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1 Executive summary 
European process industries stand on the brink of a great transformation to become circular and 

climate neutral by 2050. This roadmap details Processes4PlanetΩǎ ǳƴƛǉǳŜ Ŏollaborative approach to 

deliver the cross-sectorial innovation that is essential to this transformation. 

 

The European Green Deal (European Commission, 2019)[1] is a game changer for our society at large, and for 

the European process industries in particular.  Europe aims to reach climate neutrality1έ and a circular 

economy by 2050.  

This goal cannot be achieved without the process industries. They convert primary raw materials and 

secondary resources into materials that are used in the manufacturing industry to make products or are 

used directly as products (e.g. roof tiles). The process industry also converts fossil and increasingly 

renewable resources into energy products (fuels) and materials. Process industries are a pivotal part of 

many value chains. Their presence on European territory strengthens the independence and resilience of 

our society to unexpected events or crises as it guarantees access to essential products and services to 

European citizens. Being large energy and resources consumers, the process industries are by the same 

token key to enable a climate neutral energy system and to contribute to a circular economy. 

The Processes4Planet (P4Planet) partnership is about transforming European process industries to make them 

circular and achieve overall climate neutrality at EU level by 2050, while enhancing their global 

competitiveness. 

The systemic shift required to transition to a climate neutral and circular society calls not only for 

technological innovation, but rather for a holistic systemic socio-economic approach. This is the spirit of 

the Processes4Planet 2050 SRIA. The change is needed on many levels from various actors. This SRIA 

outlines the transformations through which the process industry can contribute and the connections along 

the value chains that are fundamental to enable these transformations. 

More specifically, the P4Planet partnership will aim at achieving 3 general objectives: 

1. Developing and deploying climate neutral solutions: P4Planet ambitions to contribute to the 

climate neutrality of the overall European economy by bringing technological and non-

technological innovations to readiness for subsequent deployment.  

Today the process industries supporting P4Planet emit about 749 million tonnes of CO2 

annually2. To contribute to the overall climate neutrality at EU level by 2050, the process 

industries will redesign industrial processes and rethink their interaction with the energy system 

(sector coupling). 

2. Closing the energy and feedstock loops: process industries will develop and deploy sustainable 

circular business models through technological and non-technological innovations, cross-sectoral 

collaboration and engagement with the local ecosystem. This will help them evolve towards 

resource circularity and resource efficiency. P4Planet ambitions near zero landfilling and near 

zero water discharge in 2050. 

 

Secondary resources (i.e. recycled materials that are transferred back to the production of new 

materials and goods) today contribute for 12% of the total material demand in the EU3. Recycling 

 
1 A definition for climate neutrality can include emissions and removals of all GHGs across the entire value chain as well as other climate 
impacts and may consider the remaining carbon budget. This roadmap focuses on deep CO2 emissions reductions in the process industry 
in 2050. 
2 This includes direct emissions as well as indirect emissions from electricity consumption 
3 on average only 12% of material resources used in the EU in 2016 came from recycled products and recovered materials - thus saving 
extraction of primary raw materials. This indicator, called circular material use rate, measures the contribution of recycled materials to 
ƻǾŜǊŀƭƭ ŘŜƳŀƴŘ ό9¦wh{¢!¢ офκнлмфΣ άwŜŎƻǊŘ ǊŜŎȅŎƭƛƴƎ ǊŀǘŜǎ ŀƴŘ ǳǎŜ ƻŦ ǊŜŎȅŎƭŜŘ ƳŀǘŜǊƛŀƭǎ ƛƴ ǘƘŜ 9¦έύΦ 

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=fr&rs=en%2DUS&wopisrc=https%3A%2F%2Fall4aspire.sharepoint.com%2Fsites%2FP4PlanetGuidanceDocument%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F4c2821d792c14e2dada32af7912f8af3&wdenableroaming=1&mscc=1&hid=5D038B9F-30C1-2000-647E-926CAF2F0A94&wdorigin=ItemsView&wdhostclicktime=1604674192431&jsapi=1&jsapiver=v1&newsession=1&corrid=1f4ba928-809b-4650-9490-d6962c142957&usid=1f4ba928-809b-4650-9490-d6962c142957&sftc=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ftn1
https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=fr&rs=en%2DUS&wopisrc=https%3A%2F%2Fall4aspire.sharepoint.com%2Fsites%2FP4PlanetGuidanceDocument%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F4c2821d792c14e2dada32af7912f8af3&wdenableroaming=1&mscc=1&hid=5D038B9F-30C1-2000-647E-926CAF2F0A94&wdorigin=ItemsView&wdhostclicktime=1604674192431&jsapi=1&jsapiver=v1&newsession=1&corrid=1f4ba928-809b-4650-9490-d6962c142957&usid=1f4ba928-809b-4650-9490-d6962c142957&sftc=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ftn1
https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=fr&rs=en%2DUS&wopisrc=https%3A%2F%2Fall4aspire.sharepoint.com%2Fsites%2FP4PlanetGuidanceDocument%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F4c2821d792c14e2dada32af7912f8af3&wdenableroaming=1&mscc=1&hid=5D038B9F-30C1-2000-647E-926CAF2F0A94&wdorigin=ItemsView&wdhostclicktime=1604674192431&jsapi=1&jsapiver=v1&newsession=1&corrid=1f4ba928-809b-4650-9490-d6962c142957&usid=1f4ba928-809b-4650-9490-d6962c142957&sftc=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ftn1


 

all materials and valorising all waste streams by 2050 implies a fundamental redesign of value 

chains. Industries need to establish new collaborations, e.g. with the waste management 

industry and with municipalities to realise a paradigm shift and become fully circular with full 

focus on upcycling. P4Planet looks to a potential of reducing about one billion tons of waste 

generated in Europe (by process & manufacturing industry and as end-of-life waste). 
 

3. Achieving a global leadership in climate neutral and circular solutions, accelerating innovation and 

unlocking public and private investment: innovation is needed to make climate neutral and circular 

solutions more attractive. The competitive position of the European process industries will benefit 

from a global leadership in these economically attractive solutions, as well as from a strengthened 

integration in the economic fabric of regions and Member States.  

The partnership will define a reliable investment agenda for process industries over next 30 years, in 

particular for the key phase for commercial deployment of sustainable technologies by 2030 (i.e. 

between 2025 and 2030). It will also address the required framework conditions to generate a market 

for climate neutral and circular solutions and to trigger deployment of innovation (consistent 

regulatory framework, level playing field). 

 

Many challenges common to several sectors can be addressed through cross-sectorial collaboration, 

e.g. achieving high temperatures using electricity or sharing information in the value chain. The 

effectiveness and efficiency of innovation programmes can be increased by developing such innovations 

jointly and sharing learnings. Additionally, cross-sectorial innovation offers the advantage of faster 

deployment and impact at scale. SPIRE has already shown the effectiveness of its unique cross-sectorial 

innovation approach under Horizon 2020; P4Planet aims to find still more synergies in cross-sectorial 

innovation in the coming period. P4Planet will connect to other initiatives that develop sector-specific 

(e.g. Clean Steel) or solution-specific (e.g. Hydrogen Europe or CBE) innovation for the process industries. 

In this roadmap, the A.SPIRE community outlines the innovation needed to enable climate neutral, 

circular and competitive process industries in 2050. In the period 2018-2020 the A.SPIRE community has 

worked together to develop this roadmap with regular interaction with the European Commission and 

other stakeholders. It presents its vision for circular and climate neutral process industries and details the 

innovation needed to realize this vision. Figure 1 schematically depicts the resource and energy flows of 

the process industries in 2050. There is no silver bullet: multiple options need to be developed that can 

each be most effective and efficient in different applications and/or regional circumstances. The roadmap 

contains innovation in resources and energy, accelerated by digitalisation and Hubs for Circularity: 

 

Á On the resources side, the recycling of all materials will be enabled by developing industrial 

processes, sorting/separating technologies, and circular value chains that leverage industrial-

urban symbiosis models. The innovations will boost resource efficiency and enable the 

valorisation of all by-products (through novel applications and industrial-urban symbiosis). This 

will reduce EU dependency on imported feedstock including critical raw materials and will reduce 

the associated environmental pollution (safe elimination of hazardous chemicals from the 

recycling loop). CO2 capture, purification and utilisation will be developed to produce minerals, 

chemicals and fuels. Non-technological innovation is needed to address barriers for the closing of 

loops (e.g. social acceptance, standards, etc.). 

Á ΨaŀǘŜǊƛŀƭǎ ƻŦ ǘƘŜ ŦǳǘǳǊŜΣ ǇǊƻŘǳŎŜŘ ōȅ ǘƘŜ ǇǊƻŎŜǎǎ ƛƴŘǳǎǘǊȅΣ Ŏŀƴ ƘŀǾŜ ǎǘǊƻƴƎ ŜŦŦŜŎǘǎ ƻƴ /h2 

emissions by the use of it. E.g. insulation materials will reduce strongly the energy consumption 

in buildings, lightweight materials will reduce energy consumption in transport vehicles, etc. Also 

advanced fuels can lead finally to CO2-neutrality after use. These effects are not presented in 



 

this figure neither counted in the P4Planet CO2-emission reduction. However, the production 

processes and circularity issues are part of this SRIA.  

 

 
 

Figure 1: Resource and energy flows of the process industries in 2050 

 

Á On the energy side, innovation is needed for changing the energy mix, in new technologies for 

the integration of electricity (indirectly and directly) as well as for energy efficiency and waste 

energy re-use.  

 

On top further energy use will be considered as technologies based on lower energy content 

feedstock might be considered. Energy efficiency (especially in new processes) and reuse of 

waste energy will play a significant role to improve competitiveness and reduce the need for 

energy (partially through existing technologies, but also by developing disruptive, more efficient 

processes). The use and availability of renewable electricity will drive GHG emissions from 

electricity consumption towards zero in 2050. Processes that require heat will be replaced as 

much as possible by processes that use energy to directly drive the process (avoiding the need 

for heat). GHG emission-free energy carriers (including renewable electricity) will be used to 

generate the heat for the remaining thermal processes. New energy carriers (hydrogen, 

ammonia and others) and renewable energy (e.g. heat or power) need to be integrated into the 

processes, allowing for flexibility and demand response. 

 



 

Á Digitalisation will enable faster development of new solutions and speed up engineering. It will 

also allow for more intelligent operation of installations and enable cross-sectorial collaboration 

by tracking data and sharing information in an effective and secure manner. Circularity will 

strongly be improved by digital tracking and tracing.  

 

Á Hubs for Circularity (H4Cs) will catalyse regional industry-society collaboration necessary to 

develop the solutions within the local context (and address the local barriers) by connecting 

various regional stakeholders and contributing to an improved European resilience. The regional 

dimension of the hubs will help implement the technologies and attain the ambitions of the 

partnership. Knowledge and best practice from regions will be shared through an EU-wide 

Community of Practice, and the H4Cs will be spread across Europe to deploy circular economy at 

scale. 

The 14 innovation areas presented in the roadmap are expected to collectively deliver these technological 
and non-technological solutions. The roadmap is built up of 36 detailed innovation programmes that are 
clustered in distinct innovation areas. The innovation programmes push multiple technologies towards 
commercial application (TRL94). About 50% of the developed technologies could be applied by 2030 and 
100% by 2050.  

 

 

Table 1 shows an estimate of the progression on innovation area level.  

 

 

 

 

Table 1: Progression of P4Planet innovation pipeline 

 

ϵ34.5 billion of investments are estimated to be needed until 2050 to develop and progress this highly 

ambitious pipeline of innovation. This includes the total investments of the projects (CAPEX for the 

 
4 Technology Readiness Level, see Appendix C for a definition 

1
 Progress is depicted here as % of total TRL9 projects programmed in each area, and for circular regions, digitalisation, 

and non-technological aspects % of total investment needs until 2050. 
2
 It is extremely difficult to foresee future technological developments and related innovation opportunities over a 5- to 10-

y horizon. This Table outlines the foreseeable progress of each innovation area based on best available knowledge about 
technologies under development. 



 

innovative parts of installations, and OPEX for testing, including materials etc.) from TRL1 to 9, including 

first-of-a-kind demonstration plants. It also includes funding for non-technological activities. For the 

period 2020-2030 investments are estimated ŀǘ ϵ19.8 billion, of which ϵ10.1 billion are in the expected 

TRL range of Horizon Europe (i.e. TRL4 to 8) and in non-technological activities. 

Figure 2 depicts a more detailed breakdown of the technological investment needs. Note that estimates 

after 2030 are more uncertain than the estimates before 2030. The non-technological investments 

ŀƳƻǳƴǘ ǘƻ ϵоло Ƴƛƭƭƛƻƴ ǳƴǘƛƭ нлрлΦ 

  

Figure 2: Investment needs for P4PlanetΩǎ ƛƴƴƻǾŀǘƛƻƴ ǇƛǇŜƭƛƴŜ 

Figure 2 

Besides the direct investments shown in Figure 2, indirect investments are expected (e.g. in the supply 

chains to produce components, transport, etc.). Massive investments in electricity production are needed 

to reduce its carbon intensity. For full deployment across Europe additional investments are needed that 

are estimated to exceed о ǘǊƛƭƭƛƻƴ ϵ ōŀǎŜŘ ƻƴ ǘƘŜ ƭƛƳƛǘŜŘ ŀǾŀƛƭŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴΦ 

A.SPIRE members have ŎƻƛƴŜŘ ǘƘŜ ǘŜǊƳ άƳŀǊōƭŜǎέ to describe a first-of-a-kind (FOAK) large scale 

application of one or more new technologies, integrated in its value chain, deployed by the process 

industry. They indicated their intention to invest in marbles to bring them to TRL9, confirming a market 

pull for the innovations and the relevance of this roadmap.  The marbles demonstrate the impact of the 

overall P4Planet programme. The initial set of marbles identified is already covering the overall set of 

innovation areas and programs defined in the 2050 roadmap showing the coherence of the P4Planet 

roadmap with industry priorities. It will be a showcase to the society and related industries that the 

demonstrated new technological concepts are technically and economically feasible and leads to the 

expected impact at the level of climate neutrality and/or circularity.  

A supportive policy framework is essential for rapid deployment in European process industries. 

Deployment requires a market demand for the developed innovations. Governments can play a role in 

stimulating market creation. Recycling policies should incentivize higher-value applications for secondary 

materials and remove hurdles for (cross-border) recycling. A suitable policy environment should be put in 

place for the use of CO2 as a feedstock.  

The transformation will not succeed without large quantities of cost-competitive GHG emission-free 

energy as demand will surge in the process industries (as well as other sectors). Besides the energy itself, 

energy transport infrastructure (e.g. increased electricity grid capacity and hydrogen transportation 



 

infrastructure) should also be built on time. Additional infrastructure is required for waste collection, 

sorting and distribution and for CO2 transportation. 

Processes4Planet is well-positioned to make this roadmap come true. P4Planet will translate the 

innovation programmes in this roadmap into a pipeline of projects with high positive impact. It will adopt 

a holistic perspective based on needs from industry, society and other stakeholders, such as international 

organisations. P4Planet will disseminate knowledge effectively to accelerate development and 

deployment, partly through the European community of practice. By collaborating with other 

partnerships, initiatives, innovation funds and financing schemes, P4Planet will align efforts between the 

process industry, its various value chains and the energy sector to avoid duplication of efforts and ensure 

a smooth, coordinated and efficient delivery of the transition towards a climate neutral and circular 

society. 



 

2 A 2050 vision for European process industries 
Imagine our continent in 2050: Europe is climate neutral and has a highly circular economy. Products 

that once ended up in landfills are now recycled to become feedstocks for the process industries. People 

enjoy living in clean cities, and regions thrive on the many jobs and economic value created from higher 

resource efficiency. Different regions in Europe use different sustainable models to prosper without 

harming the environment. Technologies developed in Europe by and for the process industries over the 

past decades are being exported, boosting the European economy and maximising the global 

environmental benefits. 

To get there, the process industries have seen an unprecedented rate of change after 2020. Through 

research and innovation, existing processes have been significantly optimised, and new and disruptive 

processes have been developed and implemented, supported by uniform European regulations. The 

new processes, and associated deployment of vast renewable energy and hydrogen production and 

transportation infrastructure, enabled the process industries to drastically improve their environmental 

footprint and to help realise a climate neutral society. 

2.1 Towards a climate neutral and circular Europe 
 

Climate change is one of the preeminent issues of our time. The 2015 Paris agreement defined the global 

climate ambition to limit the global temperature increase to well below 2 °C (and to pursue efforts to limit 

temperature increase to 1.5 °C) above pre-industrial levels.  

The European Green Deal (European Commission, 2019)[1] is a game changer for our society at large, and for 

the European process industries in particular. It launches a new growth strategy that aims to transform the EU 

into a fair and prosperous society, improving the quality of life of current and future generations, with a modern, 

resource-efficient and competitive economy where there are no net emissions of greenhouse gases in 2050 and 

ǿƘŜǊŜ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ ƛǎ ŘŜŎƻǳǇƭŜŘ ŦǊƻƳ ǊŜǎƻǳǊŎŜ ǳǎŜΦ ¢ƘŜ 9ǳǊƻǇŜŀƴ DǊŜŜƴ 5Ŝŀƭ ǊŜŀŦŦƛǊƳǎ ǘƘŜ /ƻƳƳƛǎǎƛƻƴΩǎ 

ambition to make Europe the first climate-neutral continent by 2050. 

As part of the EU Green Deal legislative package, the « European Climate Law »[2] enshrines the EU 2050 climate-

neutrality objective in legislation: ǘƘŜ 9¦Ωǎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘ ŦƻǊ нлол ƛǎ ƛƴŎǊŜŀǎŜŘ ǘƻ ŀǘ 

least 55% compared with 1990 levels, including emissions and removals[3]. 

This European pledge combined with pledges which have been made by some countries (Canada, China, South 

Korea, South Africa, the US, Japan, etc.) or are yet to be made by other countries, should collectively ensure that 

our world remains under 2°C of temperature increase. A just distribution of the mitigation efforts between all 

regions and countries should also create a level-playing field which should help maintain the European 

competitiveness. 

The New Circular Economy Action Plan for a Cleaner and more Competitive Europe[4] outlines the upcoming 

EU initiatives to achieve its circular economy ambitions. A circular economy will contribute significantly to the 

GHG targets and has other major strategic benefits: less resource dependency, minimised resource depletion, 

increase in jobs and social integration and cohesion, etc. The Action Plan underlines the crucial role of 

innovation: « Horizon Europe will support the development of indicators and data, novel materials and 

productǎΣ ǎǳōǎǘƛǘǳǘƛƻƴ ŀƴŘ ŜƭƛƳƛƴŀǘƛƻƴ ƻŦ ƘŀȊŀǊŘƻǳǎ ǎǳōǎǘŀƴŎŜǎ ōŀǎŜŘ ƻƴ άsustainable and ǎŀŦŜ ōȅ ŘŜǎƛƎƴέ 

approach, circular business models, and new production and recycling technologies, including exploring the 

potential of chemical recycling, keeping in mind the role of digital tools to achieve circular objectives. ». 

Circularity is also about removing components which could harm human health and/or the environment from 

successive material cycles.  

In order to achieve these various objectives, an unprecedented transformation of production and consumption 

practices must be deployed at scale over less than 30 years. 
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¢ƘŜ ǊŜŎŜƴǘƭȅ ǊŜƭŜŀǎŜŘ άNew Industrial Strategy for Europeέ[5] is very clear in its ambition and in the 

recommended way forward: 

¶ ά9ƴŜǊƎȅ-ƛƴǘŜƴǎƛǾŜ ƛƴŘǳǎǘǊƛŜǎ ŀǊŜ ƛƴŘƛǎǇŜƴǎŀōƭŜ ǘƻ 9ǳǊƻǇŜΩǎ ŜŎƻƴƻƳȅ ŀƴŘ ŀǊŜ ǊŜƭƛŜŘ ƻƴ ōȅ ƻǘƘŜǊ ǎŜŎǘƻǊǎΦ 

Modernising and decarbonising[6] energy-ƛƴǘŜƴǎƛǾŜ ƛƴŘǳǎǘǊƛŜǎ Ƴǳǎǘ ǘƘŜǊŜŦƻǊŜ ōŜ ŀ ǘƻǇ ǇǊƛƻǊƛǘȅέΦ 

¶ άLƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊǎ ǎƘƻǳƭŘ ōŜ ƛƴǾƛǘŜŘ ŀƴŘ ƛƴŎŜƴǘƛǾƛǎŜŘ ǘƻ ŘŜŦƛƴŜ ǘƘŜƛǊ ƻǿƴ ǊƻŀŘƳŀǇǎ ŦƻǊ ŎƭƛƳŀǘŜ 

neutrality or digital leadership. These should be enabled by high quality research and skills and 

supported by the EU. In the co-design and entrepreneurial spirit of this strategy, this should be 

supported through Public Private Partnerships to help industry develop the technologies to meet their 

goals, as has sucŎŜǎǎŦǳƭƭȅ ōŜŜƴ ŘƻƴŜ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ŀƭƭƛŀƴŎŜǎέΦ 

 

The P4Planet Partnership is the answer to this call for action. It will be an essential tool to deliver the 

innovations we need, building on the achievements of SPIRE (the European contractual public-private 

partnership which aims to enhance resource and energy efficiency in the process industries) but representing a 

paradigm shift as it greatly raises the level of ambition by embracing the transformational objectives of the 

European Union: climate neutrality, circularity, competitiveness.  

The P4Planet Partnership is about transforming European process industries to make them circular and achieve 

overall climate neutrality at EU level by 2050, while enhancing their global competitiveness.  

It will aim at achieving 3 general objectives:  

  

1. Developing and deploying climate neutral solutions: the transition to climate neutrality can only be 

achieved if technological and non-technological carbon neutrality innovations are brought to 

readiness for subsequent deployment.  

2. Closing the energy and feedstock loops: through technological and non-technological innovations, 

cross-sectoral collaboration and engagement with the local ecosystem, process industries will develop 

and deploy sustainable circular business models and will move towards resource circularity and 

resource efficiency. 

3. Achieving a global leadership in climate neutral and circular solutions, accelerating innovation and 

unlocking public and private investment: the competitive position of the European process industries 

will be enhanced by a strong positioning as global leaders in economically attractive solutions for 

climate-neutrality and a fully circular economy and a strengthened integration in the economic fabric 

of regions and Member States. The partnership will define a reliable investment agenda for process 

industries over next 30 years, in particular for the key phase for commercial deployment of 

sustainable technologies by 2030 (i.e. between 2025 and 2030). It will also address the required 

framework conditions to generate a market for climate neutral and circular solutions and to trigger 

deployment of innovation (consistent regulatory framework, level playing field).   

[1] COM (2019) 640, The European Green Deal, 11 December 2019 

[2] Regulation of the European Parliament and of the Council establishing the framework for achieving climate 

neutrality and amending Regulation (EU) 2018/1999 

[3] /ƻƳǇŀǊŜŘ ǘƻ ŀ пл҈ ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘ ōȅ нлол ƛƴ ǘƘŜ άнлол /ƭƛƳŀǘŜ ŀƴŘ 9ƴŜǊƎȅ CǊŀƳŜǿƻǊƪέ ǊŜƭŜŀǎŜŘ ƛƴ 

2014 (Communication from the Commission, A policy framework for climate and energy in the period from 

2020 to 2030, COM/2014/015 final). 

[4] COM(2020) 98 final, A New Circular Action Plan for a cleaner and more competitive Europe, 11 March 2020 

[5] Communication from the Commission, A New Industrial Strategy for Europe, COM (2020) 102 final. 
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ǘƘƛǎ ŘƻŎǳƳŜƴǘΣ ǿŜ ǿƛƭƭ ƎƛǾŜ ǇǊŜŦŜǊŜƴŎŜ ǘƻ ǘƘŜ ǿƻǊŘƛƴƎ άǘǊŀƴǎƛǘƛƻƴ ǘƻ ŎƭƛƳŀǘŜ ƴŜǳǘǊŀƭƛǘȅέ ǿƘƛŎƘ ƛǎ ǊŜƭŜǾŀƴǘ ŦƻǊ ŀƭƭ 

process industry sectors. 

 

2.2 The important role of process industries 
 

Process industries produce the materials that are used by the manufacturing industry to make 

products. Materials like cement, steel, plastics, paper, industrial minerals, chemicals, fuels and ceramics 

are created from raw material resources (e.g. metal ore, minerals, wood, oil or gas) in energy-intensive 

processes. Some materials are the first step of a long value chain (e.g. a chemical that is used in a plastic 

that is used in a component that is used in a car) and other materials are directly used as a product (e.g. 

roof tiles, transport fuels). Manufacturing industry (especially brand owners) are increasing the pressure 

on process industry to provide CO2-neutral materials and with increasing content of secondary resources. 

The transformation of the process industries is key as they are energy intensive. The energy sector will 

undergo a massive disruption in the coming decades to decrease its GHG emissions, and this will affect all 

value chain stakeholders. Process industries account for a significant part of energy consumption and 

therefore will be an important part of this ecosystem. Process industries will need to cooperate and align 

with the energy sector to make optimal use of alternative energy resources/feedstocks and contribute to 

the transition. Process industries are essential to accelerate the energy transition, as they can offtake 

large volumes of GHG emission-free energy and thereby rapidly decrease production costs to a 

competitive level. Additionally, due to their high energy consumption, process industries can contribute 

significantly to system flexibility by shifting energy demand, thereby enabling a GHG emission-free, highly 

digitalised, and dynamic energy system. 

At the same time, process industries can close material loops while minimising/removing substances of 

concern for human health and the environment in recycled materials and products. A circular economy 

is only possible with the process industries, given their pivotal importance in the most critical value 

chains. In the transition towards more recycled, CO2-based and bio-based materials, the process 

industries play an important role as they can use these materials to replace primary resources.  

2.3 Shifting value chains 
 

Consumers increasingly demand guaranteed quality, safety, performance, and sustainability (e.g. 

labour, environmental and climate impacts) of the products they buy and of the materials used to make 

these products. Additionally, consumers are increasingly requiring customised products, and changing 

consumer behaviour (for example sharing models) is disrupting value chains and business models. 

Product manufacturers and brand owners are increasingly sensitive to the demands of their customers 

and are rethinking product design across the entire value chain in response to society and regulatory 

demands. The origin of materials and the way they are processed have become a major concern for 

brand owners. 

 

Evolving value chains and business models will meet new consumer demands. Value chains will become 

circular and more complex, connected and intertwined. In response, process industries will develop new 

activities, or cooperate (more) with existing players along the value chain, both upstream (e.g. recycling) 

and downstream (e.g. materials-as-a-service models).  

The process industries will improve the overall environmental footprint of products along the whole 

value chain through innovating their processes and materials. Process innovation will focus on 



 

developing disruptive new processes and improving existing processes to decrease the environmental 

footprint of materials, minimize pollution and evolve towards a toxic-free environment. New and 

innovative materials5 designed for a circular and climate neutral economy can contribute to sustainability 

and circularity in many ways, including a higher inherent recyclability.  

Process industries will become a more integrated part of an evolving circular value chain (see Figure 3). 

On the one hand, process industries will play a larger role in resource management (e.g. through 

recycling of resources) thereby creating new jobs and activities, boosting the value added by the process 

industries. On the other hand, process industries will work more closely with brand owners and service 

providers downstream to ensure that the materials developed by the process industries will be apt for 

the circular economy without compromising on performance. In the case of fuels, produced by refining, 

these are products going immediately to the consumer.  

 

 

Figure 3: The process industries will have an important, more integrated role in new circular and more 
sustainable value chains, working closely with manufacturing and recycling sectors 

 

New central and decentral energy value chains are paramount to process industries transformation. 

The energy system in a climate neutral Europe will shift away from fossil fuels and fossil feedstocks, and 

renewable energy as well as circular feedstocks will play a major role in energy supply (EC, 2018).  

The paradigm in the management of the power system is changing from supply side to demand side 

management of the grid, with a large buffer of energy storage. This calls on the process industries to 

regulate their electricity demand. The process industries will be more integrated in energy value chains to 

deliver this: producing new fuels (hydrogen, ammonia, methanol and others), anticipating power supply 

and other interactions. Figure 4 illustrates how the process industry can play a key role in achieving 

synergies in the European energy and materials systems.  

 

 
5 Materials produced by the process industry, enabling production of downstream products with improved functionality. Note that 
downstream products as such are not part of the P4Planet focus. 



 

 

Figure 4: EU Process Industries achieve synergies locally tailored to regional conditions (locations of the 
H4Cs are illustrative only ς these have not yet been determined). 

 

2.4 Competitive European process industries 
 

Process industries are an essential part of the European economy. Process industries are crucial 

components of numerous value chains that deliver goods and services to our society and to European 

citizens. The materials produced by the process industries ultimately aid in providing shelter and housing 

to families, transporting passengers or freight, offering comfortable working spaces, producing and 

preserving food and beverages, and producing the sophisticated devices needed in modern healthcare 

and high-tech digital world. In other words, process industries enable the life we are living. Currently the 

process industries provide about 8.5 million jobs directly and 20 million indirectly. Process industries 

continuously attract talent and incite academia to train the next generation of experts. Process industries 

have a turnover of ϵ 2 trillion/year, drive innovation, and develop solutions for societal problems. 

Focused innovation efforts will transform the European process industries. The process industries will 

adapt existing processes and develop disruptive new processes to fulfil the needs of this society in 

transition, both in the short and in the longer term. New solutions (both technical and non-technical) are 

needed. As major technological challenges are similar across process industries, increased collaboration is 

needed. Europe and its process industries can only succeed in solving the puzzles of climate change and 

circularity if they jointly define and implement ambitious research, innovation, industrial and financing 

policies enabling fast and smooth transitions.  

As many process industries compete on a global playing field, the competitiveness of these industries 

needs to be safeguarded throughout the transition. The transformation of EU process industries 

requires unprecedented levels of investments. If new technologies come at higher cost, there is a risk 

that European process industries lose their competitiveness. This needs to be avoided through an 



 

effective policy framework, but competitiveness can also be boosted by innovation and scale (e.g. driving 

down cost of process technologies or of inputs). 

 

2.5 Processes4Planet objectives and ambitions for the 2050 process industries  
 

Innovation will enable the European process industries to keep playing a pivotal role in the transition 
towards a prosperous, climate neutral, and circular European society. P4Planet is committed to deliver 
the necessary technological and non-technological innovations.  

As extensively explained in the P4Planet Guidance Document, Processes4Planet addresses three 
interlinked problems that are specific to the process industries: 

 

¶ High impact on climate: process industries are today large CO2 point source emitters and 

face major technology and economical gaps to achieve the 2050 target of overall climate 

neutrality; 

¶ Linear business models: process industries use large amounts of primary material and energy 

resources; closing the material loops is not in many cases yet technically and/or economically 

feasible at scale; 

¶ Global competition and level of investment: European process industries are highly exposed 

to global competition. Massive investments are needed in a very short period of time 

(compared to traditional investment cycles of process industries). 

 

For each of these 3 key problems, a General Objective (qualitative/semi-quantitative) and an 

Ambition (quantitative target) were defined.  

{ƛƳƛƭŀǊƭȅΣ ŀǘ ŀ ƳƻǊŜ ƎǊŀƴǳƭŀǊ ƭŜǾŜƭΣ tпtƭŀƴŜǘΩǎ specific objectives were adopted to address one or 

several of the problem drivers which are today at the source of the 3 identified critical problems. 

Figure 5 presents the 3 key problems, the general objectives and ambitions as well as the specific 

objectives of the partnership (addressing one or several problem drivers). 

 

  



 

Figure 5: The 3 key problems, the general objectives and ambitions as well as the specific objectives of the 

partnership (addressing one or several problem drivers) 

 

More explanations are given below for each of the three tпtƭŀƴŜǘΩǎ ŀƳōƛǘƛƻƴǎΦ 

 

Climate Neutrality 
 
Towards climate 
neutrality in 2050 

Process industries as frontrunners in a transition which sustains quality of 

life for all   

The process industries are critical to deliver on ambitious climate objectives 
while sustaining (and wherever possible) enhancing quality of life for all 
citizens. 

Reaching the European climate ambitions will not be feasible without the 
disruptive transition of the process industries that P4Planet aims to foster, 
as they are today a significant contributor to greenhouse gas emissions. 
Process industries will also be, due to the extent of their energy 
consumption, a critical enabler for a fast, large scale and cost competitive 
deployment of climate-neutral energy and energy carriers (for instance 
green hydrogen) in Europe. They can also contribute to smoothing out grid 
fluctuations resulting from the integration of renewables. 

The innovative process technologies developed by Processes4Planet 
supported by an appropriate regulatory and investment framework will 



 

enable an economically competitive production of climate-neutral products 
that will be needed to sustain the delivery of day-to-day services enhancing 
the quality of life of citizens.  

Circularity of 
Resources  
 

Near-zero 
landfilling 
and near-zero 
water discharge in 
2050 

Closing the loops of water reuse and from waste to resources  

 

Our society must achieve a paradigm shift in the way resources are being 
managed and used. Waste generation must be minimised beginning with 
the design stage of materials and products. Disposal of re-usable wastes 
must disappear as waste flows from municipalities and industries are 
collected better, sorted better and processed in an innovative way to fulfil 
the specifications of resources needed for the production of new 
marketable materials and goods.  The use of captured CO2 and an effective 
management of water resources are also essential components of the 
circular business models of the future. 
 
It is also crucial to move towards toxic-free material cycles and clean 

recycling by ensuring that substances of concern in products and recycled 

materials are minimised6. 

The Process Industries are again crucial to deploy a circular economy at 

scale and to deliver on EU ambitions in this area due to their resource- and 

energy-intensive nature. They can only achieve this change if robust and 

novel collaboration models are permanently established across industrial 

sectors, across value chains and with regions, living labs, municipalities and 

citizens in addition to the technology developments required.   

Competitive 
Process Industries 
 
The innovations 
contribute to the 
9¦Ωǎ ǇǊƻŎŜǎǎ 
ƛƴŘǳǎǘǊȅΩǎ D±! 
grows quicker than 
the EU GDP 

A thriving industry providing quality jobs for all industry workers 

 

Innovative process technologies are essential to sustain the 
competitiveness of European process industries in their transition towards 
fully sustainable business models. Flourishing process industries support 
(new) skills development and provides (new) quality jobs for industry 
workers at all qualification levels in Europe. An industry leading in 
technological innovation can efficiently deploy sustainable processes 
around the world, contributing to the achievement of global emissions 
reduction objectives. 

 

Disclaimer: In the case of the refining sector, the major contribution towards the EU climate and circular goals 

will come from the CO2eq savings achieved in the use phase as a result of the substitution of oil by alternative 

feedstocks and wastes in the refineries, producing fuels with potentially net zero GHG emissions when used in 

the transport sector. 

The extent and the pace of the transformation are pushing the limits of human knowledge and our 

ability to deploy innovations. Three decades remain to achieve the transformation, but many production 

assets have lifetimes of 20 to 50 years or more. This means that there is a risk for lock-in if technologies 

are not yet available at the time of re-investments. To avoid this lock-in, technological development 

 
6 COM(2020) 667 final Chemicals Strategy for Sustainability  Towards a Toxic-Free Environment 

 



 

should happen as quickly as possible. Integration of process industries within the new value chains and a 

low-carbon energy system poses additional challenges. The changes to the sites, infrastructure, value 

chains and business models may take decades, so it is key to accelerate as much as possible, starting 

now. 

Digitalisation and regional hubs for circularity will serve as accelerators for the transformation. 

Digitalisation will enable the fast development of new materials and processes and of industrial-urban 

symbiosis and make a major contribution to improving the energy and resource efficiency of plants and 

value chains. To strengthen their global competitiveness in a turbulent economic environment and the 

transition into a climate neutral and zero-waste economy, process industries must reap the full benefits 

of what digital technologies have to offer today. Hubs for circularity (H4C) bring together local 

stakeholders to jointly find regional synergies and accelerate the transition by implementing 

technologies. These hubs can address the local non-technological barriers and meet local societal needs 

to make sure that the technological innovations gain societal awareness and acceptance. 

Figure 6 summarises P4PlanetΩǎ Ǿƛǎƛƻƴ ƻŦ Ƙƻǿ ǘƻ achieve the required transformation of process 

industries. Industrial-urban symbiosis, process innovation, digitalisation and non-technological aspects 

are key to transform the process industries. Process innovation includes innovation in the fields of 

electrification, energy mix and hydrogen, capture and use of CO2 and CO, and resource flexibility. 

Industrial symbiosis, digitalisation and the non-technological aspects (e.g. new business models) support 

and accelerate the transformation and embed the redesigned process industries in a circular and climate 

neutral society.  

 

 

Figure 6: How P4Planet will achieve its ambitions7 

 

2.6 How to read this roadmap 
 

The next chapter explains the need for cross-sectorial innovation. It presents the current status of the 

process industries concerning GHG emissions and waste, explains the innovation needs to meet the 

ambitions and describes how these relate to the various sectors. Chapter 3 also details the concept of 

H4C and describes how P4Planet fits in the EU innovation landscape. 

Chapter 4 presents how P4Planet aims to deliver the required innovation. 14 innovation areas are 

presented, and the chapter explains how the innovation programmes in each area interrelate and enable 

each other. In Appendix A the 36 innovation programmes are further detailed.  

Chapter 5 synthesizes the innovation programmes. It presents the impacts from the innovation 

programmes towards meeting the three ambitions, the key milestones of the roadmap and the 

 
7 A definition for climate neutrality can include emissions and removals of all GHGs across the entire value chain as well as other climate 
impacts and may consider the remaining carbon budget. This roadmap focuses on deep CO2 emissions reductions in the process industry 
in 2050. 



 

investments that are needed to realize the portfolio of innovations. Furthermore, it stresses the benefits 

of P4Planet and define the boundary conditions for the roadmapΩǎ ǎǳŎŎŜǎǎ. 



 

3 The need for cross-sectorial innovation 
This chapter describes the landscape in which the Processes4Planet sectors operate and shows the 

rationale for the cross-sectorial approach to innovation. Section 3.1 explores the challenge of the 

P4Planet sectors in the context of climate change and waste. This forms the basis for the innovation 

needs, described in Section 3.2 in general terms. The sector-specific innovation needs are presented in 

Section 3.3 for all P4Planet sectors. Section 3.4 focusses on the cross-sectorial dimension by introducing 

the Hubs for Circularity. Finally, Section 3.5 describes how P4Planet interacts with other stakeholders in 

the EU innovation landscape.  

3.1 The status quo of Processes4Planet sectors 
This section explores the current position of the P4Planet sectors related to GHG emissions and waste 

and highlights the overarching challenges.  

  Greenhouse gas emissions 
This roadmap focuses on CO2 as this is the predominant GHG. Other GHG emissions (such as CH4 and 

N2O) are considered sector-specific and have therefore not been considered within the scope of this 

roadmap. 

The P4Planet sectors collectively account for around 473 MtCO2 of direct emissions8 in the EU, 145 

MtCO2 of process emissions and 131 MtCO2 of emissions from purchased electricity (see Figure 7). 

Together, these 749 MtCO2 equate to about 17.3% of total EU emissions (i.e. 4,333 MtCO2) (EEA, 2019). 

Direct emissions are related to fossil fuel combustion, process emissions are directly related to the 

process. It must be mentioned that e.g. the chemical industry is a combination of thousands of processes 

of which a few as ammonia & ethylene production are responsible for relative high CO2 emissions.   

 

Figure 7: Breakdown of current direct and electricity CO2 emissions of the P4Planet sectors 

 

 

 
8 Emission figures in this report always refer to emissions per year, unless stated otherwise 



 

The accounting of GHG emissions of industrial sectors can be complex and different boundaries are taken 

to calculate sector emissions depending on the purpose of the analysis. For example, self-generated 

electricity can be considered part of the industrial sector or part of the power sector. For this reason, 

statistics from different sources differ. In the numbers presented here, data from the sector associations 

is used to the extent possible, and complemented with data from Eurostat and EEA, as well as other 

studies if needed. Process-related emissions are included in fossil fuel combustion emissions in this 

overview. Electricity-related emissions are calculated using electricity consumption and the EU grid 

average emissions per kWh. The detailed approach is presented in Appendix E . 

Besides the direct emissions and emissions from electricity generation, the process industries have an 
important downstream GHG emissions impact. For example, emissions may arise from downstream 
processing, or from end-of life treatment. On the other hand, products made from materials of the 
process industry can also avoid emissions downstream. For example, plastic foams used as insulation 
material in buildings can reduce energy consumption and associated emissions. The replacement of fossil 
feedstocks by alternative solutions (e.g. bio-origin or CO2) could have a significant impact on reducing 
emissions in the transport sector. 

 

  Waste 
Figure 8a represent the materials flows of the P4Planet feedstocks in general in EU-27 with attention to 

recycling, incineration, landfilling, etc. 

Figure 8b represents the total amount of waste generated by process industries, by category.  

 

 

Figure 8a: Material flows of the largest P4Planet feedstock flows in the EU-27 

 

 

1610      

  210 

2930 

  570 

100 

1100 

200 

130      

100 

270 

  570 

100 

1100 

1220 

      

 

1350 

  570 

100 

1100 

140 

  80 

460 

      

 

1350 

  570 

100 

 

 

670 

  10 

      

 

1350 

  570 

100 

1100  

 

210 

     

      

 

1350 

  570 

Legend: million tons 

Feedstock flows in EU-27 (2017, Eurostat) 

  140 

  320 

2230    

    30 

     

      

 

1350 

  570 

1800  

  460 

3030 

1570   

    30 

     

      

 

1350 

  570 

100 

1100 

    70  

   

    10 

    20   

    30 

     

      

 

1350 

  570 

100 

    240  

      90    

1350    

    60     

      

 












































































































































































































































































































































































































































































