4 scenarios 

The very small difference observed between the scenarios is due to shares of stock operating in 2010 

and new stock not being the same in all scenarios. 

 

7.3.5 Sensitivity Analysis 

The results presented so far have been based on the set of energy prices for the different scenarios. 

Based on the economic attractiveness of measures or new technologies (compared to baseline 

technologies and each other) or with a more generic approach, the scenarios define a pathway 

towards 2050. To get a feeling for its dependence on energy prices, the impact of changing these has 

been assessed qualitatively: 

 In the Isolated Europe, Differentiated Global Action and Level Playing Field scenarios, the 

main driver is the CO2 price. Hence a higher price for oil or gas shows little differences in 

terms of penetration of measures and technologies for the products. 

 
 For future ammonia and cracker products production from bio-based materials, dependence 

between biomass (in particular ethanol) prices and the oil price will be an important driver. 

 
 For the future fuel use, the renewable share at current scenario prices is at most one third 

(either biomass or geothermal heat) and the remainder will be provided mainly by burning 

natural gas. This means that especially a higher gas price (including policy costs) will increase 

the share of renewables in the future heat sources. 
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 For a power price 50% higher than assumed, ODC technology for chlorine production (both 

retrofit and new installations) becomes more attractive by 2050. Furthermore, with this 50% 

higher price, it is economically viable to build a chlorine plant with overcapacity and to 

produce only in times of very cheap or free (renewable) electricity, provided this free 

electricity is available for a significant amount of hours per year.  

 
 At a 50% lower power price it becomes attractive to apply electrolysis routes to produce 

ammonia (either high- or low-temperature electrolysis or solid state synthesis). Such a 

possible power price advantage could potentially not be expressed through the normal 

market price, but through cost remuneration from a kind of capacity mechanism. Such a 

mechanism would cope with intermittent renewable energy sources. 

 
 Also, this 50% lower power price would be favourable for CCU, as this reduces the cost of 

energy required to build a new carbon framework. Of course, this still only serves a point in 

case generation of this electricity does not lead to CO2 emissions, but is generated from 

renewable sources. 

 
 The effect of the power price on CCS is limited, due to relatively low share of power in the 

total operational costs. This means that implementation of CCS is relatively insensitive to 

differences in the industrial electricity price. 

 
 To get an impression of the impact of differences in the CO2 price, a comparison between the 

Differentiated Global Action scenario and the Continued Fragmentation scenario gives some 

insight. As other factors, such as production development, play a role as well, this would just 

be indicative. 

Above, only effects on energy and GHG efficiencies are discussed. Some of the variations would also 

impact competitiveness of the European chemical industry, and thereby the trade ratio. Reduced 

European production leads to more import of chemicals / other goods, and hence to the import of 

emissions. 
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8 Results – Enabling Europe’s low carbon 

development  

8.1 Current and emerging enabling technologies 

The innovative solutions of the chemical industry contribute to energy efficiency improvements and 

avoided GHG emissions in all sectors of the economy. At present, the European chemical industry 

delivers an essential contribution to low carbon technology solutions, which avoid 1,500 Mt CO2 

equivalents of emissions as compared to respective alternative technologies still in use (Chapter 4). 

Current chemical applications with an enabling effect will continue to contribute to avoided emissions 

and energy efficiency improvements in the future. In addition, emerging solutions using chemical 

products will emerge. Table 8-1 gives an overview of current and emerging chemical applications that 

contribute to energy efficiency and avoided emissions.  

Table 8-1 Current and emerging chemical applications contributing to energy efficiency 

improvements and avoided emissions 

 

Group 1: 

Improved energy-efficiency and direct avoided 

emissions  

Group 2: 

Increased renewable 

energy generation 

Current 

chemical 

applications 

(2010) 

- Insulation (EPS, XPS, PU)* 

- Lighting (Compact Fluorescent Lamps) * 

- Marine antifouling coatings* 

- Light-weighted automotive parts* 

- Packaging* 

- Fertiliser and crop protection*  

- Low temperature detergents 

- Diesel and gasoline additives 

- Synthetic lubricants 

- Green tyres 

- Wind power* 

- Solar power* 

 

Emerging 

chemical 

applications 

(2010–2050)  

- Insulation (aerogels, vacuum insulated panels) 

- Lighting (LED and OLED) 

- Smart windows (incl. thermochromic roofing) 

- Energy-efficient water treatment  

- High performance packaging materials 

- Conductive polymers for printable electronics 

- Polymer electrolyte fuel 

cells (PEFC) in electric cars 

- Advanced solar cells  

* Chemical applications of which the avoided emissions have been quantified in Chapter 4. 
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The source used for current chemical applications in Table 8-1 is ICCA (2009). The sources for 

emerging chemical applications are ICCA (2012), SPIRE roadmap (SPIRE, 2012), Building Up 

roadmap (Building Up, 2012), SusChem Hybrid Workshop (SusChem, 2010), EuCheMS (2011), 

Carbon Trust (2012) and the Dutch Chemical Roadmap (VNCI, 2012).  

Emerging chemical applications can become the next generation of enabling products when they are 

truly competitive in the market in terms of performance and production costs. Accordingly, emerging 

technologies that are currently commercially available on a small scale, such as vacuum insulated 

panels, LED, and advanced solar cells, may considerably contribute to the energy and emissions 

savings in the period up to 2050. Due to the uncertainty of the (speed of) future uptake of emerging 

chemical applications and the development and breakthrough of completely new technologies, it is 

challenging to make an educated estimate on the total amount of avoided emissions in 2050. The 

emerging chemical applications given in Table 8-1 are in different stages of development (Table 8-2) 

and are briefly discussed in Box 8-1. 

Table 8-2 Development status of emerging chemically derived low carbon technologies 

Technology R&D Pilot 
Proven 
technology 

Aerogels       

Vacuum insulated panels       

Smart windows and roofing       

LED       

OLED       

Energy-efficient water treatment        

Conductive polymers for printable electronics       

Polymer electrolyte fuel cells (PEFC) in electric cars       

Advanced solar cells       

Advanced batteries       

High-Temperature Superconductors       

High performance packaging materials    
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Box 8-1 Some examples of emerging technologies contributing to energy 

efficiency improvements and avoided emissions during use (continued) 

Insulation – aerogels and vacuum insulated panels 

Improved insulation materials, such as aerogels and vacuum insulated panels (VIPs) have a lower 

thermal conductivity compared to conventional insulation materials. Aerogel is a very light porous 

material with a very low density and thermal conductivity. Aerogel is created by replacing the liquid 

component of a gel by a gas. VIPs contain gas-tight compartments from which the air has been 

removed and have a very low thermal conductivity. The inside of these compartments consists of 

support materials, for example glass fibre, fumed silica or aerogels and contains chemicals to 

collect gases which leaked through the membranes.  

Aerogels as well as VIPs are not fully developed yet. Aerogels are used for specialty applications in 

industry and are commercially available on a small scale. Fragility of the material and high costs 

need to be addressed in order to make widespread commercial application for insulation purposes 

possible (ICCA, 2012; Open Source Nanotech Initiative, 2013).  

Smart windows and roofing  

Electrochromic, thermochromic and photochromic glazing consists of glass that changes colour and 

opacity in response to respectively electricity, temperature and light. This glazing can be used in 

windows and roofing to reduce the heating and cooling demand of buildings. During warm periods, 

the transmission of solar heat can be limited, whereas during cool periods the transmission of solar 

heat is unaffected. This can reduce the need for air conditioning and lead to savings in energy and 

CO2. Currently, photochromic glazing is still in an R&D stage and thermochromic and 

electrochromic glazing is in a demonstration stage. Using these techniques for roofing purposes 

requires improvements such as long term resistance to dirt and microbial growth. For windows, the 

high price, durability issues and cosmetic issues act as barriers to wide scale introduction (ICCA, 

2012). 
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Box 8-1 Some examples of emerging technologies contributing to energy 

efficiency improvements and avoided emissions during use (continued) 

Lighting (LED and OLED) 

Light emitting diodes (LEDs) and organic light emitting diodes (OLEDs) are a type of solid state 

lighting containing semiconducting materials. LEDs and OLEDs have an improved efficiency and 

lifetime compared to conventional lighting sources. An increased use of LEDs and OLEDs in the 

future can lead to energy efficiency improvements and hence avoided CO2 emissions. LEDs exist 

already for some time, but the recent development of white LEDs has led to additional applications. 

Some types of OLEDs are already used in display technologies. Other applications of OLEDs, such 

as flexible and curved displays are still under development. Research is being conducted on 

reducing the sensitivity of LEDs to high temperature. This will make a broader application possible 

and increase efficiency even further, by eliminating the need for cooling. The use of rare earth 

materials in LEDs can become a bottleneck for large scale application of LEDs, because these 

materials are scarce and can be toxic. OLEDs are a newer technology and improvements in costs 

and light output would facilitate large scale application. In addition, the lifetime of the OLED in 

practice is still uncertain (SPIRE, 2012; SusChem, 2010; Edison Tech Center, 2010). 

Energy efficient water treatment 

The European chemical industry can contribute to energy efficiency improvements and avoided 

emissions in water treatment by optimising the porosity of membranes, reducing membrane 

fouling, reducing the need for and optimising pre-treatment and improving the lifetime of the 

membranes. One example is reverse osmosis, a membrane based desalination technology. Reverse 

osmosis works by applying pressure to one side of a membrane which filters out large molecules 

and allows pure solvent to pass to the other side. This process requires a lot of electricity. 

Chemical innovations can improve the energy-efficiency of this process.  

Conductive polymers for printable electronics 

Conductive polymers are organic polymers which are capable of conducting electricity. Conductive 

polymers are easy to process and can be a low-energy / resource technology for simple electronic 

devices. A lower consumption of energy and resources by the use of conductive polymers can lead 

to reduced CO2 emissions. The application of conductive polymers is currently in the pilot stage. 

Solving problems related to instability under normal atmospheric conditions, improving the 

consistency, dispersability and solubility of the material and an overall improvement of synthesis 

techniques can reduce production costs and free the way for widespread application (NanoMarkets, 

2011; Strong and Lunt, 2001).  
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Box 8-1 Some examples of emerging technologies contributing to energy 

efficiency improvements and avoided emissions during use (continued) 

Polymer electrolyte fuel cells (PEFC) in electric cars 

Fuel cells will be essential for the efficient use of hydrogen in transport. PEFCs are able to operate 

at lower temperatures and are smaller and lighter than other fuel cells. Breakthroughs in the 

production process of PEFCs can make fuel cell electric vehicles cost competitive with combustion 

engine vehicles. This increases the introduction rate of fuel cell cars on the market. Since fuel cell 

electric vehicles emit less CO2 per kilometre than combustion engine vehicles, this will lead to the 

avoidance of large amounts of CO2 (Carbon Trust, 2012). The concept of a fuel cell has been 

around for a long time, but the use of PEFC in electric cars is relatively novel and currently in the 

pilot stage. The Carbon Trust presents three developments that could lower the production costs 

and facilitate large scale deployment: zero-platinum liquid catalyst, high power density membrane 

and novel stackable board architecture.  

Advanced solar cells 

Advanced designs of solar cells, which include organic photovoltaics, high-efficiency compound 

semiconductors and ultra-high-efficiency thin-film solar cells, can increase solar power penetration 

due to their advantageous economics. This increased deployment of solar energy will decrease the 

need for fossil fuelled electricity production and reduce CO2 emissions. (ICCA, 2009). Advanced 

solar cells consist of different technologies, some of which are still in the R&D stage and some are 

already in a pilot or commercial stage. Barriers to advanced design solar cells containing rare earth 

materials are the costs associated with the use of these materials.  

Batteries for Mobility and Stationary Storage  

As energy storage of the future, batteries are a key technology for a climate friendly energy 

supply. While the existing first and second generations of lithium-ion batteries are already being 

used in laptops, smartphones and cameras, newer and more stable systems have to be developed 

for the third and fourth generation. Key factors for the success of the new batteries are high 

effectiveness, high safety and an affordable price (EuCheMS, 2011; SPIRE, 2012). Today's 

electrically powered vehicles have a limited operating range, despite lightweight construction. The 

goal in developing high performance battery systems is to at least triple the operating range in the 

next five years. Stationary storage will serve an important buffer function in balancing supply and 

demand for electricity from regenerative energy sources. Because capacities of the existing 

systems are too low or their use is not economical, electrochemical and chemical storage systems 

are designed to take up excess energy—generated in strong sunlight or wind conditions but not 

needed—and deliver it again later as required.  
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Box 8-1 Some examples of emerging technologies contributing to energy 

efficiency improvements and avoided emissions during use (continued) 

High Temperature Superconductors  

The application of High Temperature Superconductors (HTS) will play an integral part in the future 

extension of the grids. Conventional equipment, such as cables, transformers and generators, can 

be extended more efficiently and compactly, because HTS make a ten-fold to more than one 

hundred-fold higher power density possible compared to conventional conductors like copper and 

aluminium. In recent years, industrial applications of HTS technology have also gained importance. 

Electrical motors with superconducting rotor windings allow an increase of energy efficiency with 

compacter and lighter model. Since the use of first generation HTS-tape conductors has already 

been greatly restricted by high conductor prices, the second generation of HTS-tape conductors 

based on yttrium-barium-copper-oxide offer the perspective of a more economical mass 

production. Thus, a number of cable and motor demonstration projects were successfully realised 

in recent years. (EuCheMS, 2011) 

High performance packaging materials 

In the near future, innovation will become available such as Radio-Frequency identification tags 

that provide warnings for changes in temperature and humidity levels that might affect the 

integrity of packed products. Absorbers and emitters of natural occurring gaseous substances that 

prolong shelf life are already entering the market. In the future, bio-sensors that detect bacteria 

and viruses will pave the way for safeguarding the quality and safety of food for consumers while 

reducing the food waste.  

 

8.2 Future developments  

The extent to which chemical products will contribute to energy efficiency and avoided emissions 

during use, will depend on future economic growth, energy prices and future climate policy in the 

various regions, as well as the introduction of new chemical products and non-chemical alternatives 

to the market as discussed above. Factors impacting the development of the contribution of the 

European chemical industry to abatement in other sectors are: 

 

 The development of the production of chemicals in Europe. Expressed in € sales, the European 

production increases by 16% between 2010 and 2050 in the Isolated Europe scenario, while it 

increases by 107% in the Level Playing Field scenario (Chapter 7). 

 The increase in the demand for low carbon solutions in Europe will be higher in the Isolated 

Europe, Differentiated Global Action and Level Playing Field scenarios as compared to the 

Continued Fragmentation scenario, although in the Isolated Europe especially, a disappearing 

industrial sector in Europe could result in less demand for low carbon solutions in these sectors. 
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 The degree to which new innovative products from the chemical industry will take place. The level 

of innovation will be highest in the Differentiated Global Action and Level Playing Field scenarios, 

whereas in Isolated Europe, the further development of energy efficient and low carbon solutions 

will be hampered by the negative outlook for the European chemical industry (Chapter 7). 

  

It is important to note that over time, the contributions to energy efficiency and the contribution to 

avoided emissions will develop differently, adding to the complexity of making reasonable estimates 

for the future contributions: 

 

 Products in group 1 from Table 8-1 (chemical products leading to energy saving, e.g. energy 

efficient lighting) improve the energy efficiency of the sectors consuming the products. Over time, 

the electricity sector is assumed to decarbonise and the fuels applied for heating are assumed to 

become less carbon-intensive as well. As such, the products start to avoid less GHG emissions 

over time. However, by avoiding energy use during their use, the products continue to contribute 

to the feasibility and affordability of a low carbon energy system.  

 Products in group 1 that are used in the agricultural sector directly contribute to avoided 

emissions, e.g. those related to land use changes and direct emissions from the soil. The right 

choice of fertilisers for example influences the N2O and other GHG emissions during fertiliser use. 

A further shift to nitrate instead of urea based fertiliser has the potential to reduce agricultural 

emissions significantly.  

 Products in group 2 from Table 8-1 (chemical products contributing to renewable electricity 

generation) can directly contribute to the decarbonisation of consumers’ energy use and the 

demand for these products is quite directly linked to the decarbonisation of the energy system.  

 

To conclude, in many existing and emerging energy efficient and low carbon solutions, products from 

the chemical industry play a critical role. To fully develop these technologies and introduce them into 

markets successfully, a strong collaboration of the important players along the value chain is 

necessary. A strong European chemical industry is an essential requirement for an increased 

development and application of low emission technologies.  
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9 Enabling chemistry – key conclusions and 

recommendations 

9.1 Roadmap overview 

This Roadmap explores the long-term role of the chemical industry as Europe progresses to an 

energy efficient and low GHG emission future. An overview of where the European chemical industry 

stands today in terms of product portfolio, trade position and energy and GHG emission profile is 

provided in Chapter 2. This is followed, in Chapter 3, by an analysis of the current policy landscape 

the European chemical industry faces, also in comparison with the rest of the world. The role of the 

chemical industry in enhancing energy efficiency and reducing GHG emissions in other sectors of the 

economy is discussed in Chapter 4. 

The rest of the Roadmap explores the future of the European chemical industry. First, a schematic 

overview of the options available to the chemical industry to further improve their energy efficiency 

and reduce GHG emissions is given in Chapter 5. In Chapter 6, four scenarios are defined to explore 

the future of the European chemical industry: 

In the Continued Fragmentation scenario, it is assumed that the current fragmented policy situation 

worldwide continues, with none of the key regions outside Europe taking on stringent GHG emission 

reduction commitments. In this scenario, Europe follows a -40% GHG emission reduction ambition for 

2050 as compared to 1990.  

The three other scenarios explore the implications of deep European GHG reduction ambitions for the 

European chemical industry. In the Isolated Europe scenario, Europe intensifies its policy ambitions, 

striving for a reduction of 80% in GHG emissions in 2050 as compared to 1990 in isolation from the 

rest of the world. A similar ambition level for Europe is assumed in the Differentiated Global Action 

scenario where all key economic regions take action against climate change, albeit with different 

policy approaches and ambition levels. Finally, the Level Playing Field scenario assumes a 50% global 

GHG reduction in 2050 as compared to 1990 combined with a similar policy burden for manufacturing 

industry worldwide and converging energy and feedstock prices.  

The implications of these scenarios on the European chemical industry in terms of demand for 

chemical products, the production in Europe and the resulting trade ratio, the energy use and GHG 

emission profile, and the continuing role of the chemical industry as a solution provider are discussed 

in Chapters 7 and 8. This final Chapter summarises the key conclusions and gives recommendations 

to policymakers for a policy framework that stimulates sustainable and resource efficient growth in 

Europe.  
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9.2 Key conclusions 

From the analyses, three key findings are extracted that are critical for the future development of the 

chemical industry in Europe: 

Products of the chemical industry are important for all sectors of the economy to increase their 

energy efficiency and reduce GHG emissions. This enabling effect is likely to grow in the coming 

decades. 

The competitiveness and growth of the European chemical industry value chain and its ability to 

attract investments will be damaged by isolated actions in terms of energy and climate policies, 

leading to rising costs to operate in Europe.  

A range of current and future technologies is available to the European chemical industry to continue 

its long track record in energy efficiency and emissions intensity improvements. Growth and 

innovation are essential to achieve deep net GHG emissions reduction in the decades to come. 

Products of the chemical industry are important for all sectors of the economy  

While the chemical industry is a major energy user, its products offer solutions to save energy and 

reduce GHG emissions when they are used. The analysis in Chapter 4 shows that the chemical 

industry provides solutions for virtually all other sectors of the economy. With a further growth of 

existing applications and the emergence of new innovative solutions such as those explored in 

Chapter 8, the enabling function of the chemical industry is likely to grow in the future. This will be 

the case especially in the Level Playing Field and Differentiated Global Action scenarios that rely on 

these solutions for the deep GHG emissions reduction. The enabling solutions of the chemical industry 

contribute to the expected overall growth in demand for chemical products in Europe, which is 

estimated to grow by 150% (Isolated Europe scenario) to 200% (Level Playing Field scenario) 

between 2010 and 2050.  

In order to achieve the full enabling potential, the European chemical industry will continue to seek 

enhanced cooperation with companies and other stakeholders along their value chain to foster 

greater uptake of chemical solutions that contribute to energy efficiency improvements and GHG 

emission reductions. The European chemical industry will also continue to contribute to further 

developing methodologies to quantify the contributions chemicals make to energy savings and overall 

GHG emission reductions along the value chain. This Roadmap identifies a more general need to 

further improve the quality and availability of energy and GHG emission data for the chemical 

industry. Furthermore, it would be worthwhile to further quantify GHG emission sources related to 

the chemical industry in Europe that are not included in the scope of the current assessment, taking 

a life cycle approach. 

The competitiveness and growth of the European chemical industry value chain and its 

ability to attract investments will be damaged by isolated actions in terms of energy and 

climate policies  
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Differences in energy and feedstock prices as well as divergences in energy and climate policy costs 

for industry determine which proportion of the growing demand for chemical products will be met by 

production in Europe.  

The analyses show that the current energy and feedstock price differences with key competing 

regions outside Europe, partly due to developments in unconventional gas outside Europe, already 

jeopardise the competitiveness of Europe’s chemical industry and the value chain it supports.  

If such differences were to persist into the future, and in addition, policy cost differences were to 

further increase as is explored in the Continued Fragmentation and Differentiated Global Action 

scenarios, this would result in a negative trend in the trade balance of the European chemical 

industry. These scenarios foresee no further growth in petrochemicals production beyond 2030 and 

will result in the European Union becoming a net importer of products from the chemical industry 

after 2030. Given the strong value chain integration between the energy-intensive basic chemical 

industry and the less energy-intensive parts where basic chemicals are used, a weakening basic 

chemical industry will also negatively affect the other subsectors of the chemical industry. These 

subsectors thus also face the risk of a weakening trade ratio.  

The Isolated Europe scenario explores the effects of a strengthened binding unilateral 

decarbonisation target by Europe without global action. Under this scenario, the very high policy cost 

differences and continued energy and feedstock price differences for industry are shown to have a 

deteriorating effect on the production of the energy-intensive parts of the chemical industry in Europe. 

They also have a strong negative effect on the production in other subsectors, as a result of the value 

chain integration. Ultimately, production will start to decline due to a lack of investments and 

potentially even divestments in Europe.  

In the Continued Fragmentation, Differentiated Global Action and Isolated Europe scenarios, Europe 

will over time start to import more and more chemical products to meet its increasing demand. Due 

to increasing imports, Europe’s GHG emissions will decrease, but this will happen at the expense of 

increased GHG emissions elsewhere due to the relocation of production. Europe’s reduced emissions 

will not result in a net global emission reduction, and there may even be a net global increase 

(depending on the set-up of the European policy framework and the GHG emissions intensity of the 

production outside Europe). The findings show that the trend in overall GHG emissions related to 

consumption (including trade) can deviate compared to the trend in European emissions resulting 

from production only. It is therefore important to take a life cycle approach, focusing also on 

sustainable consumption rather than only on sustainable production in Europe.  

The Level Playing Field scenario explores how the European chemical industry could develop under 

conditions of converging energy and feedstock prices and similar policy costs for manufacturing 

industry globally. Under such conditions, the European chemical industry will continue to attract 

investments to meet the growing demand with production in Europe while reducing its GHG emissions 

intensity as it did in the past. Estimates from previous studies show that between 1990 and 2010, the 

European chemical industry halved its GHG emissions while still attracting investments. Such a 
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growing chemical industry will continue to create value and deliver high quality jobs to Europe’s 

society. Figure 9-1 and Figure 9-2  give a summarising overview of the range in demand for chemical 

products, the production and the trade ratio in the scenarios studied.   

 

Figure 9-1 EU demand for and production of chemical products (expressed in 2010 € of 

sales). All scenarios show rising demand for chemical products. However, 

production substantially shifts outside Europe in the absence of a level 

playing field 

 

Figure 9-2 Net trade ratio expressed as net export as % of demand. Unilateral action 

will result in significant import dependence for chemical products with no 

overall reduction of greenhouse gas emissions 
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A range of technologies is available to the European chemical industry to continue its long 

track record in energy efficiency improvements and GHG emission reduction  

There are a range of current and future technologies to improve energy efficiency and reduce the 

GHG emissions of the chemical industry. It is clear that further innovations are required to achieve 

deep reductions in GHG emissions. Important research areas include advanced biomass conversion 

processes, further process improvements, and the utilisation of carbon dioxide as raw material 

(Carbon Capture and Utilisation, CCU).  

Regardless the scenario studied, continued energy efficiency improvements will contribute most to 

further reductions in the GHG emissions intensity of the chemical industry. Under the Level Playing 

Field scenario, the production growth towards 2050 will be more or less offset by these efficiency 

gains, resulting in only a slight increase in energy use towards 2050.  

However, it should be noted that the potential for further energy efficiency improvements varies 

between different subsectors, different regions within the EU and different chemical sites. The basic 

chemical industry uses mature technologies that sometimes already operate close to the 

thermodynamic minimum and as such offer limited further potential. For some products studied in 

this Roadmap, however, substantial differences were found between the best and worst performing 

plants, which shows that there is still significant potential for some sites to improve. On average, the 

energy intensity per unit of sales could decrease by about 25% in the period between 2010 and 2030, 

but this average cannot be applied to all individual sites, countries or subsectors. Moreover, further 

innovations are needed to achieve these improvements. 

A change in the fuel mix used for heat generation is another important option to reduce the GHG 

emissions intensity of the chemical industry in Europe. This route also relies on further innovations. 

There is potential to increase the use of biomass up to a maximum share of about 10% in 2030. 

However, part of the GHG emission reductions achieved in the chemical industry through the 

increased use of biomass could be offset by GHG emissions from the cultivation of biomass, which 

can be substantial for some biomass types. It is important to consider the overall life cycle GHG 

emissions balance of biomass (including indirect land use change effects) when assessing the overall 

sustainability related to biomass use as fuel or feedstock. These aspects are not addressed in this 

Roadmap. In addition to biomass, to a much more limited extent, geothermal heat can also be used 

to lower GHG emissions intensity in the chemical industry. 

A third important option for the chemical industry to reduce GHG emissions is the abatement of N2O 

from the production of nitric acid and some other chemical products. The abatement of these 

emissions becomes economically viable already at moderate CO2 prices. An almost complete N2O 

abatement is projected in all scenarios for the coming decade.  

Energy efficiency, changes in fuel mix for heat generation and N2O abatement are options that are 

largely under control of the chemical industry itself. In a Level Playing Field scenario, these options 

together have the potential to reduce the GHG emissions intensity of the chemical industry by 55% in 

2050 as compared to the 2010 GHG emissions intensity.  
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In absolute terms, under the Level Playing Field scenario, the options discussed so far could reduce 

GHG emissions by 15% in 2030 as compared to 2010. Emissions would stabilise around these levels 

towards 2050, building on the already achieved reduction of 50% in 2010 as compared to 1990. In 

the three other scenarios (Isolated Europe, Continued Fragmentation and Differentiated Global 

Action), higher absolute GHG emission reductions are projected in Europe, but at the expense of 

relocation of production outside of Europe. This would happen with no overall reduction in global GHG 

emissions or even a potential increase as discussed above.  

Furthermore, in relative terms, the scenarios of isolated EU action, in which there is no global action 

to tackle climate change (Isolated Europe, Continued Fragmentation), result in lower reductions in 

GHG emissions intensity compared to the Level Playing Field scenario. Among other reasons, this is 

due to limited growth in Europe and relocation of industry to outside Europe. Deep reductions in GHG 

emissions intensity will only be realised if industry has the confidence to invest in Europe. This is 

confirmed by analyses in this Roadmap, which show very limited improvements in energy efficiency 

in the last decade for some important large volume chemicals that provide the foundation for the 

chemical industry value chain. 

Deeper reductions in GHG emissions are possible by decarbonising the electricity production in 

Europe and by applying carbon capture and storage (CCS) to emissions from the chemical industry. 

These options are costly and require technological breakthroughs. They face several barriers that can 

only to a limited extent be steered by the chemical industry itself. For CCS, these barriers include the 

lack of public acceptance, the large infrastructure requirements needed and questions around the 

feasibility and cost-effectiveness of the technology for smaller, dispersed emission sources. 

Decarbonising the electricity sector comes with challenges related to grid and other infrastructure 

requirements to incorporate a large share of intermittent renewable electricity sources.  

This Roadmap also assessed the options to reduce the fossil feedstock requirement and identified 

potentials for bio-based feedstock and increased use of recycled products.  

 

9.3 Policy recommendations  

In the absence of an international climate change agreement, the future of the chemical industry in 

Europe depends on smart policies that avoid further policy-induced energy cost burdens. 

Strengthening external relations with other regions, further diversifying energy supply and ensuring a 

well-functioning integrated energy market is essential for more globally competitive industrial energy 

prices in Europe.  

This Roadmap reveals that the current policy framework in Europe poses a threat to the competitive 

position of the European chemical industry. The free allocation of emission allowances in the EU 

emissions trading system (EU ETS) is a measure to support the competitive position of the industry 

and to maintain production in Europe. However, the allocation is determined ex-ante, using historical 

production, which could limit the efficient growth of the chemical industry in Europe. Furthermore, 
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uncertainties about full compensation for CO2 costs in the electricity price erode investments and 

growth perspectives and affects EU global competitiveness. These drawbacks could be overcome by 

moving to a more dynamic EU ETS with an allocation based on actual production and including 

indirect emissions. This would offer a long-term perspective for investments in new installations and 

is possible while maintaining an absolute GHG emission cap in the scheme. 

The costs related to a more renewable energy supply system rise in all decarbonisation scenarios. 

These costs include support for renewable energy generation and costs related to back-up facilities, 

storage and grid connections. The regional workshops organised in the context of this Roadmap made 

clear that the currently non-coordinated and in some cases excessive support for renewable 

electricity results in additional cost burdens to the European chemical industry. This renewable 

energy support and the cost pass-through to industry should be better coordinated and take into 

account the cost build-up for electricity in key competing regions outside Europe.  

There is a risk that European energy and climate policies overlap, resulting in a sub-optimal and 

ineffective policy package. The review of the European Energy Taxation directive and the 

implementation of the Energy Efficiency Directive as well as the overall design of the post-2020 policy 

package should minimise sub-optimal solutions.  

Energy security, competitive energy prices and climate protection are all important pillars of 

European policy. Currently, European policymaking is at a crossroads. Notably in an Isolated Europe 

approach, supporting the competitive position of European industry and the associated growth and 

job creation could be at conflict with climate policy ambitions that aimed for a much faster 

transformation to a low carbon economy than other major global regions. The European chemical 

industry recognises this tension and calls on policymakers to provide:  

An effective framework to maintain competitiveness on the route towards global action  

 Europe should continue its efforts towards global rather than unilateral action against climate 

change.  

 In the absence of a global climate change agreement, the design of the carbon market and 

further climate policy post-2020 should be further improved to promote efficient production 

and production growth in Europe.  

 Measures to support the competitive position of the European chemical industry should be 

stable, predictable and coordinated across Europe. They should also avoid unnecessary cost 

burdens to European industry. Furthermore, the framework should be designed to incentivise 

the innovations required for deep GHG emissions reduction.  

A European energy policy to ensure a diversified and competitive energy supply 

 A truly European energy policy should be developed, including fully integrated and well-

functioning electricity and natural gas markets.  

 This energy policy should guarantee a diverse and more competitive energy supply in Europe 

and allow for sustainable exploration of new forms of energy such as unconventional gas.  
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 Renewable energy support schemes should be simplified and more coordinated across 

Europe. Policy makers should direct the energy portfolio towards cost-effective renewable and 

alternative energy options that can serve our energy needs without excessive additional 

back-up capacity and infrastructure costs.  

Policy approaches that acknowledge the vital role of the chemical industry in sustainable consumption 

patterns  

 The policy framework should take into account the role of the chemical industry in enabling 

energy efficiency and economy-wide GHG emissions reduction.  

 Sustainable consumption should be further incentivised, focusing on the full life cycle 

performance of products and applications, taking on board the latest developments in 

methodologies.  

An R&D and innovation framework towards market-oriented and cost-efficient technology 

development 

 Research and development support for innovation should facilitate new breakthrough 

technologies in pre-competitive phases and should focus on innovative solutions across the 

borders of individual sectors. Cross sector cooperation is vital in the field of further energy 

efficiency improvements and in the area of new innovative product solutions.  

 The policy package should enable market-oriented, cost-efficient technologies. It should help 

to overcome barriers such as public acceptance to and regulatory uncertainties surrounding 

new innovative technologies.  

 A suitable support framework for the development of bio-based chemistry should be 

developed via standardisation of sustainability criteria for biomass, stimulation of cascaded 

biomass use and elimination of import duties.  

 Adequate financing schemes for the adoption of energy efficient and low carbon technologies 

should be developed.  

 

To conclude, long-term action by all stakeholders is critical to realise a low carbon and energy 

efficient future. Governments should help to create a favourable environment that encourages 

additional gains in efficiency and lowers energy use and emissions, while keeping a strong chemical 

industry in Europe. Industry should highlight priorities for support, accelerate capital investments as 

well as research and development, and prompt further focused collaborations with academia and 

government research laboratories.  
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List of abbreviations 

APPE Association of Petrochemicals Producers in Europe 

ASU Air separation unit 

BAT Best available techniques 

CAGR Compound annual growth rate 

CCS Carbon capture and storage 

CCSU Carbon capture, storage and utilisation  

CCU Carbon capture and utilisation 

CFL Compact fluorescent lamp 

CHP Combined heat and power 

CITL Community Independent Transaction Log 

CO2 Carbon dioxide 

CSF Cross-sectoral correction factor 

DMT Dimethyl terephthalate 

EC European Commission 

EED Energy Efficiency Directive 

EPS Expanded polystyrene 

ETS Emissions trading system 

EUA European Union emission allowance 

EuCheMS European Association for Chemical and Molecular Sciences 

GDP Gross domestic product 

GHG Greenhouse gas 
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HSE Health, Safety and Environment 

HTS High temperature superconductors 

ICCA International Council of Chemical Associations 

IEA International Energy Agency 

IPCC Intergovernmental Panel on Climate Change 

JI Joint Implementation 

LDPE Low-density polyethylene 

LED Light emitting diode 

MEG Mono-ethylene glycol 

MILP Mixed integer linear programming 

MTO Methanol-to-Olefins 

NAFTA North American Free Trade Agreement  

N2O Nitrous oxide 

NACE Statistical Classification of Economic Activities in the European Community 

NER New entrants’ reserve 

NH3 Ammonia 

NO Nitric oxide 

NO2 Nitrogen dioxide 

O&M Operations and maintenance 

ODC Oxygen-depolarised cathode 

OLED Organic light emitting diodes 

ORC Organic Rankine Cycle 

PE Polyethylene 
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PEFC Polymer electrolyte fuel cell 

PET Polyethylene terephthalate 

PHA Polyhydroxyalkanoates 

PI Process intensification 

PLA Polylactic acid 

PMMA Polymethyl methacrylate 

PPP Public private partnerships 

PTA Purified terephthalic acid 

PU Polyurethane 

PVC Polyvinylchloride  

R&D Research and development 

RIC Resign Identification Code 

SMR Steam methane reforming 

SSAS Solid State Ammonia Synthesis 

UIC L'Union des Industries Chimiques (French chemical industries association) 

UNFCCC United Nations Framework Convention on Climate Change 

VCI Verband der Chemischen Industrie e.V. (German chemical industries 

association) 

VIP Vacuum insulated panel 

VSD Variable-speed drive 

WBCSD World Business Council for Sustainable Development 

XPS Extruded polystyrene 
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Annex 1: Costs of CCS 

Costs of CCS on combustion sources 

Stock 
Year of 

assessment 
Capture 
rate68 

Cost item 
Plant size 

(Mt CO2 / year) 

Investment costs 
(2010 € / t CO2 

annually captured)69 

Heat 
requirements 

(GJ / t CO2 
captured) 

Electricity70 
requirements 

(GJ / t CO2 
captured) 

Existing (retrofit) 
and new 

2020 85% 
Capture and 

Compression71 
0.13 1020 

3.2 0.48 

    0.25 714 

    0.5 500 

    1.2 300 

    3.0 200 

   Transport All72 80 

   Storage All 60 

                                                

68 Only the emissions of the industrial activity to which capture is applied are taken into account (no emissions from building the capture installation, transporting the fuels, etc.) 

69 Not annualised (total costs) 

70 For compression (3/4) and fans for pressurising flue gases and circulating solvents (1/4) 

71 Compression is included to pipeline pressure 

72 Investments for transport do depend on plant size, however for smaller installations (i.e. <1 Mt CO2 / year), either combining different emission sources in neighbourhood or limiting transport to 

several tens of kilometres, yield the indicated investment figure. In case no other emission sources nearby are present and the captured CO2 needs to be transported over long distances, CCS will not 

be implemented. 
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Stock 
Year of 

assessment 
Capture 
rate68 

Cost item 
Plant size 

(Mt CO2 / year) 

Investment costs 
(2010 € / t CO2 

annually captured)69 

Heat 
requirements 

(GJ / t CO2 
captured) 

Electricity70 
requirements 

(GJ / t CO2 
captured) 

 2030 85% 
Capture and 
Compression 

0.13 612 

0 1.4673 

    0.25 429 

    0.5 300 

    1.2 225 

    3.0 125 

   Transport All5 70 

   Storage All 60 

 2050 95% 
Capture and 
Compression 

0.13 327 

0 1.1374 

    0.25 229 

    0.5 160 

    1.2 130 

    3.0 90 

   Transport All5 50 

   Storage All 60 

  

                                                

73 For oxyfuel, electricity consumption assumed is 200 kWh/t CO2 

74 30% improvement in oxygen production assumed 
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Costs of CCS on pure sources (process-related emissions) 

Stock 
Year of 

assessment 
Capture 
rate75 

Cost item 
Plant size76 

(Mt CO2 / year) 

Investment costs 
(2010 € / t CO2 

annually captured)77 

Heat 
requirements 

(GJ / t CO2 
captured) 

Electricity78 
requirements 

(GJ / t CO2 
captured) 

Existing (retrofit) 
and new 

2020 100% 
Capture and 

Compression79 
<0.8 100 

0 0.4 

    0.8 40 

    >0.8 30 

   Transport All80 80 

   Storage All 60 

                                                

75 Only the emissions of the industrial activity to which capture is applied are taken into account (no emissions from building the capture installation, transporting the fuels, etc.) 

76 For ammonia, the typical size for the process emissions part is fixed at 0.8 Mt CO2 per annum 

77 Not annualised (total costs) 

78 For compression; typically also drying and possibly cleaning is required, consuming electricity (not included here); 10% efficiency improvement assumed to 2030 and another 10% towards 2050 

79 Compression is included to pipeline pressure 

80 Investments for transport do depend on plant size, however for smaller installations (i.e. <1 Mt CO2 / year), either combining different emission sources in neighbourhood or limiting transport to 

several tens of kilometres, yield the indicated investment figure. In case no other emission sources nearby are present and the captured CO2 needs to be transported over long distances, CCS will not 

be implemented. 
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Stock 
Year of 

assessment 
Capture 
rate75 

Cost item 
Plant size76 

(Mt CO2 / year) 

Investment costs 
(2010 € / t CO2 

annually captured)77 

Heat 
requirements 

(GJ / t CO2 
captured) 

Electricity78 
requirements 

(GJ / t CO2 
captured) 

 2030 100% 
Capture and 
Compression 

<0.8 100 

0 0.36 

    0.8 36 

    >0.8 30 

   Transport All13 70 

   Storage All 60 

 2050 100% 
Capture and 
Compression 

<0.8 100 

0 0.33 

    0.8 32 

    >0.8 30 

   Transport All13 50 

   Storage All 60 
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Annex 2: Scenario input parameters 

Input parameters of each scenario 

Parameter Year 
Continued 

Fragmentation 
Isolated Europe 

Differentiated 
Global Action 

Level Playing 
Field 

CO2 prices 

(2010 € / t CO2) 

2010 15 15 15 15 

2020 16 21 26 19 

2030 33 44 54 37 

2050 53 221 276 194 

Delta CO2 costs 

(2010 € / t CO2) 

2010 0 0 0 0 

2020 5 6 3 0 

2030 13 44 10 0 

2050 30 221 30 0 

Energy prices 
Excl. 
CO2 

costs 

Incl. 
CO2 

costs 

Excl. 
CO2 

costs 

Incl. 
CO2 

costs 

Excl. 
CO2 

costs 

Incl. 
CO2 

costs 

Excl. 
CO2 

costs 

Incl. 
CO2 

costs 

Electricity81 

(2010 € / GJ) 

2010 21.9 23.1 21.9 23.1 21.9 23.1 21.9 23.1 

2020 27.2 28.2 28.0 29.2 28.0 29.4 28.0 29.0 

2030 28.2 29.9 35.1 36.7 25.3 26.8 34.2 35.6 

2050 27.7 29.0 37.6 37.6 26.2 26.2 35.4 35.4 

Natural gas82 

(2010 € / GJ) 

2010 7.3 8.2 7.3 8.2 7.3 8.2 7.3 8.2 

2020 8.4 9.3 8.4 9.6 8.4 9.8 8.4 9.4 

2030 10.1 12.0 10.1 12.6 8.3 11.3 8.3 10.3 

2050 12.8 15.8 12.8 25.2 6.8 22.3 6.8 17.7 

                                                

81 Industry electricity costs with and without CO2 costs; includes investment costs, interests, fuel costs, wages, transmission and distribution 

costs, and taxes (but no value added tax for industry) 

82 Gas prices for use as heat source with and without CO2 costs; includes transmission and distribution costs and energy taxation 
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Parameter Year 
Continued 

Fragmentation 
Isolated Europe 

Differentiated 
Global Action 

Level Playing 
Field 

Oil83 

(2010 € / GJ) 

2010 11.9 13.0 11.9 13.0 11.9 13.0 11.9 13.0 

2020 12.4 13.5 12.4 13.9 11.8 13.7 11.8 13.2 

2030 14.6 17.1 14.6 17.9 11.1 15.1 11.1 13.8 

2050 17.4 21.3 17.4 33.6 10.0 30.2 10.0 24.2 

Coal84 

(2010€ / GJ) 

2010 4.9 6.3 4.9 6.3 4.9 6.3 4.9 6.3 

2020 5.6 7.1 5.6 7.6 5.2 7.6 5.2 7.0 

2030 6.1 9.2 6.1 10.3 5.3 10.4 5.3 8.8 

2050 6.2 11.2 6.2 27.1 4.7 30.8 4.7 23.0 

Biomass85 

(2010€ / GJ) 

2010 13.2 13.2 

2020 14.3 14.3 

2030 14.3 13.3 

2050 13.3 12.3 

Geothermal 

heat 

(2010€ / GJ) 

2010 10.0 

2020 7.0 

2030 5.6 

2050 5.0 

Electricity emission 

factor  

(t CO2 / MWh) 

2010 0.31 0.13 

2020 0.22 0.20 

2030 0.18 0.12 

2050 0.09 0.00 

 

                                                

83 Oil prices for use as heat source with and without CO2 costs; includes transmission and distribution costs and energy taxation 

84 Coal prices for use as heat source with and without CO2 costs; includes transmission and distribution costs, energy taxation and 

combustion premium for higher CAPEX and OPEX 

85 Biomass prices for use as heat source; includes transmission and distribution costs and combustion premium for higher CAPEX and OPEX 
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Annex 3: Fuel mix for heat generation applied to 

the subsectors 

Fuel mix for heat generation as applied for the generic subsectors86 

Subsector Year  Resource 
Continued 

Fragmentation 
Isolated Europe 

Differentiated 
Global Action 

Level Playing 
Field 

All 
subsectors 

2020 

Coal 5% 5% 4% 4% 

Oil 8% 8% 8% 8% 

Natural gas 84% 83% 81% 84% 

Biomass 3% 4% 5% 4% 

Geothermal 
heat 

0% 0% 2% 0% 

2030 

Coal 0% 0% 0% 0% 

Oil 5% 5% 5% 5% 

Natural gas 90% 88% 83% 86% 

Biomass 5% 5% 8% 6% 

Geothermal 
heat 

0% 2% 4% 3% 

2050 

Coal 0% 0% 0% 0% 

Oil 5% 5% 5% 5% 

Natural gas 87% 78% 65% 71% 

Biomass 8% 12% 20% 16% 

Geothermal 
heat 

0% 5% 10% 8% 

                                                

86 Excluding bio-based production, which uses 100% biomass for fuel. 
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Annex 4: Development of energy intensity in the four scenarios 

Development of energy (fuel / heat and electricity) intensity for stock towards 2050. The value 1.00 indicates 2010 

intensity. Post-built CCS measures and energy effects of biobased feeds are not taken into account. 

We assume new stock to have the characteristics of the stock as it would be built at the end of the given intervals (for example, 

stock built in 2010–2020 has the characteristics of stock that would be built in 2020). 

Subsector 
Year 
stock is 
built 

Continued Fragmentation Isolated Europe Differentiated Global Action Level Playing Field 

2010 2020 2030 2050 2010 2020 2030 2050 2010 2020 2030 2050 2010 2020 2030 2050 

Other 
Petrochemicals 

<2010 1.00 0.95 0.90 0.80 1.00 0.94 0.88 0.78 1.00 0.92 0.85 0.72 1.00 0.93 0.86 0.74 

2010-2020  0.69 0.69 0.67  0.69 0.68 0.66  0.67 0.65 0.61  0.68 0.66 0.62 

2020-2030   0.69 0.67   0.68 0.66   0.65 0.61   0.66 0.62 

2030-2050    0.67    0.65    0.60    0.62 

Other Basic 
Inorganics 

<2010 1.00 0.95 0.90 0.80 1.00 0.94 0.88 0.78 1.00 0.92 0.85 0.72 1.00 0.93 0.86 0.74 

2010-2020  0.69 0.69 0.67  0.69 0.68 0.66  0.67 0.65 0.61  0.68 0.66 0.62 

2020-2030   0.69 0.67   0.68 0.66   0.65 0.61   0.66 0.62 

2030-2050    0.67    0.65    0.60    0.62 

Polymers 

<2010 1.00 0.92 0.85 0.72 1.00 0.91 0.83 0.69 1.00 0.88 0.78 0.61 1.00 0.89 0.80 0.64 

2010-2020  0.67 0.65 0.61  0.67 0.64 0.59  0.65 0.60 0.52  0.65 0.62 0.54 

2020-2030   0.65 0.61   0.64 0.59   0.60 0.52   0.61 0.54 

2030-2050    0.60    0.58    0.51    0.53 
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Subsector 
Year 
stock is 
built 

Continued Fragmentation Isolated Europe Differentiated Global Action Level Playing Field 

2010 2020 2030 2050 2010 2020 2030 2050 2010 2020 2030 2050 2010 2020 2030 2050 

Specialty 
Chemicals 

<2010 1.00 0.79 0.62 0.39 1.00 0.76 0.58 0.35 1.00 0.69 0.48 0.24 1.00 0.71 0.51 0.27 

2010-2020  0.58 0.49 0.35  0.56 0.46 0.31  0.51 0.39 0.22  0.53 0.41 0.25 

2020-2030   0.48 0.34   0.45 0.30   0.38 0.22   0.40 0.24 

2030-2050    0.33    0.29    0.20    0.23 

Consumer 
Chemicals 

<2010 1.00 0.78 0.62 0.39 1.00 0.76 0.58 0.34 1.00 0.69 0.48 0.24 1.00 0.71 0.51 0.27 

2010-2020  0.58 0.49 0.35  0.56 0.46 0.31  0.51 0.39 0.22  0.53 0.41 0.25 

2020-2030   0.48 0.34   0.45 0.30   0.38 0.22   0.40 0.24 

2030-2050    0.33    0.29    0.20    0.23 
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Product 
group 

Techno-
logy 

Year stock 
is built 

Continued Fragmentation Isolated Europe Differentiated Global Action Level Playing Field 

2010 2020 2030 2050 2010 2020 2030 2050 2010 2020 2030 2050 2010 2020 2030 2050 

Ammonia
87 

(Current) <2010 1.00 0.90 0.81 0.81 1.00 0.90 0.81 0.81 1.00 0.90 0.81 0.81 1.00 0.90 0.81 0.81 

Steam 
methane 
reforming 
(SMR) 
(baseline) 

2010-2020  0.57 0.55 0.51  0.57 0.55 0.50  0.57 0.54 0.47  0.57 0.54 0.48 

2020-2030   0.52 0.48   0.52 0.47   0.50 0.44   0.51 0.45 

2030-2050    0.48    0.46    0.43    0.44 

SMR with 
CCS 

2020-2030   0.55 0.50   0.54 0.49   0.52 0.46   0.53 0.47 

2030-2050    0.50    0.51    0.47    0.48 

Cracker 

products 

(Current) <2010 1.00 0.93 0.86 0.77 1.00 0.91 0.83 0.72 1.00 0.90 0.79 0.66 1.00 0.91 0.81 0.69 

Naphtha 
steam 
cracking 
(baseline) 

2010-2020  0.61 0.59 0.55  0.61 0.59 0.54  0.61 0.58 0.52  0.61 0.58 0.53 

2020-2030   0.57 0.53   0.56 0.52   0.54 0.49   0.55 0.50 

2030-2050    0.52    0.51    0.48    0.49 

Naphtha 
steam 
cracking 
with CCS 

2030-2050        0.55    0.51    0.52 

Ethanol-to-
ethylene 

2030-2050        0.26    0.26    0.26 

                                                

87 As is stated above, these numbers only reflect fuel / heat and electricity use and exclude feedstock use, analogous to Figure 7-13  
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Product 
group 

Techno-
logy 

Year stock 
is built 

Continued Fragmentation Isolated Europe Differentiated Global Action Level Playing Field 

2010 2020 2030 2050 2010 2020 2030 2050 2010 2020 2030 2050 2010 2020 2030 2050 

Chlor 

Alkalis 

(Current) <2010 1.00 0.98 0.97 0.97 1.00 0.98 0.97 0.95 1.00 0.98 0.97 0.96 1.00 0.98 0.97 0.96 

Membrane 
cell 
(baseline) 

2010-2020  0.87 0.86 0.85  0.87 0.86 0.84  0.87 0.86 0.84  0.87 0.86 0.84 

2020-2030   0.86 0.84   0.86 0.84   0.85 0.83   0.85 0.83 

2030-2050    0.84    0.83    0.82    0.82 

Oxygen 
Depolarized 
Cathode 
(ODC) 
electrolysis88 

2010-2020      0.83 0.82 0.81      0.83 0.82 0.80 

2020-2030               0.82 0.80 

2030-2050                 

ODC with 
CCS88 

2020-2030           0.82 0.80   0.82 0.80 

2030-2050            0.79    0.80 

                                                

88 Energy and fuel use of compensating production of hydrogen in case of ODC are included in this figure. Associated feedstock use is not. 
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