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Abstract 

The cement industry is a building block of modern society, and currently responsible for 
around 7% of global and 4% of EU CO2 emissions. While facing global competition and a 
challenging business environment, the EU cement sector needs to decarbonise its 
production processes to comply with the EU’s ambitious 2030 and 2050 climate targets. 
This report provides a snapshot of the current cement production landscape and discusses 
future technologies that are being explored by the sector to decarbonise its processes, 
describing the transformational change the industry faces. This report compiles the current 
projects and announcements to deploy breakthrough technologies, which do require high 
capital investments. However, with 2050 just one investment cycle away, the sector needs 
to commercialise new low-CO2 technologies this decade to avoid the risk of stranded 
assets. As Portland cement production is highly CO2-intensive and EU plants are already 
operating close to optimum efficiency, the industry appears to be focussing on carbon 
capture storage and utilisation technologies - while breakthroughs in alternative 
chemistries are still being explored - to reduce emissions. While the EU has played an 
important role in supporting early stage R&D for these technologies, it is now striving to fill 
the funding gap for the commercialisation of breakthrough technologies. The recent 
momentum towards CO2-free cement provides the EU with the opportunity to be a 
frontrunner in creating markets for green cement. 
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Executive summary 

Cement is an industry poised to decarbonise its production process for the EU to reach carbon neutrality 
by 2050. The aim of this report is to take the stock of past and ongoing developments in the EU cement 
ecosystem, with a focus on technology development and alternative options towards decarbonisation. To 
this end, this report collects and makes sense of literature describing technologies and options applicable 
in the cement industry: roadmaps and technology pathways give directions that the industry is expected 
to follow; research projects provide snapshots of technology development; ongoing demonstration 
projects and investments by cement producers hint at closeness to commercialisation. Further (public and 
corporate) funding and pledges towards decarbonisation demonstrate joint ambitions in the transition of 
this energy and CO2-intensive industry towards sustainability. 

Policy context 

The EU has set clear ambitions for decarbonisation, with a target to reduce GHG emissions by at least 
55% by 2030, supported by the comprehensive Fit-for-55 legislation package, and the long-term 
objective to become the first climate-neutral continent by 2050, set out in the European Green Deal 
policy initiatives and anchored by the European Climate Law. In order to reach these goals, EU industry, 
including the cement sector, will need to transform its current highly CO2-intensive processes. 

Besides policies aimed at decreasing pollution or at improving energy efficiency and competitiveness, the 
EU climate policy is a key driver of innovation. Its main instrument, the EU Emissions Trading System 
(ETS), aims to constrain CO2 emissions within the EU. The Carbon Border Adjustment Mechanism (CBAM) 
will complement the ETS by equalising the carbon cost of imported goods into the EU with the carbon 
costs incurred in the EU under the ETS. CBAM makes free allocations under the ETS unnecessary, and 
thus reinforces the impact of the ETS’s CO2 capping and price. Lastly, incomes generated by the ETS will 
be geared towards compensating for the incurred costs: the innovation fund, one of the world’s largest 
funding programmes, is expected to stimulate innovation in low carbon technologies by supporting the 
demonstration of decarbonisation technologies. 

Main findings 

Emissions of the cement industry are linked to the current production process: in the EU, about 60% of 
cement emissions stem from the calcination of limestone into calcium oxide; about 30% stem from the 
need for heat to power thermal processes; and the rest (approx. 10%) are emissions linked to electricity 
consumption. This observation provides avenues for addressing emissions, now and in the future, building 
on ongoing trends: 

 Linked to fuel prices, several options aiming at process efficiency are already largely deployed: 
efficient kiln technology is now the norm, challenging the case for waste heat recovery; 

 Emissions linked to the production of calcium oxide are the new focal point, with ongoing efforts 
aimed at reducing CaO content in cement or at sourcing oxides in less CO2-intensive ways; 

 With the potential of addressing all CO2 emissions irrespective of their origins, carbon capture, 
utilisation and storage (CCUS) is now gaining momentum, with research funding and 
demonstration projects multiplying. 

Key conclusions 

In the absence of a single dominant technology for the decarbonisation of the cement industry, all 
options remain of importance. This is especially true of the cement industry, which is local in nature, and 
for which solutions may well be site-dependent. Hence the need for the present study, examining the 
trends, research and technology developments of the industry. 



 

3 

Related and future JRC work 

Publication JRC120570, ‘Deep decarbonisation of industry: The cement sector’, analysed decarbonisation 
scenarios affecting the cement industry towards 2050. While carbon capture and storage is deemed 
unavoidable for deep decarbonisation due to the process emissions inherent to cement making, other 
decarbonisation options (e.g. electrification, higher use of biomass, circularity) are nonetheless expected 
to contribute to the decarbonisation ambition of the cement industry with their mitigation potential. 

Detailed analysis of pledges by EU cement manufacturers and of their announcements for upcoming 
facilities for the production of decarbonised cement will provide an updated and refined prospect on 
technologies that are close to the market. The techno-economic impact of these relevant technologies 
(regarding decarbonisation, cement price and EU competitiveness) will be key in determining the scale of 
their future deployment and the manner in which the EU cement industry will contribute to the 
overarching decarbonisation objectives of the EU. 
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1 Introduction 

The cement industry is key to the EU economy, producing a material that is crucial to EU’s 
construction sector. However, the industry is also a major CO2 emitter, responsible for some 
4% of the EU’s total CO2 emissions. These emissions are inherent to the cement production 
process and hard to abate. The EU has enshrined ambitious targets to reduce emissions by 
55% by 2030 and to become the first climate-neutral continent by 2050 in the European 
Climate Law [European Commission, 2021f]. This gives the sector the difficult task of 
aligning its production with the EU’s climate targets while remaining competitive in a 
challenging global business environment. 

Portland cement represents over 80% of EU27 cement production [European Commission, 
2018]. It is currently made by calcining limestone (calcium carbonates) and sintering the 
resulting calcium oxide at high temperature with silicates from clay and quartz; the 
resulting clinker is then ground with additives producing a fine and reactive powder 
principally made of calcium silicates. CO2 emissions are an inevitable product of this 
process. Integrated cement plants combine mills and dryers for raw material pre-
processing, kilns for thermal processes (calcination and sintering), coolers and mills for the 
post-processing of clinker. These components operate in highly optimised and 
interconnected energy and materials streams. EU integrated plants are already among the 
most efficient worldwide, operating close to optimal thermodynamic levels, and there is 
little scope to reduce further CO2 emissions. 

A number of studies, from the private sector and institutional organisations [Agora 
Energiewende and Wuppertal Institute, 2021; Cembureau, 2020c; Chatham House, 2018; 
ECRA, 2016; ECRA & WBCSD/CSI, 2017; ETC, 2018; ISAL, 2021; ETH, 2018; IEA & WBCSD-
CSI, 2018; NewClimate, 2020], have shown that fundamental changes are necessary to the 
cement production process, through breakthrough technologies, if emissions are to be 
brought in line with the 2050 greenhouse gases (GHG) reduction target. This involves 
changes in the cement industry’s production processes and an increased sense of urgency. 
Due to the cement industry’s long-lasting capital assets, 2050 is just one investment cycle 
away. Investment decisions made in the next decade will need to be aligned with the EU’s 
climate targets if the industry is to avoid the risk of stranded assets or locking in CO2 
emissions beyond 2050. This need for action is reflected not only in the European 
Commission’s update to the 2020 Industrial Strategy [European Commission, 2021a] but 
also in assessments by the cement industry [Cembureau, 2020c]. 

This report provides a snapshot of the current status of the cement sector and presents the 
main (technological) options that are being developed by EU cement producers to 
decarbonise cement production. While the European industry already largely optimised the 
thermal efficiency of its production process and is currently striving to diversify its sourcing 
of energy favouring carbon-neutral bioenergy, Carbon Capture, Utilisation and Storage 
(CCUS) is emerging as a viable option for addressing the industry’s emissions. Significant 
investments are being made to push technological development towards demonstration 
phase. Further, research is ongoing for developing alternatives to the current industry 
standard. Efforts are ongoing towards the production of Portland cement with alternative 
routes and towards the production of alternatives to Portland cement. These two 
approaches do see investments coming-in. 

This report also summarizes the financial support mobilised by the EU towards the cement 
industry: In addition to established funding for R&D projects, innovation fund and projects 
of common interest provide the means for pilot and demonstration projects. 



 

6 

2 The cement decarbonisation challenge 

Cement is an important material, both for today’s society and for tomorrow’s low-carbon 
economy. However, the European cement industry has been struggling in the face of rising 
global capacity, decreasing internal demand and most recently, a global pandemic and 
surging fuel prices. At the same time, deep reductions of emissions are needed from a 
sector that is one of the biggest industrial emitters of CO2. The EU’s policies have in the 
past not been sufficient to incentivise deep decarbonisation of the industry. However, 
recent policy momentum in the EU (EU’s Industrial Strategy [European Commission, 2020b] 
and its update [European Commission, 2021a]) has put the spotlight on energy intensive 
industries, which are poised to further incorporate low-CO2 technologies. 

2.1 Cement’s importance in the EU economy 

The European cement industry underpins a significant share of the EU economy. According 
to Eurostat, the sector directly employed over 36 000 people and created some 
EUR 4 billion of direct Gross Value Added (GVA) in EU27 in 2019 [Eurostat, 2021] or 
35 176 people in EU28 in 2020 [Cembureau, 2020]. Taking into account the indirect impact 
of the industry through the activities supported by the sector’s EU supply chains, the 
cement sector can be linked to a further 13 million jobs and 10% of EU’s Gross Domestic 
Product [Cembureau, 2020c]. The cement sector has a footprint in many Member States, 
via the cement-producing sites and its downstream value chains. 

Figure 1 cement sector (NACE 24.1) direct employment and Gross Value Added (GVA) per EU Member State, 2018 

 
Source: JRC based on Eurostat 

0

400,000

800,000

1,200,000

1,600,000

0

4,000

8,000

12,000

16,000

G
V

A
 (

th
o
u
sa

n
d
 E

U
R
)

P
er

so
n
s 

em
pl

o
ye

d

Employement GVA



 

7 

Figure 2 Number of cement integrated plants, kilns and production across EU Member State, 2022 

 
Source: JRC based on [GCD, 2022] 
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This challenge in competitiveness is a drive towards innovation which then also supports 
other policy goals such as environmental sustainability, energy security and resilience. 

2.2 The climate and environmental urgency 

The cement industry is one of the biggest industrial emitters of CO2. Globally, the sector is 
responsible for around 2.5 GtCO2 emissions in 2020 [GCCA, 2021], or 7.1% of the 35 Gt 
global CO2 emissions that year [Global Carbon Project, 2022]. In the EU27, the cement 
production led to 110 MtCO2 emissions, 8.2% of all the emissions reported through the ETS 
[European Environmental Agency, 2022] and about 4% of all of the EU27 CO2 emissions. 
Together with the iron and steel sector, the cement sector has the highest total CO2 
emissions of all energy-intensive industries. 

Figure 3 Share (%) of verified emissions in EU27 industry sectors in t CO2 equivalent reported under ETS, 2021 

 
Source: JRC based on [EEA, 2022] 
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emissions, missing out on CO2 infrastructures for carbon capture or even stranding assets. 
For the cement industry to successfully transition towards net-zero by 2050, decisions on 
investments will need to be made in the next decade and will need to be aligned with the 
strategies to decarbonise the sector. Estimates calculate that by 2030, about 30% of 
today’s cement production plants will reach the end of their lifetimes [Agora Energiewende 
and Wuppertal Institute, 2021]. Reinvestments into the current CO2-intensive production 
pathway risks locking in emissions until 2050 and beyond, or creating future stranded 
assets.  

2.3 The policy context 

The EU has set clear ambitions for decarbonisation, with a target to reduce GHG emissions 
by at least 55% by 2030, supported by the comprehensive Fit for 55 legislation package, 
and the long-term objective to become the first climate-neutral continent by 2050, set out 
in the European Green Deal policy initiatives and anchored by the European Climate Law 
[European Parliament and Council of the EU, 2021]. For these goals to be reached, the EU’s 
industry, including the cement sector, will need to transform its current highly CO2-intensive 
processes. The Commission’s 2020 Industrial Strategy and its 2021 update highlights the 
need to further accelerate the green and digital transition of Europe’s industry and increase 
the resilience of EU industrial ecosystems. Building on the High-Level Group on Energy-
Intensive Industries “Masterplan for a competitive transformation of EU energy-intensive 
industries enabling a climate-neutral, circular economy by 2050” [HLG EII, 2019], several 
actions have been launched to accelerate the transformation of EU industries. These 
include the European Research Alliance (ERA) Common Industrial Technologies Roadmaps, 
launched in 2020 in the New ERA Strategy [European Commission, 2020d]; and the co-
creation of a transition pathway for the energy-intensive industries ecosystem, in 
partnership with industry, public authorities, social partners and other stakeholders, 
[European Commission, 2021d]. One of these roadmap, the Industrial Technology Roadmap 
for Low Carbon Technologies in Energy-Intensive Industry, identifies technological options 
for the decarbonisation of industries and the means for their prioritisation, for their support 
and for their prompt implementation [European Commission, 2022a]. This endeavour is 
especially important for the cement industry, in which companies show a low R&D intensity 
[Grassano et al., 2022].]. 

Besides Research and Development, aimed at technological innovation and 
competitiveness, other policies are at play in the cement industry [European Commission, 
2018]: A key policy mechanism for reducing industry’s emissions is the EU Emissions 
Trading System (ETS). As a consequence of the EU’s increased emissions reduction 
ambition, the emissions reduction target for ETS sectors, including the cement industry, has 
increased to 61% by 2030 vs 2005 in the proposed revision of the ETS directive [European 
Commission, 2021b]. Historically, the cement sector and other energy-intensive industries 
have been shielded from the full carbon price in the ETS via free allocation of emission 
allowances. While this has effectively protected the industry from carbon leakage risks, it 
reduced the incentive, introduced by the carbon pricing, for a transition to climate-neutral 
technologies [Stede et al., 2021].  

Investments in low-carbon technologies have in the past been further economically 
disincentivised by the low and volatile carbon price in the ETS. The average price in 2020 of 
25 EUR/tCO2 [ICAP, 2021] was still far below the current indicative breakeven costs of zero-
carbon technologies [Sartor & Bataille, 2019]. In 2022, however, ETS prices have soared, 
climbing close to 100 €/tCO2 in August (i.e. reaching the same order of magnitude than the 
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cost of cement without carbon pricing). The free allocation of allowances currently means 
that CO2 emitters are facing a much lower effective carbon rate and are still largely 
shielded from this surge in CO2 prices, weakening the price signal that would incentivise 
investments in deep CO2 reduction measures. 

Figure 4 EU ETS price 

 
Source: JRC based on [Ember, 2022] 
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achieved by a reduction of 7 Million tonnes of oil equivalent (Mtoe) in energy consumption 
in industry, complemented by an increase in Renewable Energy Sources (RES) and hydrogen 
use, also in industry. [European Commission, 2022c]. Worth noting that the EU27 

cement industry hardly relies on natural gas, while coal represents 18% of its 

fuel for thermal energy [GCCA, 2019, also developed in section 4.2]. The cement industry 
contribution to the foreseen reduction in natural gas in the “Non-metallic minerals” sector is 
likely to remain marginal. 

Further, the 2010 Industrial Emission Directive strives to protect human health and the 
environment from harmful industrial emissions across the EU. In order to reduce industrial 
emissions, the European Commission issues, as Implementing Decisions, the Best Available 
Techniques (BAT) in certain industries and the associated environmental performance of 
these techniques. These values then become the references for setting permit conditions of 
industrial facilities. In the case of cement, the Best Available Techniques Reference 
Document (BREF) and its conclusions were issued in 2013 [European Commission, 2013; 
European Commission, 2013b]. 
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3 The cement sector today 

To understand the decarbonisation challenges faced by the European cement industry, it is 
first important to understand how cement is currently made, both in the EU and globally. 
Cement is a mix of clinker and additives which serves as a binder. Clinker is the principal 
reactant while additives, historically in limited quantities, enhance cement characteristics. 
Clinker is the result of several thermal processes, including the calcination of limestone. 
This chemical reaction decomposes limestone calcium carbonates, thereby releasing 
significant and inevitable amount of CO2. Other CO2 emissions are the result of the 
combustion of fuels for powering the thermal processes. About 90% of EU cement plants 
already rely on the efficient dry thermal processes, making the scope for further CO2 
emission reductions limited. 

3.1 How cement is currently made 

Cement is a binder which, when it sets/hardens, aggregates and locks sand (eventually with 
stones) in a solid structure (i.e. mortar or concrete). Cement can be hydraulic (i.e. hardening 
and gaining strength when mixed with water) or non-hydraulic (i.e. hardening through other 
processes, such as carbonation with carbon dioxide). Due to restrictions in casting (i.e. slow 
hardening) and use (i.e. dry environment) the latter remains marginal and is not discussed 
in this report. 

Among the hydraulic cements, three types are currently standardised in Europe: 

— [EN 197-1, 2011] and [EN 197-5, 2021] provide specifications for (27 + five distinct) 
common cements. Depending on their Portland clinker content and additives (Blast 
furnace slag, Silica fume, Pozzolana, Fly ash, Burnt shale, Limestone), cements can be 
classified into:  

● CEM I Portland cement, with at least 95% clinker;  

● CEM II Portland-composite cement, of which between 65 and 94% weight is made of clinker; 

● CEM III Blast furnace cement, with between 5 to 64% weight in clinker; 

● CEM IV Pozzolanic cement, with between 45 to 89% weight in clinker; 

● CEM V Composite cement, with between 20 to 64% weight in clinker. 

— [EN 14647, 2005] refers to calcium aluminate cements or aluminous cements, 
composed almost exclusively of calcium aluminate clinker; 

— [EN 15743, 2015] is about supersulfated cements (SSC), which may contain up to 5% 
of Portland clinker and at least 75% of Granulated blast furnace slag. 

The standards provide details on the composition of the various cements. As indicated 
above, all cements rely on clinker, though in different proportions: from about 5% of 
Portland clinker for supersulfated cements to more than 99.8% of calcium aluminate 
clinker for calcium aluminate cements. The clinker composition also varies: Portland clinker 
contains at least two-thirds by mass of calcium silicates (3CaO⋅SiO2 and 2CaO⋅SiO2) 
[EN 197-1, 2011; EN 15743, 2015], while calcium aluminate cement contains between 35% 
and 58% of alumina and monocalcium aluminate is the main phase [EN 14647, 2005]. 

While the production of Portland clinker and Portland cement is well documented, 
information related to calcium aluminate cement is scarce, supporting the idea of a small 
market as per the trades of this product (Figure 14). Depending on the purity of calcium 
aluminate expected, production may take place through sintering in a kiln, similarly to 
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Portland clinker, or through fusion [Stinnessen et al., (n.d.); USITC, 1994; Zapata et al., 
2022]. 

Table 1 Overview of EU facilities producing calcium aluminate cements 

Country Company Plant Presence 

of kiln 

Standardised along 

EN 14647 

Croatia Calucem (Cementos 
Molins) (1) 

Pula  Yes 

France Imerys (2) Dunkerque  Yes 

France Imerys (3) Fos-sur-mer  Yes 

Netherlands Almatis (4) Botlek   

Poland Gorka (Mapei) (5) Trzebinia Yes Yes 

Spain Cementos Molins (6) Sant Vincenç dels Horts 
Plant 

Yes Yes 

(1) https://calucem.com/products/istra-types/ and https://calucem.com/products/lumnite-refcon/ 
(2) https://www.imerys.com/public/2022-03/imerys-business-documentation-declaration-of-performance-ciment-fondu-dk-14-january-2022.pdf  
(3) https://www.imerys.com/public/2022-03/imerys-business-documentation-declaration-des-performances-ciment-fondu-fos-14-janvier-2022.pdf 
(4) https://www.almatis.com/about/our-production-facilities/#Rotterdam,%20The%20Netherlands%20(Almatis%20B.V.) and 
https://www.almatis.com/media/swnhajyv/gp-rcp_005_cac_0516.pdf 
(5) http://www.gorka.com.pl/pdf/en/g40_cert_en.pdf 
(6) https://www.cmi.cemolins.es/uploads/media//E1-CMI/5201_Fichas-de-producto/Electroland/Ficha-Producto/Ficha_producto_ELECTROLAND_ES.pdf 

Source: JRC based on company announcements 

Regarding Portland clinker, calcium silicates (alite and belite, major phases) and calcium 
aluminates (tricalcium aluminate, and tetracalcium aluminoferrite, minor phases) are the 
result of the calcination of calcium carbonates into calcium oxide and its subsequent 
sintering with a source of alumina-silicate, such as clays. These processes and clinker 
production take place in an oven, called kiln, within a plant called “integrated”. “Integrated” 
plants extend the production of clinker with the production of cement through the grinding 
of cement constituents (clinker, additives and substitutes to clinker). 

Large quantities of limestone are needed to produce the (intermediate) calcium oxide and 
then the cementitious phases. Integrated plants are then located close to limestone 
quarries, to minimise the cost of transport of this prominent raw material [European 
Commission, 2013b]. Limestone and other raw materials [quartz (Si02), clay minerals (Si02-
Al203-H20) and iron oxide (Fe203)] are then crushed and ground finely. Once ground, the raw 
materials are dried and preheated to reduce their water content. Activation of the silicates 
through the removal of water and changes in the crystal structure takes place up to a 
temperature of about 700°C. Calcination, decomposing limestone’s calcium carbonates in 
calcium oxide, and the initial combination of the alumina, ferric oxide and activated silica 
with lime take place within the temperature range between 700 and 900°C. Calcium oxide, 
alumina silicates and silicon oxide are then sintered at high temperature in a cement kiln, 
thereby producing clinker: From 900 to 1200°C, belite forms. Above 1250°C and more 
particularly above 1300°C, the liquid phase appears and this promotes the reaction 
between belite and free lime to form alite. The cooling of clinker serves the purposes of 
fixing the mineralogical composition of clinker and pre-heating the air needed for the fuel 
combustion in the kiln. In integrated plants, the cooled clinker is then ground with gypsum 
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to form Ordinary Portland Cement (OPC) and/or with other minerals for producing other 
types of cement (such as CEM II to CEM V). However clinker can also be transported to 
other locations, closer to customers, where only this grinding step will take place. 

Technology evolved over the years, yielding to different architectures for the above 
mentioned steps (heating, calcination, sintering and cooling). In all cases, the sintering of 
raw materials at high temperatures, with materials reaching around 1450°C, takes place in 
rotating furnaces (kilns): Kilns are made of steel lined with refractory brick (allowing for the 
combustion gases to reach 2000°C), have a horizontal layout with a slight slope (2.5 to 4%) 
and turn at about 0.5 to 5.0 revolutions per minute. Clinker produced through this sintering 
is then air-cooled. Different cooler geometry are available, best described by the 
movement of clinker through the cooling process: Rotating coolers operate like kilns, mixing 
clinker and air through a spiralling motion; grate coolers move clinker horizontally while air 
flows vertically through the layer of clinker; vertical coolers let clinker fall through a heat 
exchanger while air flows in horizontal pipes. 

Initially, the drying (depending on raw materials used), preheating and calcination steps 
also took place in wet or long dry rotary kilns. This allows removing humidity in raw meal 
(materials fed into the kiln) and raising raw meal temperature for thermal reactions, such 
as calcination, to take place, with the double effect of cooling down exhaust gases. For 
efficiency purposes (see Table 2 below) these architectures tend to disappear. A more 
efficient way to recover the heat of the combustion gases implies a preheater tower, 
consisting of a series of vertical cyclone chambers. Before each chamber, hot gases are 
mixed with cold clinker. Both swirl through the cyclone chamber, efficiently exchanging 
heat. While the (cooler) gas exits at the top of the cyclone chamber, the (warmer) clinker 
exits at the bottom. The process repeats itself with gases cooling down as they go up and 
clinker heating-up as it goes down. Such “counter” flow motion allows for the drying of raw 
materials in top cyclones and its pre-heating in the bottom ones. With kiln exhaust gases 
reaching 1100°C, raw meal temperature increases up to 850°C. At this temperature raw 
meals calcium carbonates is already partially calcined. The addition of a combustion 
chamber between the preheater tower and the kiln (a pre-calciner) increases raw meal’s 
calcination rate, further shortening the length of the kiln and increasing production rate. 
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Figure 5 Rotary kiln technologies and functional zones 

 
Source: JRC based on [Van Oss & Padovani, 2008] 

Table 2 Specific thermal energy demand by technology 

Technology Specific thermal energy demand 

  MJ/t clinker (1) 

Weighted average 

MJ/t clinker (2) 

Dry kiln with preheater and pre-calciner 3 000 < 4 000 3 515 

Dry kiln with preheater without pre-calciner 3 100 to 4 200 3 700 

Semi-wet/semi dry process 3 300 to 5 400 3 918 

Dry kiln without preheater (long dry kiln) Up to 5 000 3 570 (3) 

Wet process 5 000 to 6 400 5 512 

Shaft kilns 
3 100 to 6 500 and 

higher n.a. 

(3) Excluding the energy needed for drying the fuels 

Source: JRC based on (1) [European Commission, 2013b] & (2) [GCCA, 2019] 

3.2 Where cement is made - in the world and in the EU 

3.2.1 Cement production in the world and in the EU 

Cement is one of building blocks of modern industrialised society, and one of very few 
materials whose production is measured in billions of tonnes. Global cement production is 
ever-increasing, and has more than doubled in the last 20 years. The story of cement 
production in recent decades has been marked by an explosion of production in China. In 
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1999, China was producing 36% of the world’s cement; in 2019 it was responsible for 55%, 
or 2.3 billion tonnes, of the world’s total cement production (Figure 6). In the same time 
period, the EU’s share of global cement production has diminished, from 10% in 1999 to 
5% in 2019. As for the COVID crisis and the tensions on Europe’s eastern borders, which 
happened over the last two years and are thus too early for being properly accounted for, 
effects in terms of global cement production are estimated to be negligible, with a global 
production expected to resume its growth from 2019 [USGS, 2022]. 

EU cement production had been strongly affected by the financial crisis, which originated in 
the real estate sector in 2008. The EU cement production peaked at 230 million tonnes in 
2007 and declined to its lowest point over the last 20 years with a production of 
144 million tonnes in 2014. Since then EU production has been steadily increasing, yet 
without reaching its maximum (165 million tonnes in 2020, Figure 7). 

Figure 6 Global cement production, 2008-2020 

 
Source: JRC based on [USGS, 2002-2019; USGS, 2022] 
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Figure 7 EU27 cement production, 2000-2020 

 
Source: JRC based on [USGS, 2002-2019; Eurostat, 2022] 

In terms of prices, and considering the regional nature of this commodity, data availability 
is scarce. US pricing seems to follow economic macro-trends (Figure 8), while cement 

value (1) in the EU remains in a narrower bandwidth of 50 to 80 EUR/t since 1995 [Eurostat, 
2022]. Variations on the EU market are even more contained, since cement value breached 
the 70 EUR/t barrier for the first time in 2007 (thus remaining in the 50 to 70 EUR/t 
bandwidth between 1995 and 2006), and never fell below this value again (thus remaining 
in the 70 to 80 EUR/t bandwidth since 2007). Fuel cost is expected to play a significant role 
in the future in Europe [CWGRP, 2022] and beyond, with the price of pet coke tripling since 
2021 [GCD, 2022] and the price of electricity being linked to reduction in production 
capacity [Cemnet, 2022; Global Cement, 2022a]. 

                                                        

 

(1)  As per the approach described in [European Commission, 2018], value is determined at the factory gate, thus excludes components of price such as 
transport to the customer. 
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Figure 8 Price of cement in the United States, 2007-2021 

 
Source: JRC based on Statista, 2022 

Few major operations took place in the top 10 cement producers since the merger of 
Holcim and Lafarge in 2016 and of CNBM and Sinoma in 2018. As such the list of key 
cement producers worldwide remains fairly stable (Figure 9). Two third of the global cement 

are being produced by one of the top 100 cement companies [GCD, 2022]. Yet restructuring 
at country level are numerous [Global Cement, 2022b]. Most significantly, Holcim initiated 
in 2021 a divestment phase, selling assets in India, Brazil, Ghana, Malawi, Zambia and in 
the Indian Ocean [Global Cement Magazine, 2022]. 

Figure 9 Installed capacity of selected top 10 cement producers worldwide, 2021 

 
Source: Global Cement Magazine, 2022 

3.2.2 Cement production in the EU 

Due to high share of transportation in overall costs, cement is produced almost everywhere 
in the EU (Figure 10): Only Malta and the Netherlands do not have integrated cement plants 
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[GCD, 2022]. Germany produced 19% of all EU cement in 2019, followed by Italy and 
Poland (11% each), France and Spain (10% each) [USGS, 2002-2019]. Figure 11 shows how 
this production evolved over the last two decades, with Spain and Italy being the most 
affected by the 2008 financial crisis. 

Figure 10 Cement production in EU27 - 2019 

Source: JRC based on [USGS, 2002-2019] 

Figure 11 Cement production in Europe - 1998-2019 

 
Source: JRC based on [USGS, 2002-2019] 

Looking at the European market, the vast majority (over 150) of the approx. 200 cement 
integrated plants in Europe (Figure 12) are (eventually partially) owned by a group which 

holds three or more plants. In addition to global players (displayed on Figure 9, including 
Holcim; HeidelbergMaterials (in this report still referred to as HeidelbergCement); CEMEX 
and Votorantim), 12 smaller groups (with three or more plants) are active in the EU. 
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Table 3 Cement groups and their capacity in the EU (Mt/year) 

Company 

Number of 

plants 

Capacity 

(Mt/year) Company 

Number of 

plants 

Capacity 

(Mt/year) 

Holcim 29 39.5 Schwenk 6 7.5 

Heidelbergcement 41 50.8 Titan 4 6.9 

Cemex 10 14.3 Vicat 5 5.2 

Votorantim 5 5.3 Cementir 2 4.4 

Buzzi Unicem 16 19.3 SECIL group 3 4.0 

CRH 16 16.6 Tudela Véguin 3 3.7 

Valderrivas 6 9.9 Other 33 30.1 

Colacem 6 7.7 Total 185 225.2 

Source: JRC based on [GCD, 2022] 

Figure 12 Cement facilities in the EU 

 
Source: JRC/EIGL based on [McCarten et al. 2021] 
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3.2.3 Trade between the EU and the rest of the world 

With EU cement production being affected by the 2008 financial crisis and most of EU 
production in the hand of international groups, trade in cement at the borders of the EU did 
increase. However volumes traded remained marginal (max. 10% of EU production for 
either imports or exports) and above all positive: i.e. the EU remains a net exporter of 
cement-related products. There are however disparities across the cement-related products: 
The EU has been consistently a net exporter of cement, while it relied on imports to meet 
its demand in clinker before the financial crisis and again in 2021. 

Figure 13 Global and EU27 cement production and trades between both parties, 1998-2019 

 
Source: JRC based on [USGS, 2002-2019; Eurostat, 2022; United Nations, 2003] 

In 2019, Portland cements represented 55% of EU27 cement-related imports, followed by 
clinker (for 41%), non-hydraulic cement, such as supersulfated cements (for 3%) and 
aluminous cements (for 1% of cement-related imports). 
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Figure 14 EU27 imports and exports of cement-related products, 2019 (Mt) 

 
Source: JRC based on [United Nations, 2003] 

Figure 15 EU27 trade balance (exports minus imports) of cements and clinker, 1988-2021 (Mt) 

 
Source: JRC based on [United Nations, 2003] 

Trades are important from an economic perspective. However they also imply an 
environment impact, especially for such CO2 intensive products. 
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3.2.4 CO2 emissions of cement making 

The cement industry emits approximately 7% of global CO2. The majority of these 
emissions come from the calcination of limestone for the production of clinker, the most 
prevalent component of Portland cement (which is itself the essential binding agent in 
concrete). Cement and concrete emissions can be reduced by:  

— deploying concretes with better performance (i.e. less concrete needed in construction); 

— using concrete with alternative compositions (i.e. less cement needed in concrete, as 
cement content in concrete may already vary between 260 kg/m3 and 400 kg/m3 
depending on the application [EN 206, 2021]); 

— and reducing the clinker content of cement (i.e. less clinker needed in cement). 

Further emissions come from the thermal processes necessary for the production of clinker, 
as well as electricity consumption for the production of clinker (grinding of raw materials 
and operation of kiln and ancillaries) and the production of cement (milling of clinker and 
additives). 

While greenhouse gases can be accounted for in different ways (e.g. along ISO 14067, 
GCCA Cement CO2 and Energy Protocol [GCCA, 2020] or the greenhouse gas protocol [GHG 
Protocol, 2022]), a proposal for accounting CO2 emissions in the cement industry would be 
that: 

— Scope 1 emissions include the CO2 released by the calcination of calcium carbonate into 
calcium oxide (526 kgCO2/kg clinker [European Commission, 2013b]) and the emissions 
from fuel combustion for the thermal processes for the production of clinker (which 
depends on the production process and type of fuel, thus theoretically ranging from 
0 kgCO2/kg clinker (for biomass-fuelled plants) to 685 kgCO2/kg clinker (for wet process 
requiring 6.4 GJ/t clinker [European Commission, 2013b] fuelled by oil shale with a CO2 
intensity of 107 kgCO2/GJ [GCCA, 2020])); 

— Scope 2 emissions include the CO2 released for the production of electricity consumed 
in cement making (the electricity is mainly consumed in grinding raw materials, the 
clinker and additives and in minor measure operating the kiln and ancillaries). In 2019, 
each tonne of grey and white cement required 113.5 kWh [GCCA, 2019], well within the 
range of 90 to 150 kWh/t cement [European Commission, 2013b]. Based on EU27 
average CO2 intensity of electricity (255 gCO2/kWh [European Environmental Agency, 
2022b]), electricity implies an additional 29 kgCO2/kg cement; 

— Scope 3 emissions include the CO2 released through the sourcing of raw materials and 
trade of intermediate products. This is not assessed here. 

The above mentioned scope 1 / process emissions are defined for clinker, cement key 
component. However, the content of clinker within cement (referred to as clinker-to-cement 
ratio) can vary depending on the type of cement produced (see 3.3.1). This implies that CO2 
emissions of clinker are “diluted” when clinker is partially substituted with other materials 
of low or even zero carbon footprint for the production of cement (Figure 16). 
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Figure 16 Mass balance for 1 kg cement 

 
Source: [European Commission, 2013b] 

Further, since the fuel mix and CO2 intensity of electricity are dependant of the plant 
location, the parameters need to be accounted for at plant level for deriving accurate CO2 
emissions. All in all, grey and white cement CO2 intensity in Europe ranges from less than 
500 kgCO2/t cement to over 800 kgCO2/t cement (Figure 17). It should be noted that CO2 
emissions from the combustion of biomass is accounted for in Getting the Numbers Right 
initiative of the Global Cement and Concrete Association (GCCA), while biomass is deemed 
carbon neutral under the European Commission ETS. 



 

25 

Figure 17 CO2 emissions from grey and white cement in EU28 in 2019 

 
Source: [GCCA, 2019] 

The above mentioned parameters are thus investigated more in detail in the following 
section. 

3.2.5 CO2 intensities in the EU and third countries 

The CO2 intensities of cement making vary across the globe. The main factors influencing 
the average CO2 intensity are the technology used (either wet, semi wet, dry, semi-dry with 
pre-calciner or preheater), the clinker to cement ratio and the fuel mix in every country, i.e. 
how much clinker is needed for cement; how much and which fuels are used for the 
thermal processes yielding clinker. 

Evolution of technology 

In 2019, the most efficient process (i.e. Dry with preheater and pre-calciner) required 
3.51 GJ/t clinker (on global average and for the production of grey clinker), while less 
efficient processes such as wet or shaft kilns required 5.51 GJ/t clinker. For white cement, 
irrespectively of the process used, the value reach 6.38 GJ/t cement, which implies an even 
higher intensity for white clinker [GCCA, 2019]. These values are consistent with technology 
developments [European Commission, 2013b]. 

Newest (and more efficient) processes are more likely to be found in countries which 
recently saw high economic growth and met their demand for cement through additional 
production capacity [ECRA & WBCSD/CSI, 2017; ISAL, 2021]. This upgrade translates in a 
reduction of 18% in global energy intensity of clinker between 1990 and 2019. In the case 
of the EU, the reduction has been marginal between 1990 and 2019 (9%) and almost nihil 
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since 2000 (Figure 18). This can be correlated with the evolution of production process over 

the period (Figure 19).  

Figure 18 Clinker thermal energy intensity in EU27 and at global level (Mj/t clinker) 

 
Source: JRC based on [GCCA, 2019] 

Figure 19 Share of technologies in the grey clinker production, in the EU27 and at global level (%) 

 
Source: JRC based on [GCCA, 2019] 

Clinker to cement ratio 

The clinker-to-cement ratio indicates how much clinker is needed per tonne of cement. 
While the EU clinker-to-cement ratio decreased in the first decade of the 21st century, it 
sees a rebound since. As noticed in China [IEA, 2021], by far the largest cement producer 
and thus driving global emissions, such a rebound could be linked to EU cement 
overcapacity, reducing the drive to substitute clinker in cement [ETH, 2018]. 
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Figure 20 Evolution clinker to cementitious ratio between 1990 and 2019 (%) 

 
Source: [GCCA, 2019] 

Figure 21 Average CO2 emission intensity for grey clinker, share of clinker to cementitious ratio and 2019 grey clinker 

production by world regions 

 
Source: JRC based on [GCCA, 2019] 

Biomass 

When looking at the fuel powering the thermal process, biomass is deemed carbon neutral 
under the ETS [EASAC, 2020]: A higher share of biomass is thus associated with lower CO2 
emissions being accounted for. The European shift towards alternative fuels and waste 
may be driven by economics (relying on cheap resources locally available). Since alternative 
fossil fuels and wastes have a lower CO2 intensity than pet coke [GCCA, 2020], both types 
of fuel are deemed reducing emissions in cement production [Cembureau, 2013]. 
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Figure 22 Clinker thermal energy intensity by fuel category in EU27 and at global level (2) (Gj/t clinker) 

 

Source: JRC based on [GCCA, 2019]. 

3.3 Standardisation and circularity: levers towards CO2 reduction 

3.3.1 Standardisation for lowering clinker to cement ratio 

Standardisation can help to facilitate the market uptake of low-carbon cements and 
concretes [ECOS, 2020; Cembureau, 2020c], thereby reducing the greenhouse gas intensity 
of this industry. This calls for standards aimed at: a) specifying alternative concrete and 
cement compositions; b) setting requirements for physical characteristics of the – then 
newly developed – products (be it concrete or cement); or c) harmonising products and 
testing methods. 

European standard EN 197 addresses the composition of most common cements. EN 197 
accounts for alternative cements with substitutes to clinker, such as granulated blast 
furnace slag, pozzolanic materials, fly ash, limestone, and silica fume. The latest addition 
[EN 197-5, 2021] allows further reduction of the clinker content of cement by increasing 
the share of these alternative materials. 

                                                        

 

(2)  the data set relies on data for 90% of the EU28 cement production and 22% of the global cement production. 
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Figure 23 Share of clinker (%) for cements of [EN 197-1, 2011] (left) and [EN 197-5, 2021] (right) 

 
Source: JRC based on [EN 197-1, 2011; EN 197-5, 2021]. 

Regarding concrete, requirements on specification and performance are provided by 
European standard EN 206. This standard is not harmonised at European level, weakening 
the EU market for concrete. Furthermore, it does not explicitly address cements newly 
covered by standard EN 197-5. These cements may nonetheless be used provided that 
suitability is demonstrated. Standards thus need to be continuously updated to allow easier 
use of new clinker substitutes in cement and of admixtures as cement substitutes in 
concrete [NewClimate, 2020]. 

Alternatives to ordinary Portland cement with lower CO2 intensities are being developed 
through different processes and chemistries [Gartner & Sui, 2018]. Belite-Ye’elimite-Ferrite 
and calcium silicate clinkers are deemed promising chemistries [ETH, 2018; Chatham 
House, 2018], although they do not yet comply with EU (composition) standards for 
cements [Gartner & Sui, 2018; Chatham House, 2018]. Yet substitutes to clinker do exist at 
varying phases of technological development [Chatham House, 2018; WorldCement, 2014] 
such as Solidia [Solidiatech, 2022], under production since 2014 [Noë, H., 2021], and 
Celitement [Möller, H., 2021], produced in a pilot plant between 2018 and 2021 [Celitement, 
2022]. Since the composition of these cements are not reflected in current standards, there 
is thus room for further standards. 

3.3.2 Circularity for reducing the impact of raw materials 

Concrete is a CO2 intensive material, highly consumed across the globe. Various approaches 
are investigated for limiting the environmental footprint of this material. The EU Waste 
Framework Directive calls for reuse, recycling or recovery of construction and demolition 
waste (CDW) [NewClimate, 2020]. This circularity would indeed enable the reduction of CO2 
emissions in the building industry. Options for circularity include the re-use of concrete 
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components; the use of concrete waste as aggregates for fresh concrete and the re-use of 
cement paste into cement, concrete or binders. This latter option consists in the 
disaggregation of waste concrete into gravel, sand and the cement paste [SITRA, 2018]. 
Cement paste can then be recycled as raw material for cement production or a substitute 
to cement [Cembureau, 2013; ETC, 2018; ETH, 2018]. Considering ongoing technological 
developments, it is expected that 100% of hardened cement paste, from waste concrete 
offered to recycling, will be separated from aggregate and sand by 2030 [Ottelé, M., 2021]. 
Due to the initial hydration, this cement paste lost most of its reactivity and cannot be used 
as fresh cement [van Ekenstein, A., 2020]. Research is ongoing for the recycling of hydrated 
cement paste, indicating that de-hydration and further thermal treatments could reactivate 
cementitious phases at lower CO2 intensity than fresh cement [Zhutovsky & Shishkin, 
2021]. Further, there is a share of cement which remains un-hydrated within concrete and 
can potentially be recovered and reused [ETC, 2018]. Feeding materials (including CDW) into 
cement kilns is not straightforward from a chemical [European Commission, 2013b] and a 
standardisation [VEEP project del. 7.6, 2021] point of views. And CDW is not foreseen by 
current standards as an additional constituent to clinker in cement [EN 197-1, 2011; 
EN 197-5, 2021] or to cement in concrete [EN 206, 2021]. Yet, the use of CDW remains a 
topic of further research and (demonstration) testing [VEEP project, 2016; BNB project, 
2018; RECEMENT project, 2018], also in industry [Holcim, 2020; HeidelbergCement, 2022]. 

3.4 Future demand for cement and alternatives to cement 

Global cement production grew strongly up to 2013 (+164% since 1998) and remained idle 
since at around 4 Gt. EU cement production displays an even more turbulent history (Figure 

7). When drivers to past demand are difficult to understand, the future demand and 
production for cement is likely to evolve while remaining within reasonable boundaries 
(such as 200 kg/capita in the UK and 600 kg/capita in Spain and Ireland in 2010) 
[GlobBULK, 2018]. Forecast and foresight approaches provide insights on what the future 
may be. The best way to reduce emissions of the cement industry is to look on the demand 
side, reducing primary demand for cement. Alternative materials, including waste and wood, 
can be used; and material intensity can be improved [NewClimate, 2020]. This includes 
lifetime extension of concrete structures [ISAL, 2021], component reuse [ISAL, 2021] and 
concrete recycling [ETC, 2018]. Some of these approaches are described below, though they 
are outside of the focus of this report, looking on the CO2 intensity of cement. 

3.4.1 Future demand for cement 

In order to monitor progresses towards 2050 decarbonisation target, the EU industry 
association (Cembureau) and the European Cement Research Academy (ECRA) assume no 
growth – among its members - in cement production between 1990 and 2050 [Cembureau, 
2018]. At global level, a wide range of cement demand or cement production in 2050 is 
modelled: +12‑23% compared to 2014 [IEA & WBCSD-CSI, 2018] (); around 5Gt [IEA, 2020]; 
above 5 Gt [Climate Action Tracker, 2017]; and up to 6 Gt [SITRA, 2018]. Further it is worth 
noting that older forecasts and modelling exercises offered a larger spread: [IEA & WBCSD, 
2009] being more conservative; while [WWF, 2008] foresaw 5 Gt by 2030, instead of 2050. 

While some of the previous studies may also include data for specific regions, dedicated 
studies for UK [MPA Cement, 2013]; for India [WBCSD, 2013]; for California [Hasanbeigi & 
Springer, 2019]; Brazil [SNIC, 2019] and Europe [NewClimate, 2020] are available. 
[NewClimate, 2020] provides various numbers for cement production by 2050, spreading 
between 166 and 184 Mt depending on the study referenced. 
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[ISAL, 2021] also foresees global production levels well above 5 Gt by 2050. However the 
production values of the 2017-2021 period do not align with the forecast over the same 
period. This highlights the importance of assumptions for the definitions of scenarios and 
modelling exercises. 

The above studies rely on different parameters for their analysis: From the need for 
construction and infrastructures, deriving from population growth and economic 
development, to various ways of meeting these needs (i.e. circularity and alternative 
materials). While cement-related technological aspects will be further developed in the rest 
of this report, foresight can help in the identification of such factors as well as in the 
framing of the ongoing developments in wider frames. 

3.4.2 Possible alternative futures impacting the cement industry 

Anticipation (at large) aims at taking the best decisions now for a better future. Considering 
the expected lifetime of cement facilities, coupled to the capital intensive nature of this 
industry, future developments are of key importance. Anticipation can be done based on 
hard facts and forecasts (see above); Anticipation can also rely on softer facts (foresights, 
including horizon scanning). 

Foresight is the discipline of exploring, anticipating and shaping the future to help building 
and using collective intelligence to anticipate developments. Foresight helps better develop 
possible transition pathways, prepares to withstand shocks and shapes the future. Foresight 
is not about predicting the future; it explores different possible futures, alongside the 
opportunities and challenges they might present [European Commission, 2022e]. 

Among approaches to foresight, horizon scanning is an activity of systematic and systemic 
review of recent developments to try and spot emerging issues that would require a change 
in behaviour, strategy, policy. To this end, JRC relies on Futures Platform (3), a Finnish 
company offering commercial support in strategic foresight and a catalogue of 
phenomena (4). Different types of phenomena, such as ‘summary’ (trends of broader 
nature), ‘strengthening’ or ‘weakening’ trends as well as (emerging) ‘weak signal’ and (hard 
to predict) ‘wild card’, are compiled by a team of futurists [JRC, 2022]. "Carbon-Neutral 
Cement" [Futures Platform, 2022a] is such a strengthening trend, detailing current 
progresses towards the decarbonisation of cement by 2050. In a first instance, this trend is 
flagged as related to other phenomena referring to the demand for building materials and 
how to mitigate environmental impact: 

— "Doubling the Number of Buildings" [Futures Platform, 2022b] looks into the long term 
demand for construction, urbanisation and housing; 

— "Concrete Out of Waste" [Futures Platform, 2022c] is highlighting the potential for 
circularity in concrete; 

— "Self-Healing Bio-Concrete" [Futures Platform, 2022e], in which bacteria repairs cracks 
in (bio-)concrete, thereby extending lifetime of buildings (reducing demand for concrete 
and cement); 

                                                        

 

(3)  http://info.futuresplatform.com/hub/about-futures-platform 
(4)  http://info.futuresplatform.com/hub/how-content-is-produced 
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— Cement sustainability is only part of the equation: Concrete also requires also gravel 
and sand. "Sand Suitable for Building" [Futures Platform, 2022d] recalls the 
environmental burden of this material; 

— Finally, on a longer time horizon, "Self-Maintaining Buildings" [Futures Platform, 2022f] 
foresees radically different approaches to construction, possibly environmentally-
friendlier. 

These phenomena do also refer to further phenomena. They then open-up to wider trends 
(linked to infrastructures, cities, urbanisation and circular economy) or narrower trends 
(such as synthetic biology or smart homes). While the impact of such phenomena is 
uncertain and thus even harder to quantify, it makes sense to keep an eye on broader 
developments, possibly exogenous to the cement industry, that may impact its future and 
drive towards sustainability. 

While increasing circularity through the re-use of concrete components or recycled cement 
and reducing cement demand are important levers for the decarbonisation of EU cement 
industry, virgin cement will continue to be needed in the future. This requires the 
deployment of new technologies to further reduce or address CO2 emissions.  
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4 Decarbonisation options: technologies and costs 

The cement sector is currently exploring different strategies to reduce CO2 emissions. 
Ongoing process modifications (as explored in section 4.1) and a switch from fossil fuels to 
low-CO2 energy sources (Section 4.2) are already enabling CO2 mitigation. Combined with 
CCUS technologies, deeper emissions cuts can potentially be achieved. 

— Developing new cement formulations with lower quantities of clinker and/or other 
materials avoiding the calcination of carbonates (Section 4.3). 

— Capturing and using the emitted CO2 (CCU) from the cement production in the 
production of basic chemicals and synthetic fuels as well as through the carbonation of 
cement, either during curing or at end-of-life (Section 4.4). 

— Considering the climate emergency, and the difficulty to truly decarbonise the economy, 
carbon negative cements may also provide a valuable contribution (Section 4.3.4); 

— (Linked to concrete and cement demand, to be mitigated by substitution of concrete or 
alternative concrete structures, though this is outside the scope of this report). 

Effective decarbonisation options address the sources of emissions from largest to 
smallest. As per chapter 3, the largest source of emissions are: 

— Process emissions from the calcination of calcium carbonate, to be addressed with 
CCUS or mitigated with alternative cement compositions, including circularity; 

— Process emissions from the combustion of fuel for remaining thermal processes, to be 
addressed by kiln electrification or mitigated by fuel efficiency; 

— Indirect emissions, from electricity consumption, will be addressed with a decarbonised 
electricity system. In the meantime efficiency is a way forward; 

Along decarbonisation levers for the concrete sector (Figure 24 at global level and Figure 

25 among Cembureau members), the following sections will focus on the main 
decarbonisation options and feasible technologies that are being pursued by the cement 
industry: Efficiency improvements; use of alternative fuels; use of alternative raw materials; 
CCUS and carbon negative cements. It is worth nothing that some of the decarbonisation 
options, presented in this chapter, are covered by UNFCCC Clean Development Mechanism 
(CDMs) [UNFCCC, 2021]. Generic one [UNFCCC, 2021a] refers to “Emission reduction from 
partial switching of raw materials and increasing the share of additives in the production of 
blended cement”. Options for alternative concrete structures or compositions are not 
considered here, though relevant European funded projects may be listed in Annex 1. 
Evolution of European funding on cement decarbonisation options (Figure 26) indicates a 
steady funding on efficiency improvements, while funding on alternative fuels; alternative 
materials to clinker in cement and – even more – CCUS see steady increases: In total, 
funding on such cement decarbonisation projects increased from EUR 19.2 million in 2012 
to EUR 75.6 million in 2022. 
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Figure 24 Quantification of decarbonisation levers for the global concrete sector, 2050 

 
Source: [GCCA, 2021]. 

Figure 25 CO2 reductions along the EU cement value chain between 1990 and 2050 

 
Source: [Cembureau, 2020c]. 
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Figure 26 Funding on decarbonisation projects in Europe since FP7 programme 

 
Source: JRC, based on EU-funded projects listed in annex 1 

4.1 Efficiency improvements 

The theoretical minimum thermal energy demand for the production of cement clinker lays 
between 1.59 and 1.84 GJ/t clinker [ECRA, 2016], while the EU27 and global average are at 
3.81 and 3.52 GJ/t clinker for 2019 respectively (Figure 22). There is thus room for saving 
on fuel consumption and emissions. While global average could be improved to 3.15-
3.215 GJ/t clinker by 2050 [ECRA & WBCSD/CSI, 2017], the best case scenario in 2019 (5) 
already requires only 2.7 GJ/t clinker [GCCA, 2019]: A 23% decrease in energy consumption. 
Efficiency improvements of 10-11% globally by 2050 are being reported, though with 
regional disparities [IEA & WBCSD/CSI, 2018]. Since thermal processes takes place in a kiln, 
which is a large combustion facility, increases of plant efficiency will ultimately be limited – 
among others - because of thermal losses; CO2 capture and storage measures (or co-
generation options); plants not using their full capacity [Lecomte et al., 2017]; as well as 
ongoing efforts to use best available techniques (Figure 27). 

                                                        

 

(5) Production of grey clinker for the most efficient plant in India. This plant is identified with indicator 25aDG “Thermal energy 
consumption – excluding drying of fuels – Grey clinker” in GNR data [GCCA, 2019] 
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Figure 27. Share of kiln technologies for EU integrated plants, 2002 (left) 2022 (right) 

  

Source: JRC based on [WCD, 2002; GCD, 2022]. 

Full capacity refers to an utilisation rate of 100% and indicates that producers' actual 
output matches the potential output based on fully utilised production capacity. 
Overcapacity refers to a market situation which does not allow for all potential product to 
be sold. In this situation, production is reduced by operating the facility at a lower utilisation 
rate. High utilisation rates are linked to improved profitability and sustainability [Global 
Cement, 2021]. The utilisation rate of existing production capacities influences economic 
performance [European Commission, 2018], with a healthy profitability enabled by a kiln 
utilisation rate of 75% or more [IFC, 2014]. In addition, maximum energy performance is 
reached at maximum design continuous loads [IEA & WBCSD-CSI, 2018] while operating at 
half capacity is deemed energy inefficient [Climate Strategies, 2014]. If the industry was 
operating at 70% utilisation rate between 2015 and 2020, the pandemic and economic 
slowdown are expected to worsen this overcapacity [IFC, 2020]. Yet such overcapacity is an 
opportunity to close the most inefficient plants [Chatham House, 2018; IEA, 2021b]. 

In order to improve thermal efficiency, the following measures are being investigated 
and/or implemented: Modernisation of process and kiln [ISAL, 2021; IEA & WBCSD-CSI, 
2018; Mistra Carbon Exit, 2020]; Waste heat recovery [IFC, 2014; Global Efficiency 
Intelligence, 2021; IEA & WBCSD-CSI, 2018]. Lessons can also be drawn from the lime 
sector, which pursues – besides the above approaches - efficient insulation lining to 
minimise shell heat losses; improved process and input control and maintenance [ECOFYS, 
2014]. 

The best available technology for clinker production is a dry process kiln with multistage 

preheating and pre-calcination. In such installation, waste heat preheats and pre-calcines 
the raw material feed before entering the kiln, providing up to 10% reduction in energy 
consumption (Table 2). The ongoing evolution towards thermal efficient processes (dry kiln 

with pre-heater and pre-calciner) (see section 3.2.4) implies using waste or excess heat [IEA 
& WBCSD-CSI, 2018] and the retrofitting of several plants in Europe [ATEC, 2019]. Such 
set-up therefore hampers the business cases for further waste heat use or other processes 
relying on waste heat [ECRA & WBCSD/CSI, 2017]. Waste heat can be used for “integrated 
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use” (i.e. the drying of fuel required for the cement plant [ECRA & WBCSD/CSI, 2017]) or for 
external use [ECRA, 2016], including heating and power generation. 

Waste heat from cement plants is used for heating purposes in various locations across the 
EU: Kirchdorfer Plant in Kirchdorf (AT); Cementir plant in Aalborg (DK); CRH plants in 
Lappeenranta and in Parainen (FI); HeidelbergCement plant in Burglengenfeld (DE) and 
Schwenk plant in Karlstadt (DE) [ECRA, 2016]. 

Waste Heat Recovery (WHR) uses a portion of the medium temperature (200-400°C) 
waste heat of kiln flue gases to generate electricity. Although it does not reduce the 
amount of electricity used at a cement plant, it uses the excess heat that otherwise would 
be wasted in order to generate electricity for on-site use or export to the grid [Global 
Efficiency Intelligence, 2021]. Options include heat pumps; steam cycle; Organic Rankine 
Cycle (ORC); Kalina cycle or supercritical CO2 systems [TASIO project, 2014; Heatleap 
project, 2014; IFC, 2014; ECRA & WBCSD/CSI, 2017; CO2OLHEAT, 2021; AC²OCem, 2021]. 
Other external uses of waste heat include CCUS [ECRA & WBCSD/CSI, 2017], supplying heat 
to other industries and district heating [ECOFYS, 2014]. Under state’s policy and regulation, 
China’s became and remains the leader in WHR technologies [IFC, 2014], which remains 
marginal in Europe (Table 4). In addition to the ongoing or recent projects referred to in 

Table 4, WHR has been studied though not rolled-out in many facilities: Holcim’s plant in 
Retznei (AT) [ECRA, 2016]; Cimpor’s plants in Alhandra and Souselas (PT) [Cimpor, 2010; 
Cimpor, 2011; Cimpor, 2021a; Cimpor, 2021b]; Baumit GmbH plant in Wopfing (AT) [ATEC, 
2019]. 

Regarding economics, WHR in the cement industry requires high capital investment costs, 
but has a low operational cost [EBRD, 2016]. In terms of energy efficiency, steam cycle 
offers a decrease in the range of 8 to 22 kWh/t clinker, while the range is smaller (between 
10 to 20 kWh/t clinker) in the case of ORC and Kalina cycle. In economic terms, installations 
for all three types of technology cost between EUR 15 to 25 million (expected to remain 
constant between 2015 and 2050). All three technologies are expected to reduce cement 
price by 0.5 to 1.4 EUR/t in 2015, increasing to 0.7 to 1.9 EUR/t in 2050. [ECRA & 
WBCSD/CSI, 2017]. Costs depend on various factors, such as type of technology, size and 
location of installation. This introduces a wide range, from USD 7 000/kW of electricity for 
2 MW systems (ORC) to USD 2 000/kW of electricity for 25 MW systems (steam) [IFC, 
2018]. In the case of ORC, though not focusing solely on the cement industry, costs are 
estimated at around USD 1 500/kW [Tartière & Astolfi, 2017], with Levelised Costs Of 
Electricity comprised between EUR 21 MWh and EUR 45 MWh [Santarossa, S., 2022]. 

Besides thermal efficiency and making efficient use of the production facility, improving on 
electric efficiency is another avenue for CO2 emission savings. Electricity is indeed 
required for the grinding of raw materials, of cement and of additives as well as for the 
operation of the kiln and its ancillaries. Electricity accounts for 13% of the global final 
energy consumption of cement making [IEA & WBCSD-CSI, 2018]. Grinding operations (or 
comminution) consumes up to 70% of the electric energy demand for clinker and cement 
production [ECRA & WBCSD/CSI, 2017]. Even though the wet process tends to disappear, 
several grinding technologies (and approaches) for handling dry materials are available 
[European Commission, 2013b]. These include grinding aids [ECRA & WBCSD/CSI, 2017] or 
the separate grinding of materials for high-blend cement [BZE, 2017]. However, electricity 
consumption of certain decarbonisation options, such as for CCUS or kiln electrification, 
also have to be accounted for. Electrification may drive the electricity intensity up instead 
of down while reducing the direct energy intensity [Climate Action Tracker, 2017]. 
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Table 4 Selected waste heat recovery projects in the EU cement industry (as of July 2022) 

Location Customer Status Supplier; technology Size 

Czech Republic, Hranice Buzzi Unicem Project n.a.  n.a. 

Czech Republic, Prachovice CEMEX Under demonstration testing Supercritical CO2 2 MWe 

Germany, Erwitte 
Portlandzementwerk Wittekind 
Hugo Miebach Söhne KG 

Awarded Orcan Energy; ORC 8 MWe 

Germany, Lengfurt HeidelbergCement In operation since 1999 Ormat; ORC 2 MWe 

Germany, Rohrdorf Rohrdorfer 
Covers about 27% of plant power demand 

 

Conventional steam cycle 

Küttner ECOFLOW Heat transfer  

Germany, Rudersdorf CEMEX   Orcan Energy; ORC 8.15 MWe 

Italy, Pederobba Industria Cementi Giovanni Rossi   Exergy; ORC 3.6 MWe 

Italy, Piacenza Industria Cementi Giovanni Rossi Under construction Turboden; ORC 2 MWe 

Italy, Sesto Campano Colacem Project n.a.  2-3 MWe 

Portugal, Outão, Setúbal Secil-Group S.A. Under construction Turboden; ORC 7.2 MWe 

Romania, Aleșd Holcim In operation since 2012 Turboden; ORC 4 MWe 

Romania, Fieni HeidelbergCement In operation since 2015 Turboden; ORC 3.8 MWe 

Slovakia, Rohožník CRH In operation since 2014 Turboden; ORC 5 MWe 

Sweden, Skövde HeidelbergCement   WHR boiler in the kiln off-gas down duct n.a. 

Sweden, Slite HeidelbergCement   Conventional steam cycle 6 MWe 

Source: JRC based on [ECRA, 2016; IFC, 2014; European Commission, 2013b] and company announcements [ATEC, 2019; Casale M., 2021; CEMEX, 2022; Colacem, 2020; CO2OLHEAT, 2021; Exergy, 2020; Grimekis 
et al., 2019; Irish Cement, 2017; Küttner, 2022; Orcan Energy, 2021a; Orcan Energy, 2021b; Ormat, 2022; SECIL, 2020; Turboden, 2022] 
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4.2 Use of alternative fuels 

Cement is an energy intensive industry, which emits approx. 40% of its emissions through 
fuel consumption. These are scope 1 emissions (through thermal processes i.e. the 
combustion of fuel for high temperature) and scope 2 emissions (through the production of 
electricity consumed in cement making). While the decarbonisation of the power system is 
ongoing, there are avenues for addressing emissions from thermal processes [Sandalow et 
al., 2019]. As per Figure 22, the industry is diversifying its fuel mix for thermal processes: 
the use of waste and biomass is already gaining ground. Solar heating, hydrogen and 
electrification are other avenues being investigated. 

4.2.1 Alternative fuels and waste 

The above list indicates the difficulty to disintricate biomass and waste: diapers is classified 
as biomass while impregnated saw dust is classified as a waste. Irrespectively, cement 
kilns can burn up to 100% of waste or biomass fuels. Some plants are already operating 
(Allmendingen (DE) and Retznei (AT) [Cembureau, 2020c]), or being upgraded to operate 
under such operating conditions (Mannersdorf (AT) [ATEC, 2022]; Otterbein, (DE) [ZKW 
Otterbein, 2022]) while other plants are investigating the possibility to operate (Montalieu-
Vercieu, [Vicat, 2021b]; Mergelstetten [Catch4climate, 2021]) without consuming fossil 
fuels. Trials, including using hydrogen in the fossil-free mix, were successfully conducted (6). 
This evolution is connected with the availability and cost of such fuels: cost of biomass can 
vary from more than USD 20/GJ (for oil crops) to USD 1-2/GJ (for agricultural residues), 
while the combustion of municipal waste can even be a source of revenues [ETC, 2018]. 
The use of municipal waste implies however to address the issue (and cost) of chlorine, 
which is already the case at several European plants [ATEC, 2019; FLSmidth, 2021]. 

4.2.2 Biomass 

For biomass, the focus is on waste streams rather than proper biofuels for economic and 
environmental reasons [ECRA & WBCSD/CSI, 2017]. Sustainable biomass is expected to be 
in the range of 539 to 915 million dry tonnes in 2050. While this amount of energy could 
power 20 times the EU cement industry (consuming approx. 5*10^17 J in 2019 [GCCA, 
2019]) this will likely serves the primary purpose of producing advanced biofuels, for 
approx. 160 – 255 Mtoe [Imperial College London Consultants, 2021]. Though of limited 
relevance for Europe, the controlled combustion of rice husk produces a material – similar 
to pozzolana - of interest for the production of cement [Chatham House, 2018]. 

4.2.3 Municipal and industrial wastes 

Co-processing waste and industrial by-products in a cement plant maximises their 
potential, i.e. by extracting the energy potential and using what remains as a raw material 
[Cembureau, 2013]. In 2019, the European cement industry recycled over 14 million tonnes 
of slag; over 3 million tonnes of fly ash; and sourced 32% of its energy from alternative 
fossil and mixed wastes such as plastics, industrial waste or tyres [GCCA, 2019]. 

                                                        

 

(6)  https://www.thisisukconcrete.co.uk/Perspectives/World-first-UK-hydrogen-trials-demonstrate-pathway.aspx 
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Table 5 Share of fuel category in total thermal energy and share of fuel in fuel category (%) 

Fuel EU27 Global 

Fossil fuel 51% 81% 

Coal + anthracite + waste coal (%) 27% 46% 

Pet coke (%) 62% 41% 

(ultra) Heavy fuel (%) 1% 1% 

Diesel oil (%) 0% 0% 

Natural gas (%) 1% 10% 

Shale (%) 1% 0% 

Lignite (%) 9% 2% 

Alternative fossil and mixed wastes 32% 12% 

Waste oil (%) 2% 4% 

Tyres (%) 12% 16% 

Plastics (%) 51% 39% 

Solvents (%) 5% 9% 

Impregnated saw dust (%) 2% 1% 

Mixed industrial waste (%) 19% 18% 

Other fossil based wastes (%) 8% 13% 

Biomass 17% 7% 

Dried sewage sludge (%) 14% 9% 

Wood, non impregnated saw dust (%) 18% 22% 

Paper, carton (%) 1% 1% 

Animal meal (%) 49% 13% 

Animal bone meal (%) 2% 1% 

Animal fat (%) 0% 0% 

Agricultural, organic, diaper waste, charcoal (%) 3% 40% 

Other biomass (%) 13% 15% 

Source: JRC based on [GCCA, 2019] 

The generic notion of waste entails different categories such as refuse derived fuel (RDF); 
municipal solid waste (MSW); commercial and industrial waste (C&IW); construction and 
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demolition waste (CDW) and solid recovered fuel (SRF) [ECRA, 2016]. Further waste may be 
labelled as renewable, should it contain biological material [Eurostat, 2019]. For an 
extended list of wastes considered as fuel for the cement industry, refer to [European 
Commission, 2013b; GCCA, 2019]. [IFC, 2017] provides techno-economic and environmental 
details on each waste in cement industry, while net calorific values are available from 
multiple sources [IIPNetwork, 2014; ECRA, 2016]. 

In middle- and low-income countries, processing waste in cement plants instead of (too 
frequent) landfilling could reduce emissions without investing in waste-to-energy plants 
[Khan et al., 2020]. In Europe, incinerators with a capacity lower than 20 MW were not 
covered by the ETS, as waste treatment served an environmental purpose against 
landfilling. This may change [EP, 2022] possibly enhancing waste prevention and recycling 
but certainly increasing the cost of incineration [CEDelft, 2021]. As such, alternative fuels in 
cement production could substitute 30% of fossil fuels in developing regions and 70% in 
developed regions by 2050 [ECRA & WBCSD/CSI, 2017], especially building up on 
collaboration between the cement [Schenckprocess, 2022] and the waste treatment 
industry [STADLER, 2021] at local level. 

In 2020, EU27 households produced over 230 million tonnes of municipal waste [Eurostat, 
2020], which are handled differently across European countries (Figure 28). Discarding 
recycling and landfilling of municipal wastes while adding additional waste streams (i.e. 
commercial and industrial wastes), EU28 waste treatment plants treated over 90 million 
tonnes of waste in 2018 [CEWEP, 2020]. This excludes about 11Mt of waste treated 
through co-incineration [Prognos, 2018]. Looking forward, about 140 Mt of waste could be 
treated by waste-to-energy in 2035 [Prognos, 2018]. In this context, the role of cement in 
co-incineration may be reinforced: Co-incineration takes place in coal fired plants and in 
cement kilns. Yet the share of cement kiln in co-incineration by 2035 is reinforced in 
projection 2 (“Potentials”, assuming with more ambitious CO2-emissions legislation) versus 
baseline (“status quo”) and projection 1 (“Implementation of current legislation”) scenarios 
[Prognos & CE Delft, 2022]. 

Figure 28 Municipal waste treatment, 2020 

Source: [CEWEP, 2022] 
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Though associated with coal production [ETH, 2018], bottom ash is also a product of waste-
to-energy plant. The 96 million tonnes of waste treated in Waste-to-Energy plants in 
Europe in 2018 led to the production of approximately 19 million tonnes of bottom ash. 
Such ashes contain about 80 to 85% of mineral and are already used as cement 
substitutes [CEWEP, 2018]. Research investigates the development of new cement based 
on processed incineration ash from Municipal Waste Incinerators [ASH-CEM, 2016] and 
piloting: the treatment of 90 kt of bottom ash from 450 kt municipal waste yields 30 kt of 
raw material for clinker [INDAVER project, 2022]. 

Next to fossil fuel substitution, up to 5% of primary raw material in clinker can be replaced 
by mineral ashes contained in waste. This saves primary raw materials for cement 
production and avoids landfilling of minerals [ECOFYS, 2016]. While the organic content 
provides thermal energy, the non-organic content provides minerals. The share of non-
organic content reaches up to 45% in case of waste water sludge; 25% for tyres and 13% 
for municipal waste [ECRA, 2016]. 

Substituting fossil fuel by waste has consequences: The quality of waste should be suitable 
to the cement plants for co processing: High moisture and chlorine and high percentage of 
heavy metals are not acceptable [CMA & IIP, 2016]. Chlorine deposition does deteriorate 
the stable operation of the kiln; while trace elements impair clinker quality and impact the 
environment. Waste is therefore pre-treated, also in view of enhancing its combustion (i.e. 
dried and shredded or gasified) [ECRA, 2016]. [IFC, 2017] provides an overview of pre-
treatment technologies. 

Among the various types of waste, plastic is worth looking at. Plastic is the second most 
used fuel in the EU cement industry in 2019, representing over 16% of the thermal energy 
consumed [GCCA, 2019]. Statistics on plastic recycling, energy recovery and landfilling 
between 2006 and 2018 highlight the downward trend of landfilling and upward trends of 
recycling and energy recovery. Looking backwards, 42% of waste plastic has been handled 
by energy recovery in 2018, following an annual growth of 4.9% since 2006 [PlasticEurope, 
2019]. Looking forward, two scenarios (focusing on circularity, thus recycling) indicate the 
evolution of the plastic market by 2050: emissions from production and end-of-life of 
plastic may increase from 732 MtCO2/year in 2018 to 919 MtCO2/year in 2050 [ETC, 2018]; 
Energy recovery from plastic waste is foreseen to increase, from 15% of the 49 Mt plastic 
produced in the EU in 2017, to 21% of 61.6 Mt in 2050 [SITRA, 2018]. Plastic circularity 
comes at a cost, though: A plastic sorting plant is expected to address Sweden’s plastic 
package recycling needs as of 2023, following an investment of SEK 260 million [Fossil 
Free Sweden, 2020]. 

4.2.4 Electrification 

Around 52% of the European process industries’ own emissions originate from the use of 
fossil fuels for heating purposes. Based on GHG emission-free electricity, electric kilns could 
reduce the emissions of the cement and lime sector by around one-third [A.Spire, 2020]. 
Electric kiln is assumed to be the most energy efficient with specific energy intensity – 
2.68 GJ/t clinker, which is lower than the most efficient dry kiln [Dhas, S., 2021]. By reducing 
the volume of emissions and improving on exhaust quality compared to (fossil) fuel 
combustion, carbon capture could be eased. [Agora Energiewende and Wuppertal Institute, 
2021]. 

Technologies for high temperatures based on electricity include plasma; electrical flow 
heaters; microwave heating; resistive electrical heating; induction heating [Cembureau, 
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2020b; CemZero project, 2018; Hodges & Woods, 2020] yet they are still in development 
and require further investigation [Sandalow et al., 2019; Global Cement, 2022]. Electric kilns 
will be developed in stages, with research programmes for enabling topics laying the 
foundation [A.Spire, 2020] and public investment in research and development [Hasanbeigi 
et al., 2021]. EU projects, instrumental towards this objective, include CemZero [CemZero 
project, 2018]; LEILAC [LEILAC project, 2016; Agora Energiewende and Wuppertal Institute, 
2021]; LEILAC2 [LEILAC2 description, 2020; HeidelbergCement, 2021]; and Decarbonate 
[Decarbonate project, 2022]. ELSE in Norway or the early demonstration stage for plasma 
torches in clinker manufacture in the UK [Hodges & Woods, 2020] are also contributing to 
knowledge creation on this topics. 

Technology for clinker sintering include Coolbrook Roto Dynamic Heater (foreseen for 

installation in Mexico and India, and for commercial use at industrial scale in 2024 [Global 
Cement Magazine, 2022]) and SaltX electric plasma heating (process which has been tested 
in a pilot plant [SaltX Technology, 2022]). Through the LEILAC project, market readiness of 
CO₂ capture in combination with electrification of the high temperature heat at the 

calciner can be reached as early as 2025 [Agora Energiewende and Wuppertal Institute, 
2021]. Extending electrification will take more time, reaching Technology Readiness Level 
(TRL) 9 in 2035 [A.Spire, 2020], possibly playing a role by 2040 [GCCA, 2021] if already 
commercially ready by then [ETC, 2018]. Indeed strategic decisions add-up to the technical 
and economic feasibility: Technical challenges lay in the required changes in industrial 
equipment [Sandalow et al., 2019]. These result in costs, possibly higher for upgrading 
existing plants than building new capacities in case of increased demand [ETC, 2018]. And 
while the electrification of basic materials production may well be technically possible, this 
would impact both the industry and the energy sector through their physical (supply and 
demand) and economic (prices) interactions [Lechtenböhmer et al., 2016]. This therefore 
drives the installation of renewable energy capacity connected to cement production sites, 
mostly solar electricity [Cimpor, 2021a; Cimpor, 2021b; Górażdże, 2021; Vassiliko Cement, 
2020; Votorantim Cimentos, 2021], though wind electricity is also relevant [Opterra, 2022]. 

4.2.5 Renewable energy and hydrogen 

Other vectors of low carbon high temperature are solar energy [Heliogen, 2019; SOLPart 
project, 2016; Synhelion, 2022] and hydrogen [Cembureau, 2020c; CEMEX, 2021; CEMEX, 
2022b; HeidelbergCement, 2020; NewClimate, 2020; NGHV project, 2022; GCCA, 2021; 
SolCement project, 2021], though hydrogen may not be suitable as a single source of heat 
for the kiln operation [MPA, Cinar Ltd & VDZ GmbH, 2019]. It is worth noting the 
EUR 60 million H2CEM project [Titan, 2022], funded under the EUR 5.2 billion Important 
Project of Common European Interest Hy2Use [European Commission, 2022d]. H2CEM 
foresees the production and use of hydrogen in three Greek cement plants and the 
construction of a pilot rotary kiln, primarily fuelled with hydrogen. More on hydrogen can be 
found in the CCUS section 4.4 of this report, possibly enabling oxycombustion (when 
hydrogen and oxygen are co-produced by hydrolysis), or the production of chemical 
feedstock (when CO2 is combined into chemicals with added value). 

4.3 Alternative cements and/or materials 

While Portland cement is the reference, alternative cement compositions have been and 
are being developed. Drivers are availability of alternative raw materials and needs of 
specific applications, though the carbon intensity of Portland cement is also playing a role, 
striving to reduce the content of carbonate in the raw meal (contributing to process 



 

44 

emissions) and the temperature of the thermal process (contributing to emissions through 
fuel combustion). Mechanical properties of such alternative cements should however not be 
compromised. So the setting and hardening processes are key elements in the identification 
of suitable low-carbon cements. 

Hydraulic cements harden through chemical reactions between cement and water, 
creating hydrates which are not soluble in water. During this process more than 70 
different crystals evolve in the hardening of cement [The Graphene Council, 2021]. Non-

hydraulic cements harden through carbonation reactions with CO2 [Climate Strategies, 
2014]. This approach reverses the calcination of carbonates by mineralising CO2 and is 
therefore of interest also towards CO2 capture and decarbonisation efforts. Carbonation 
also affects Portland clinker and the products of its hydration (such as calcium hydroxide 
and calcium silicate hydrate) [Ylmén & Jäglid, 2013]. As such, carbonation may follow 
hydration. In addition, pozzolanic materials do not harden by themselves when mixed 
with water. Yet, they react at normal ambient temperature, when finely ground and in the 
presence of water, with dissolved calcium hydroxide (Ca(OH)2) to form strength developing 
calcium silicate and calcium aluminate compounds [EN 197-1, 2011]. 

Irrespectively of the approach used, the reactions should lead to physically and chemically 
stable concretes across their (as long as possible) lifetime and (as broad as possible) 
operating conditions. This implies, but is not limited to, the formation of hydrates and/or 
carbonates with low water solubility and high thermal stability (preserving the set concrete 
from water damage, chemical decomposition or strains from changes). For the end-result 
to be of quality, these aspects also need to be considered during the curing process, i.e. 
ensuring physical and chemical stability of the concrete structures through their hardening. 

For these hydration and/or carbonation reactions to take place, the right constituents 
(mineral phases) should be mixed in the right conditions (stoichiometry, also with reactant 
(be it water and/or CO2), temperatures, etc…), awaiting for the reactions to unfold. This 
study reviews cements (standardised cements in Europe or not) and their main mineral 
phases prone to react towards hardened chemicals (Table 6). The objective is to discuss 
alternative sourcing of such mineral phases and/or precursors, in view of identifying cement 
production pathways that may be less CO2 intensive than current Portland cement 
production. 

4.3.1 Review of cements and reactive phases 

This section recalls existing cements, their cementitious phases and their principal 
hardening process, referring to the following cement notation: C = CaO; SiO2 = S; Al2O3 = A; 
Fe2O3 = F; SO3 = $; H2O = H). Cement chemistries are described in three European 
standards: 

— “Common cements” are defined in six classes (CEM I to CEM VI) by standard EN 197. 

All common cements contain Portland clinker (though in various concentrations) which 
hardens through the reaction of mainly four phases (alite; belite; tricalcium aluminate, 
and tetracalcium aluminoferrite). The silicate phases (alite – C3S and belite – C2S) 
hydrate in calcium silicate hydrate (C–S–H) and calcium oxide (CH). The aluminate 
phases (tricalcium aluminate – C3A and tetracalcium aluminoferrite - C4AF) hydrate in 
ettringite, while consuming sulfate provided by gypsum [Cadix & James, 2022]. Further, 
depending on the cement class covered by standard EN 197, Portland clinker may be 
substituted by different materials as indicated in section 4.3.2. 
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— “Calcium aluminous cement” (CAC) is defined by standard EN 14647. The main 

component of CAC is monocalcium aluminate. Other mineralogical compounds include 
calcium alumino-ferrites, dicalcium silicate, and calcium silico-aluminate or gehlenite. 
Hydraulic hardening of calcium aluminate cement is primarily due to the hydration of 
monocalcium aluminate towards the only stable cubic C3AH6 phase [EN 14647, 2005]; 

— “Supersulfated cement” is defined by standard EN 15743. Its main constituent is 
granulated blast furnace slag (GBFS). GBFS consists of at least two-thirds by mass of 
the sum of calcium oxide, magnesium oxide and silicon dioxide. The remainder shall be 
aluminium oxide together with small amounts of other compounds. Supersulfated 
cement hardens providing that hydraulicity of granulated blast furnace slag is activated 
by calcium sulfate or Portland cement. Hydration of calcium sulphate and of Portland 
cement leads to calcium hydroxide (Portlandite or Ca(OH)₂), which then combines with 
the slag oxides to create additional (C-S-H) material [EN 15743, 2015; Pal et al., 2003]. 
It is worth noting the overlap between supersulfated cement defined in EN 15743, 
which contain at least 90% of GBFS and CEM III/C cement, from EN 197, which contains 
81 to 95% of GBFS. 

Alternative cement chemistries are readily available or subject to research and 
development [ISAL, 2021]: 

— Reactive belite cement contains the same four phases than Portland cement, though 
in different proportions. Produced as common cements, though at lower sintering 
temperature, this favours the belite phase over the alite phase and reduces the 
resulting emissions. 

— Calcium sulfoaluminate cement (CSA) is a type of cement largely used in China. This 
type of cement has variable compositions, but all of them contain ye’elimite (also 
known as calcium sulfoaluminate, with a proportion of 5 to 70% in the CSA clinker) and 
other minor phases (such as C2S, CA, C4AF, and C$) [Kleib et al., 2021b]. With calcium 
sulfate (anhydrite, CaSO2 or C$), ye’elimite will hydrate in ettringite, while the absence 
of calcium sulfate leads to calcium aluminate monosulfate (C4A$H12) [Zajac et al., 
2019]. 

— Belite-ye’elimite-ferrite cement (BYF or BCSA) contains ye’elimite in addition to 
belite and tetracalcium aluminoferrite. 

— Carbonatable calcium silicate cement (CCSC) clinker contains mostly wollastonite, 
but also calcium aluminate and rankinite. Both wollastonite and rankinite carbonate into 
calcium carbonate [Sahu & Meininger, 2019]. 

— Magnesium oxides derived from magnesium silicates (MOMS) cement clinker is 
usually composed of magnesium oxysulfate, which forms a magnesium carbonate 
phase after carbonation [Ba et al., 2019]. 

The above mentioned phases and their principal hardening process is summarised in the 
following table (Table 6), referring to the following cement notation: C = CaO; SiO2 = S; Al2O3 
= A; Fe2O3 = F; SO3 = $; H2O = H). 
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Table 6 Overview of cement hardening phases 

Phases name and 

notation 
Chemical composition Cement Reaction Product 

alite; C3S 3CaO·SiO2 OPC Hydration 
calcium silicate hydrate 
(C-S-H) 

belite; C2S 2CaO·SiO2 OPC Hydration 
calcium silicate hydrate 
(C-S-H) 

tricalcium 
aluminate; C3A 

3CaO·Al2O3 OPC 
Hydration with 
sulphate 

ettringite (C6A$3H32) 

tetracalcium 
aluminoferrite; 
C4AF 

4CaO·Al2O3·Fe2O3 OPC 
Hydration with 
sulphate 

ettringite (C6A$3H32) 

monocalcium 
aluminate; CA 

CaO·Al2O3 CA Hydration 
tricalcium aluminate 
hexahydrate (C3AH6) 

Granulated 
blastfurnace slag 

calcium oxide (CaO), 
magnesium oxide (MgO), 
silicon dioxide (SiO2), 
aluminium oxide (Al2O3) 
+ other compounds. 

SSC 

Hydration with 
sulphate or 
Portland 
cement 

calcium silicate hydrate 
(C-S-H) 

ye’elimite or 
calcium 
sulfoaluminate; 
C4A3$ 

4CaO·3Al2O3 SO3 CSA Hydration 
calcium aluminate 
monosulfate (C4A$H12) 

   
Hydration with 
sulphate 

ettringite (C6A$3H32) 

calcium silicate 
hydrate (C-S-H) 

3CaO 2SiO2 4H2O Hydrated Carbonation calcium carbonate (CaCO3) 

calcium hydroxide; 
CH 

Ca(OH)2 Hydrated Carbonation calcium carbonate (CaCO3) 

calcium silicate or 
wollastonite; CS 

CaO·SiO2 CCSC Carbonation calcium carbonate (CaCO3) 

rankinite; C3S2 3CaO·2SiO2 CCSC Carbonation calcium carbonate (CaCO3) 

magnesium 
oxysulfate  

3Mg(OH)2·MgSO4·8H2O MOMS Carbonation 
magnesium carbonate 
(MgCO3) 

Source: JRC. 

4.3.2 Substitute materials to Portland clinker and their activation methods 

Standard EN 197 foresees the addition of constituents (besides Portland clinker and minor 
additional constituents such as Gypsum). These constituents partially replace clinker in 
Portland cement thus saving both energy-related and embodied CO2 emissions. They are 
referred to as supplementary cementitious materials:  



 

47 

— Granulated blast furnace slag shall consist of at least two-thirds by mass of the 

sum of calcium oxide (CaO), magnesium oxide (MgO) and silicon dioxide (SiO2); 

— Pozzolanas consist essentially of silicon dioxide (SiO2) and aluminium oxide (Al2O3). The 
remainder contains iron oxide (Fe2O3) and other oxides. Silica fume and Fly ash are 
pozzolanic materials; 

— Silica fume consists of very fine spherical particles containing at least 85% by mass 
of amorphous silicon dioxide (SiO2); 

— Fly ash mainly consists of silicon dioxide (SiO2) and aluminium oxide (Al2O3). The 
remainder contains iron oxide (Fe2O3) and other compounds. Depending on the 
proportion of reactive calcium oxide (CaO), fly ash are deemed siliceous (CaO < 10% by 
mass) or calcareous (CaO > 10% by mass). In addition to pozzolanic properties, 
calcareous fly ash also display hydraulic properties. 

— Burnt shale contains clinker phases, mainly dicalcium silicate (belite) and monocalcium 
aluminate (CA). It also contains, besides small amounts of free calcium oxide (CaO) and 
calcium sulfate (C$), larger proportions of pozzolanically reacting oxides, especially 
silicon dioxide (SiO2). Consequently, in a finely ground state burnt shale shows 
pronounced hydraulic properties like Portland cement and in addition pozzolanic 
properties. 

— Limestone is mainly composed of calcium carbonate which, when finely ground, 
displays properties beneficial to the cement and concrete [GCCA, 2022]. 

Most reactive phases are the result of combinations between calcium, aluminium and 
silicon oxides. Figure 29 summarises different raw materials providing the suitable chemical 

mix and cement phases. It is worth noting the technical possibility to use raw 

materials that are not (yet) explicitly referred to in standards. 

Figure 29 Raw materials (left) and cement phases (right) in the calcium oxide, aluminium oxide and silicon oxide system 

 
Source: JRC, based on [Novak, T., 2022] & [Taylor, H. F. W., 2007] 

For a specific (hydration or carbonation) reaction to take place, material reactivity needs to 
be enhanced. Hydration [ECRA & WBCSD/CSI, 2017] and carbonation [Wang et al., 2021] 
reactions can be enhanced, along (a mix of) activation approaches depicted in Table 7. 
Comminution and chemical activation are the most common methods, especially used for 
common cements. 
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Table 7 Review of activation methods 

Method Technological features Advantages Disadvantages 

Chem. 
additives Modification of formulations 

Wide range of modified 
formulations High price 

Addition of 
surface active 
substances 

Formation of additional crystallisation 
centres and stimulation of growth of 
neoplasms of secondary generation 

Compaction of cement 
stone structure 

Limited range of 
applications 

Grinding of 
binder by a 
mill 

Different types of mills—ball, vibratory, 
vario-planetary, etc. Simplicity 

High energy 
costs 

Liquid-phase 
mechano 
activation 

The mechanical effect produced by 
rotary-pulsating apparatus 

Hydration occurs more 
fully and the mobility of 
the concrete mix increases 

Small amount of 
the mixture 
charge per cycle 

Magnetic 
activation of 
mixing water Cycle magnetic water treatment Energy efficiency 

Expensive 
equipment 

Hydro 
dynamic 
activation 

Synergistically used are the physical and 
chemical processes occurring in the water 
flow: aeration, cavitation (cold boiling), 
collapsing, coagulation 

Transfer of dissolved 
substances in water into 
insoluble substances and 
their removal 

Relatively low 
efficiency 

High-voltage 
electrical 
discharge 
treatment 

The imposition on a water-cement system 
of a constant field of high intensity leads 
to phenomena of electrolysis of water 
and electrophoresis, i.e. of the motion of 
charged particles in an electric field 

Significant change in the 
ion composition of the 
suspension and the 
appearance in the water 
of polarized groups 

Technological 
complexity 

Electro 
physical 
activation 

Electromagnetic action (sometimes 
followed by steaming)  

Improvement in elastic 
strength of concrete High costs 

Microwave 
(dielectric) 
heating 

The absorption by the material the energy 
of the electromagnetic fields of the high-
frequency or microwave range and the 
conversion of this energy to thermal 

High speed of 
technological process 

Expensive 
equipment 

Thermal 
activation 

Heating with subsequent cooling 
according to various schemes 

A relatively simple and 
effective way High costs 

Ultrasonic 
treatment 

Ultrasonic treatment causes the effect of 
cavitation, grinding of solid particles, 
micro cracks in crystals 

Intensification of cement 
hydration processes 

High energy 
costs 

Thermo 
acoustic 
activation 

The cement paste is pre-treated in an 
aerohydrodynamic activator, followed by 
stirring with aggregates and heating 
before laying at 60–65°C. 

Strength increase 1.5 
times 

Complexity of 
processing 

Hydration reactions can lead to different products depending on the presence or absence of readily available sulphate ions. 

Source: [Fediuk et al., 2018]. 
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4.3.3 Investigation towards low-carbon cements 

Following the overview of known mineralogical phases that can hydrate and carbonate and 
develop and strength bearing products and raw materials that lead to such active phases, 
the next section will focus on identifying combinations of raw materials and activation 
methods for innovative and potentially low-carbon cements. Along the standardisation 
approach, careful testing of alternative raw materials used in the clinker production process 
is required [ECRA & WBCSD/CSI, 2017]. 

Following a USD 0.5 million grant for research [ARPA-E, 2020], Brimstone (US) received 
USD 55 million for the construction of a pilot plant, which aims to produce Portland cement 
from calcium silicate rock, in place of calcium carbonates [CNBC, 2022]. Calcium silicate 
clinker can also be manufactured through an alternative process (i.e. without a kiln): pre-
hydrated calcium silicate compound (α-C2SH) can be produced in autoclave and activated 
by intergrinding (silica-rich) materials [ECRA & WBCSD/CSI, 2017], such as celitement or 
heating at low temperatures [UNEP, 2017]. 

Similarly to granulated blast furnace slag, fly ash and silica fume, wastes of thermal 
processes are likely to contain de-carbonated minerals. Pozzolanas are naturally occurring 
materials, readily available underground [ETH, 2018] or in biomass waste (e.g. rice husk). 
However, pozzolanas require activation by thermal treatment before they can be used as 
clinker replacement [ECRA & WBCSD/CSI, 2017]. As pozzolanas, calcined clays may be 
incorporated into blended cements, under standard EN 197-1 [ONESTONE CONSULTING 
LTD., 2021], such as and Materrup MCC1 cement [Materrup, 2022]. Calcined clays are also 
investigated by Vicat [FLSmidth, 2021b]. The adoption of EN 197-5 in May 2021, enables 
higher use of pozzolana (i.e. ranging between 36% to 50% of cement composition) [EN 
197-5, 2021], such as Cementir FUTURECEM cement [Cementirholding, 2022]. Yet there is 
even potential for cements (like Crosslinked Clay Cement) with up to 70% raw clay 
[Materrup, 2022]. 

Geopolymers are a clinker-free alternative to cement. Geopolymers are the result of a 
reaction between solid aluminosilicate materials (such as fly ash, GBFS, or naturally 
occurring metakaolin) and an alkaline solution (such as sodium silicate). Most of the 
emissions come from the production of the alkaline solution: Either through the carbonation 
of sodium carbonate or for the electrolysis of salt, the latter being possibly decarbonised 
through renewable energy [BZE, 2017; ECRA & WBCSD/CSI, 2017; ETH, 2018; Singh et al., 
2020]. Since fly ash and GBS can already be incorporated into Portland cement, 
decarbonisation benefits seem limited. However the European Regional Development Fund 
(ERDF) funded project REINCE aims at developing geopolymers from materials with limited 
uses [Cementos Cruz, 2022], such as waste materials from pulp industry [CICECO, 2019]. In 
addition to supersulfated cement, based on slag, Hoffmann Green Cement (FR) is 
commercialising alkali activated cements. The construction of its second plant (H2) required 
an investment of EUR 22 million. This plant is expected to product 250 kt clinker-free 
cement per year from 2023 [Hoffmann Green Cement, 2022], and a third production plant 
is already planned for 2024 [Hoffmann Green Cement, 2022b]. 

4.3.4 Carbon negative cements 

Most emissions in current cement production stem from the calcination of limestone 
(calcium carbonate) in calcium oxide for the production of clinker: Reducing the share of 
limestone as raw material for clinker production does reduce CO2 emissions. Further, 
cement curing through carbonation processes serve as CO2 sink throughout the material 
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lifetime. By enhancing and combining the two approaches (developing alternatives to 
Portland clinker that may sequester CO2), carbon capture may exceed CO2 emissions over 
the cement lifetime, thereby defining carbon-negative cement [Chatham House, 2018]. 
Such cements hold potential to make a significant contribution to the fight against climate 
change. However promising, these cements are not yet ready to be commercialised and 
require further research [BZE, 2017] since processes are still at low Technology Readiness 
Levels [Rootzén, J., 2015]. This approach to zero-carbon cement may play a role only at a 
later stage compared to geopolymer cements, reducing the use of clinker, mineral 
carbonation and reducing the use of cement [BZE, 2017], though research is ongoing: 
German project K4 aims, on one hand, to develop low-calcium clinker from recycled cement 
paste, thereby reducing the requirement for limestone; And, on the other hand, to develop a 
new type of curing process through the capture of carbon dioxide [K4 project, 2022]. 

Carbonation of Portland clinker-based concretes is naturally occurring (see section 4.3.1) 
and can be enhanced, though this remains complex to implement and with minimal CO2 
consumption. Though it further hardens concrete, it lowers its pH thus threatening steel 
reinforcements. Special carbonatable calcium silicate clinkers (CCSC) are more effective at 
capturing CO2 and less CO2 intensive in their production, yet their low reactivity prevents 
hardening by hydration. Another avenue focuses on hydraulic cements based on 
magnesium oxide from magnesium silicates. Such MgO-based clinkers can be made using 
ultramafic rocks (composed of magnesium silicates and rich in basic MgO) instead of 
limestone. This avoids CO2 emissions from limestone calcination while enabling CO2 capture 
as magnesium carbonates [UNEP, 2017]. Provided that mineralisation is eligible for ETS 
credits, this approach may even be economical [Strunge et al., 2022]. 

4.4 Carbon Capture, Utilisation & Storage 

Implementing the vision for a low carbon society requires among other measures, 
accelerated development and deployment of CO2 emissions reduction options [IEA & 
WBCSD/CSI, 2018]. CCUS) is seen as a promising solution to address cement CO2 emissions 
from cement production. The International Energy Agency (IEA) identifies the integration of 
emerging and innovative technologies, like carbon capture, to provide the largest 
cumulative CO2 emissions reductions: the reduction reaches 48% by 2050 in the 2 Degrees 
Celsius (2DS) scenario in comparison to the Reference Technology Scenario (RTS). The policy 
scenarios on the impact assessment of the European Commission’s Climate Target Plan 
achieve reductions on the industrial sector ranging between 88% and 93% compared to 
2015. A major part of the reductions in 2050 is due to technologies such as clean gases 
and carbon capture and storage and carbon removals, including CCUS technologies and CO2 
storage in materials [European Commission, 2020c]. However, no specific information on 
the cement sector is available. 

Emission mitigation is hampered by the different origins of emissions (calcination of 
limestone and fuel combustion for thermal processes). It may be easier and/or cheaper to 
address emissions after their production than to eliminate or even mitigate the different 
sources of emissions independently, thereby making case for CO2 capture and storage. 
Several steps are needed for this approach to successfully prevent CO2 release in the 
atmosphere: CO2 needs to be captured where it is produced (in this case a cement plant) 
and it needs to be transported to a facility for handling (i.e. either for its storage or for its 
transformation and further use). With developments happening across the globe [Plaza et 
al., 2020], this section focuses on European progresses: Table 8 summarises efforts 
towards CO2 capture, directly impacting the cement production, providing a description of 
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the relevant technologies and of their application; CO2 transport and handling are also 
highlighted, when applicable to an ongoing CCUS project in the EU cement industry; while 
Table 10 summarises progresses towards CO2 utilisation following capture and transport. 

4.4.1 Carbon capture technologies 

While CO2 capture is technically feasible, large scale roll-out remains to happen to 
effectively contribute to climate change. Various approaches and even more technologies 
are being developed [GlobalCCSInstitute, 2021], though only a subset is investigated in 
approx. 20 EU cement plants (Table 8). Due to emissions from the calcination of limestone, 
the cement industry displays high CO2 concentration in exhaust gases, higher than in the 
power generation sector. This strengthens the case for carbon capture in this industry. 

Within the ConsenCUS project (2021-2025), Cementir will test from 2023 a demonstration 
plant at Aalborg (DK). Carbon capture will rely on alkali absorption, coupled to a novel 

electrodialysis cell to capture up to 100 kgCO2/hour. The objective is to reach TRL 7 
[ConsenSUS project, 2021]. 

The CLEANKER project (2017-2021) demonstrated calcium looping at Buzzi Unicem’s 
plant in Vernasca (IT) [CLEANKER description, 2017; CLEANKER project, 2017]. In the frame 
of the ANICA project (2019-2022), Dyckerhoff will rely on the indirectly heated carbonate 
looping (IHCal) process to capture CO2 at its Göllheim (DE) plant, striving to reach TRL 6 
[ANICA, 2022]. Calcium (and chemical) looping technologies involve oxides in carbonation 
and calcination processes to concentrate CO2 emissions, while indirect heating is another 
approach to CO2 capture described below. 

With the ACCSESS project (2021-2025), HeidelbergCement aims to demonstrate at TRL 7 
CO2 capture with enzyme-based post combustion capture technology along three axis: 

Integrate Saipem solvent (7) technology; pilot Saipem solvent combination with Prospin 
Rotating Packed Bed technology (8) at Górazdze (PL) cement plant; and use of Linde (9) 
amine based post-combustion capture technology at Hanover (DE) facility [ACCSESS 
description, 2021; ACCSESS project, 2021]. 

Technology based on Iolitec (10) ionic liquid are being developed and tested at Titan’s 
Kamari (HE) facility in the frame of the RECODE project (2017-2022), with the objective to 
increase to TRL 6 [RECODE description, 2017; RECODE project, 2017]. 

Technology relying on amine scrubbing is being implemented at Mannersdorf (AT) site 
(operated by Lafarge) in the frame of the Carbon2ProductAustria project. The objective is to 
capture 10 ktCO2/year. To this end, CO2 is dissolved in the amine solvent in the absorber 
tower and released in the desorber tower. Once the steam is condensed, exhaust is 
composed of pure CO2 (>95 wt.-% CO2) [C2PAT, 2022]. 

Solvent technology is also mobilised in Carbon Clean APBS-CDRMax technology, in which 
Amine-Promoted Buffer Salts (APBS) extract CO2 from the flue gas of industrial plants 

                                                        

 

(7)  https://www.saipem.com/en/solutions/renewables/carbon-capture 
(8)  https://www.rpb-prospin.com/products 
(9)  https://www.linde-engineering.com/en/process-plants/co2-plants/carbon-capture/post-combustion-capture/index.html 
(10)  https://iolitec.de/technology/energy-cleantech/co2-capture 
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[Carbon Clean, 2022]. This technology is being implemented at Holcim’s Carboneras (ES) 
plant for capturing 10% of CO2 emissions from 2022 [LafargeHolcim & Carbon Clean, 
2021]. Further a feasibility study indicates the possibility for this technology to capture 
100 tCO2/day at Rüdersdorf (DE) with the possibility to be ramped up to 2 kt/day providing 
funding is made available [Carbon Clean & CEMEX, 2021]. 

Hereon’s PolyActive membrane [Brinkmann et al., 2022] is being tested at Holcim’s Höver 

(DE) site. The objective is to capture 5.6 ktCO2 in 2023 to 1.3 MtCO2 from 2026 [Holcim & 
Cool Planet, 2021]. 

Cryogenic separation and membrane technology are mobilised in Air Liquide installation 

relying on Cryocap technology (11). This includes Holcim’s Kujawy (PL) and Eqiom’s Lumbres 
(FR) sites. It is worth noting that the latter plant received funding through the EU 

Innovation Fund K6 project [Eqiom, 2022]. 

The approaches towards CO2 capture described above rely on separation processes. 
However oxyfuel combustion and indirect heating for the calcination of limestone do also 
deliver exhaust gas with high CO2 content, ready for further handling. 

LEILAC1 (2016-2021) and LEILAC2 (2020-2025), implemented at HeidelbergCement sites 
of Lixhe (BE) and Hanover (DE), rely on Calix technology (12) for the carbon capture by direct 
separation through indirect heating and calcination of limestone [LEILAC project, 2021]. In 
this approach, limestone is finely grinded. This powder is then briefly heated in a 
specifically designed reactor. Limestone calcination and fuel combustion take place in 
separate chambers, allowing for distinct exits of exhaust gases. Exhaust gas of the 
calcination chamber display a high CO2 purity. And this technology is compatible with 
electrification, possibly decarbonised by the use of renewable energy. 

Injecting pure oxygen, in place of air, in the kiln improves combustion and – by removing 
nitrogen - increases CO2 concentration in exhaust gas. Pure oxygen can be sourced in 
different ways, though large quantities are needed [ECRA, 2016b]. This approach, called 
oxyfuel or oxy-combustion is currently tested at various cement production sites: 

— A 330 MW electrolyser for hydrogen production is being planned for 2023 close to 
Vicat’s Montalieu-Vercieu (FR) plant. The decomposition of water into hydrogen will 
provide oxygen required by the cement plant oxycombustion. 

— Oxyfuel technology is also tested at LafargeHolcim site Lägerdorf (DE). Westkueste100 
project investigated the feasibility study for conversion to an oxyfuel process for the 
production of synthetic hydrocarbon [Westkueste100, 2019] while Carbon2Business 
project is implemented a 2nd generation oxyfuel process, aiming to capture over 
1 MtCO2 annually [Holcim, 2022c]. 

— In the frame of the CEMCAP project, Hanover (DE) site of HeidelbergCement has been 
used for the design of a full demonstration plant (TRL 7) based on oxyfuel [CEMCAP 
project WP9, 2018]. This site is also the location for the LEILAC2 project, which aims at 
concentrating CO2 in the exhausts gas of the calciner. The CEMCAP project also looks 

                                                        

 

(11)  https://www.engineering-airliquide.com/fr/cryocap-h2-separation-cryogenique-du-co2 
(12)  https://calix.global/our-technology/ 
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into chilled ammonia process; membrane-assisted CO2 liquefaction; and calcium looping 
(CaL) capture, advancing the former technology to TRL 6 [CEMCAP project, 2018]. 

— Supported by four European cement producers, gathered in the Cement Innovation for 
Climate consortium, Schwenk’s Mergelstetten (DE) site is operating a demonstration 
plant based on Polysius Pure Oxyfuel (13) technology [Catch4climate, 2021; 
Catch4climate, 2021b; Catch4climate, 2022], with a capacity of 450 t/day [UVP-
Verbund, 2022]. 

— The ongoing upgrade of Holcim’s Obourg plant (BE) is foreseen to include 
oxycombustion technology [Holcim, 2021b; Holcim, 2022]. Along the same line, 
HeidelbergCement’s Colleferro (IT) and Holcim’s Retznei (AT), sites have been selected 
for ECRA’s research project on CCS [CCUS projects network, 2019; ECRA, 2018]. 

                                                        

 

(13)  https://insights.thyssenkrupp-industrial-solutions.com/story/polysiusr-pure-oxyfuel-best-in-class-technology-for-carbon-capture-in-cement-production/ 
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Table 8 CO2 capture projects in the EU cement industry 

Country Plant Company Technology More info 

Austria Mannersdorf Lafarge Amine scrubbing in full-scale plant by 2030 Carbon2ProductAustria project 

Austria Retznei Holcim Design of oxyfuel kiln ECRA research project 

Belgium Lixhe HeidelbergCement  Pilot plant for indirect heating LEILAC1 (2016-2021) 

Belgium Obourg Holcim Plans for oxyfuel technology by 2029 GO4ZERO project 

Denmark Aalborg Cementir Alkali absorption to TRL 7 ConsenCUS project (2021-2025) 

Denmark Aalborg Cementir Oxy-combustion [GreenCem project, 2020] 

France Lumbres Eqiom Cryogenic separation [Eqiom, 2022] 

France Montalieu-Vercieu Vicat Oxy-combustion 330 MW electrolyser by 2025 

Germany Göllheim Dyckerhoff Indirectly heated carbonate looping (IHCal) to TRL 6 ANICA project (2019-2022) 

Germany Hannover HeidelbergCement  Enzyme-based post combustion capture to TRL 7 ACCSESS project (2021-2025) 

Germany Hannover HeidelbergCement  Demonstration plant for indirect heating LEILAC2 (2020-2025) 

Germany Hannover HeidelbergCement  Chilled ammonia process to TRL 6 CEMCAP project (2015 – 2018) 

Germany Hannover HeidelbergCement  Membrane-assisted CO2 liquefaction to TRL 6 CEMCAP project (2015 – 2018) 

Germany Hannover HeidelbergCement  Calcium looping (CaL) capture to TRL 6 CEMCAP project (2015 – 2018) 

Germany Höver Holcim Membrane in full-scale plant by 2026 [Holcim & Cool Planet, 2021]. 

Germany Lägerdorf Holcim Feasibility to convert to oxyfuel Westkueste100 project  
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Germany Lägerdorf Holcim Testing of 2nd generation oxyfuel Carbon2Business project 

Germany Mergelstetten Schwenk Pilot plant (0.15 Mt cement) with oxyfuel Catch4climate consortium 

Germany Rüdersdorf CEMEX Design of Calcium Carbonate Looping SCARLET project (2014-2017) 

Germany Rüdersdorf CEMEX Amine-Promoted Buffer Salts (APBS) in operation [Carbon Clean & CEMEX, 2021] 

Greece Kamari Titan Ionic liquid to TRL 6  RECODE project (2017-2022) 

Italy Colleferro HeidelbergCement Design of oxyfuel kiln ECRA research project 

Italy Vernasca Buzzi Unicem Calcium looping to TRL 7 CLEANKER project (2017-2021) 

Poland Górazdze HeidelbergCement  Enzyme-based post combustion capture to TRL 7 ACCSESS project (2021-2025) 

Poland Kujawy Holcim Cryogenic separation [European Commission, 2022] 

Spain Carboneras Lafarge Amine-Promoted Buffer Salts (APBS) in operation [LafargeHolcim & Carbon Clean, 2021 

Source: JRC based on company announcements 
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4.4.2 CO2 transport and storage 

While CO2 capture matters most to the cement industry, CCUS projects require transport 
between a well to a sink or utilisation site to mature. Transport and storage technologies 
come in various forms and costs [GlobalCCSInstitute, 2021; GlobalCCSInstitute, 2022]. The 
ACCSESS project (2021-2025) strives to lift barriers across the whole chain and therefore 
assesses current and future CCS chains, such as ship-based offshore CO2 transport in the 
North Sea. Further research will be conducted on technological solutions for enabling low-
cost CO2 transport [ACCSESS project, 2022]. 

The Greensand project foresees CO2 liquefaction and its transport by boat to the storage 
site [Greensand description, 2020; Greensand description; 2021; Greensand project, 2020]. 
This approach is consistent with the Cryogenic Separation and membrane technology being 
tested at two European sites close to projects of common interest 12.8 and 12.9 (namely 
Holcim’s Kujawy (PL) and Eqiom’s Lumbres (FR), see above). The GO4ECOPLANET project 
will indeed liquefy the CO₂ captured at Kujawy and transport it by train and boat to the 
offshore storage sites [European Commission, 2022]. CO2 emissions for Aalborg (DK) plant 
are foreseen to be stored in the North seabed through the Greensand project. 

In addition, the EU innovation fund will make EUR 190 million available for the ANRAV 
project [European Commission, 2022]. This initiative is developing a full chain of CO2 
infrastructure around HeidelbergCement’s plant in Devnya (BG), capturing capacity of 
0.8 MtCO2/year by 2028 with storage under the black sea [HeidelbergCement, 2022b]. 

The CLEANKER project strives to model and quantify the costs of the overall CCUS chain. 
While several transport options (pipeline, ferry, truck, train) are considered between the 
participants, a pipeline is the only option modelled between well and sink. Building on the 
natural gas pipelines infrastructure is deemed the most economic route for CO2 gas 
pipelines [CLEANKER project del. 7.1, 2019]. 

Regarding the location of storage sites, significant knowledge is readily available 
[CLEANKER project del. 7.1, 2019; ConsenSUS project del. 8.2, 2022]. The characterisation 
of potential CO2 storage is an important prerequisite for the large scale deployment of CCS 
in Europe. In support of this, the European Commission funded the CO2StoP project (CO2 
Storage Potential in Europe), which made a first assessment of the European CO2 storage 
capacity, both onshore and offshore (14). Mapping the EU’s integrated cement plants over 
potential geological CO2 storage sites in Figure 30 shows potential for CO2 storage in the 
European cement industry. 

Mapping the EU’s cement plants over potential geological CO2 storage sites in Figure 31 
shows that 72% of the production capacity is less than 70 km away from a suitable 
geological formation, and 13% of the capacity (in 24 cement plants) is located above a 
possible CO2 site. Only 20% of the capacity (in 33 cement plants) is located farther than 
100 km from a potential CO2 storage site. 

                                                        

 

(14)  Available at: https://setis.ec.europa.eu/european-co2-storage-database_en 
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Figure 30 Cement integrated plants and their proximity to potential CO2 storage sites 

 
Source: JRC based on [GCD, 2022] and CO2StoP 

Figure 31 Cement capacity vs shortest distance to potential CO2 storage unit 

 
Source: JRC based on [GCD, 2022] and CO2StoP 
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4.4.3 CO2 utilisation 

The CEMCAP project investigates post-capture CO2 management and emerging industrial 
uses of CO2 (Figure 9), some of which are further tested in various European sites. While 
cement carbonation is already covered above (see sections 4.3.1 and 4.3.4), this section 
focuses on the carbonation of recycled or waste materials from the construction and 
cement sectors. Progresses towards specific applications (greenhouse CO2 or chemicals, 
including synthetic fuels) are also referred to. 

Table 9 Selected key markets for CO2 Utilisation in the EU 

Product 

Market size 

(Mt/year) 

Product 

price (€/t) 

CO2 uptake 

potential (Mt/year) Route TRL 

Aggregates 53200 20 3600 MINERALIZATION 9 

Carbonated 
concrete 5000 25 500 MINERALIZATION 9 

CO2 food 17 80-150 17     

CO2 
greenhouse 
gas 5 50-80 5   9 

Ethanol 87 630 166 CATALYTIC HYDROGENATION 9 

Methanol 80 250 110 CATALYTIC HYDROGENATION 9 

Source: CEMCAP project. 

Greenhouses will be provided with CO2 sourced at Carboneras’ plant at Almería (ES). This 

should capture 10% of the plant CO2 emissions from 2022, potentially reaching 100% of 
the plant emissions (0.7 MtCO2) [Lafargeholcim, 2021b; LafargeHolcim & Carbon Clean, 
2021]. Considering biomass more broadly, algae bio-sequestration will be demonstrated 
at Vicat’s Montalieu-Vercieu (FR) facility, where Algosolis PhotoBioRéacteur allows for the 
production of 1 t dry algae/year [Vicat, 2021]. This development builds on numerous 
projects in the cement industry since 2009 [CimentAlgue project, 2019]. 

The production of various chemicals (formic acid, oxalic acid and glycine) is tested (TRL 6) 

at Titan’s Kamari (HE) facility [RECODE project, 2017]. 1,800 l of formic acid is also 
produced daily thanks to CO2 captured at Rohrdorfer facility [Rohrdorfer, 2022] and 
2.3 kt olefin/year will ultimately by produced through the Carbon2ProductAustria project, 
thereby capturing almost 100% of at Lafarge’s Mannersdorf (AT) emissions [C2PAT, 2022]. 

The production of synthetic fuels is also envisaged for several sites: In the frame of the 

Carbon2Business project [Holcim, 2022c] about 1 MtCO2/year, captured at Lägerdorf (DE) 
plant, will be provided to the (Important Projects of Common European Interest (IPCEI) 
hydrogen funded) HySCALE100 installation for transformation into synthetic methanol 
[Holcim, 2022d]. Starting from 2025, methanol will also be produced at Vicat’s Montalieu-
Vercieu (FR) plant. About a quarter of France methanol demand (0.2 Mt methanol/year) 
could be supplied by capturing 40% of the plant's CO2 [Vicat & Hynamics, 2021]. A 
feasibility study is being conducted between Buzzi Unicem and Italgas for the production of 
synthetic methane at Vernasca (IT) plant [Buzzi Unicem & Italgas, 2022]. 15 kt e-kerosene 
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and e-naphtha will be produced annually, capturing 100 tCO2/day produced by Rüdersdorf 
(DE) [Concrete Chemicals project, 2021]. Provided that the EUR 35 million funding is 
approved, Finnsementti’s Lappeenranta plant may be providing CO2 for the production of 
25 kt methanol by 2026 [St1, 2022], in connection to the Decarbonate project [Decarbonate 
project, 2022]. 

Among the uses of CO2, carbonation (also known as CO2 mineralisation) is of interest for 

the construction sector. On one hand, it can be used for carbonation curing (see 4.3.1); on 
the other hand it offsets CO2 emissions of this industry (otherwise CO2 intensive): Re-
carbonation is a naturally occurring process in which cement in concrete re-absorbs CO2. 
Since carbonation reverses the calcium carbonates calcination, which is necessary in the 
current Portland clinker production process, one may consider that the CO2 captured by 
carbonation was actually released during clinker production, even though the CO2 molecules 
captured may have different origins. In theory, all CO2 emissions from calcination can be 
offset by carbonation, however the two processes take place at different time: Calcination 
takes place in the production phase of clinker; carbonation takes place over the lifetime of 
the concrete and its cement. Research indicates that 23% to 30% of annual process 
emissions by the cement industry are captured annually by the carbonation of the cement 
stock in-use [IVL, 2018; Cao et al., 2020]. This process can be stimulated by increasing the 
surface area (thus by separating and grinding cement paste from concrete) and by 
increasing the CO2 content and temperature of contact gases. Doing so increases CO2 
capture to half of CO2 process emissions from limestone calcination. Furthermore, the 
carbonated material can be used as a clinker replacement in cement or as an additive in 
concrete [Cembureau, 2020c]. 

This process has only recently been referred to carbon accounting as a carbon mitigation 
measure [IPCC, 2021]. Assuming a conservative capture rate of 20% of emissions annually 
and assuming a decrease of clinker-to-cement ratio in the coming decades, global 
recarbonation is forecasted to lay at 242 MtCO2 in 2050 [GCCA, 2021]. This process is 
however already accounted for by the industry in its quest to net-zero cement 
[HeidelbergCement, 2020; Holcim, 2021]. 

Outside the cement industry, yet within the construction sector, carbonation can be used as 
substitutes for natural aggregates. As opposed to calcination, this approach permanently 
sequesters CO2. It relies on “alkaline” wastes, such as iron and steel slag, fly ash, lime mud, 
and red mud, which however may be used as alternatives to clinker. These materials can 
then be mobilised along two fronts for the decarbonisation of the construction sector [ISAL, 
2021]. Few companies already commercialise products following this approach: (e.g., Blue 
Planet (15); CarbonCure (16) and Carbon8 (17)). Blue planet received financial investments 
from Holcim, US and Lafarge, CA [Lafarge, 2022]; Carbon8 is being commercialised at 
Montalieu-Vercieu, France [Vicat, 2020] and possibly in Rüdersdorf, Germany [CEMEX, 
2021b]. And research is progressing: French project Fastcarb tests its technology at two 
locations in France [Fastcarb, 2021]; German project C²inCO2 has recently been launched 

                                                        

 

(15)  https://www.blueplanetsystems.com/technology 
(16)  https://www.carboncure.com/carbon-mineralization-in-concrete/ 
(17)  https://www.carbon8.co.uk/ 



 

60 

[C²inCO2 project, 2020]; the CLEANKER project designed a pilot facility for mineralisation 
tests in Vernasca (IT) [CLEANKER project del. 7.5, 2019]; the RECODE project reached TRL 6 
for the production of CaCO3 nanoparticles to be used as concrete fillers via a packed bed 
reactor [RECODE project, 2017]; the Carbongreen project aims at piloting the production 
nanocarbons via CO2 reduction at a cement facility [Carbongreen, 2021] and the ACCSESS 
project aims at improving to TRL 7 a process for carbonation of demolition fines [ACCSESS 
project, 2021]. 

Table 10 Carbon storage and utilisation projects in the EU cement industry (as of July 2022) 

Country Plant Company Utilisation 

Bulgaria Devnya HeidelbergCement Storage; 0.8 MtCO2 by 2028. ANRAV project 

Denmark Aalborg Cementir Storage; 1.5 MtCO2/year by 2025. Greensand project 

Poland Kujawy Holcim Storage; GO4ECOPLANET project 

Austria Mannersdorf Lafarge 
Utilisation; Synthetic hydrocarbons: Production of 
2.3 kT polyolefin/year. [C2PAT, 2022] 

Belgium Lixhe HeidelbergCement  Utilisation; Chemicals & building materials. RECODE project 

Denmark Aalborg Cementir Utilisation; synthetic fuel. GreenCem project 

France Créchy Vicat 
Utilisation; Concrete carbonation: Storing 
40kgCO2/t recycled aggregates. Fastcarb project. 

France 
Montalieu-
Vercieu Vicat 

Utilisation; Aggregates Carbon8 CO2ntainer [Vicat, 2020] 
Utilisation; Methanol [Vicat & Hynamics, 2021] 
Utilisation; Algae through Algosolis PhotoBioReacteur 
[Vicat, 2021] 

Germany Lägerdorf Holcim 
Utilisation; synthetic fuel. Westkueste100 & 
Carbon2Business projects 

Germany Mergelstetten Schwenk 
Utilisation; Synthetic hydrocarbons [HeidelbergCement, 
2020b] 

Germany Rohrdorf Rohrdorfer Utilisation; 1,800 l formic acid daily [Rohrdorfer, 2022] 

Germany Rüdersdorf CEMEX 

Utilisation; Aggregates through Carbon8 CO2ntainer 
[Cemex, 2021b] 
Utilisation; e-kerosene and e-naphtha: 15 kt e-kerosene 
and e-naphtha will be produced annually, capturing 
100 tCO2/day [Concrete Chemicals project, 2021] 

Greece Kamari Titan Utilisation; Chemicals & building materials. RECODE project 

Italy Vernasca Buzzi Unicem 
Utilisation; Synthetic methane [Buzzi Unicem & Italgas, 
2022] 

Spain Carboneras Lafarge 
Utilisation; Agriculture. [Lafargeholcim, 2021b; 
LafargeHolcim & Carbon Clean, 2021] 

Source: JRC based on company announcements [Cementir, 2021] 



 

61 

In addition to the above list, other sites have not (yet) been identified. These are the 
location of LafargeHolcim and Schlumberger New Energy collaboration [LafargeHolcim, 
2021] and the location of Holcim and Eni collaboration, in which CO2 will be mineralised 
[ENI, 2022; Holcim, 2022b]. 

In addition, sites in the direct vicinity of the EU provide valuable information and partners to 
EU projects. These are Brevik, Norway [Norcem, 2022]; Padeswood, UK [Hanson, 2021] and 
Ketton, UK [Hanson, 2022]. 

4.4.4 Costs 

Techno-economic studies performed for theoretical cement plants report CO2 abatement 
costs in the range from about USD 55-70/tCO2 (18) avoided for oxy-fuel technologies and 
about USD 90-150/tCO2 avoided for post-combustion. These costs are excluding CO2 
transport and storage and are subject to reference plant size [ECRA & WBCSD/CSI, 2017; 
IEAGHG, 2013]. 

The Zero Emissions Platform (ZEP) also reported the cost estimation for a representative 
new-build cement plant undertaken in the IEAGHG study [IEAGHG, 2013]. The study 
considered a typical production capacity of 1 Mt clinker/year, corresponding to 1.36 Mt 
cement/year with various carbon capture options, both post-combustion and oxy-fired. The 
best case for a fully oxy-fired arrangement reported, led to 84% CO2 avoidance, with 
avoidance costs of EUR 40.9/tCO2 [ZEP, 2017]. 

                                                        

 

(18)  Costs are reported in 2015 USD. Costs reported in original sources are EUR 40-50 per tonne (EUR/t) avoided CO2 for oxy-fuel and 65-110 EUR/t avoided 
CO2 for post-combustion [IEAGHG, 2013]; >50 to >70 EUR/t avoided CO2 [ECRA & WBCSD/CSI, 2017] 
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5 Drive towards decarbonisation 

Scenarios affecting the cement industry suggest different pathways towards 
decarbonisation by 2050: Several technologies are expected to contribute to the 
decarbonisation ambition of the cement industry with their mitigation potential [Somers & 
Moya, 2020]. The production of low-CO2 cement is drawing increasing attention at global 
level as well as in the EU. Industrial actors are coming forward with targets to achieve 
climate neutrality by 2050. The EU now has the opportunity to be a frontrunner in helping 
the industry bridge the ‘green premium’ on low-CO2 cement by creating lead markets for 
green cement. 

5.1 The role of R&D 

The breakthrough technologies needed to decarbonise cement production are the results of 
decades of R&D in the sector. Before this new cement capacity is commercially deployed, 
the identified decarbonisation technologies still need to be moved up the TRL ladder and 
will require further R&D investments for pilot, demonstration and first-of-a-kind 
commercial plants. The different technologies identified in the previous sections have vastly 
different maturity levels. Some could technically be deployed today (Biomass), some still 
need minor process adjustments (WHR) and some are still at an early deployment stage 
(CCUS). Furthermore, the cost trajectory and TRL of many technologies are dependent on 
progress in auxiliary technologies that are not specific to the cement industry (hydrogen 
electrolysers, carbon capture technologies), as shown on Figure 26. 

The European Commission has been instrumental in supporting early-stage (low TRL) R&D 
projects in the cement sector in the past. More broadly, the EU’s funding programme co-
finance research and innovation projects in the areas of energy intensive industry and 
cement, including projects focussing on CO2 emissions reduction. Funding has been made 
available through several programmes over the years, as can be seen in Table 11. 

Table 11 Past/ongoing R&D funding programmes focusing on CO2 emission reduction in cement 

Funding programme Funding period Projects Budget EU funding TRL 

INTERREG Since 1990 7 23.2 13.6   

LIFE Since 1992 5 21.9 8.0   

ERA-NET Since 2000 8 16.5 1.5   

FP7 2007-2013 31 115.9 80.6 2-7 

SILC I 2011-2013 2 2.4 2.4  

RFCS 2011-2020 2 4.1 2.5 2-5 

H2020 2014-2020 71 416.0 333.2 2-7 

SPIRE public-private partnership 2014-2020 1 4.0 4.0 1-9 

Innovation fund - large project 2020-2030 1  153 7-9 

Innovation fund – small projects 2020-2030 4  TBD 7-9 

Source: JRC 
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The 7th Framework Programme and Horizon 2020 hold the most relevant projects, funding 
together over 100 projects for EUR 0.53 billion. The RFCS has financed projects looking into 
the use of granulated blast furnace slag, an alternative to clinker. More recently, the 
innovation fund has provided the means to further progress on the TRL scale, funding 
(large and small) demonstrators and first-of-a-kind facilities. 

Horizon Europe, the successor of Horizon 2020, has a budget of EUR 95.5 billion for the 
period 2021-2027 (30% more than H2020), of which 35% will contribute to climate 
objectives. Given the breadth and width of the Horizon Europe programme, only a small 
portion of this overall budget is likely to go to the cement sector.  

The European Commission is also facilitating action on technology innovation in industry 
through the Implementation Working Group on energy efficiency in industry (IWG 6) of the 
European Strategic Energy Technology Plan (SET Plan), which brings together the European 
Commission, Member States, industry and research representatives to identify priority 
activities where funding should be targeted and agree on specific targets for technology 
development [IWG 6, 2021]. 

5.2 Global targets and pledges 

There is a recent momentum shift among major industry players – globally and especially 
in the EU – to decarbonise cement production. Over the last years, six of the ten biggest 
cement producers (by 2021 cement production capacity) have announced that they aim to 
achieve carbon neutrality, with various intermediary 2030 targets. Together, those six 
cement producers accounted for 762 Mt of cement capacity production in 2021, i.e. about 
19% of global cement capacity. 

This picture of global ambition is tempered by the difficulty to identify targets for 
producers that are not active on the European market: Besides China Resources cement 
(Chinese cement producer), information is missing for two Chinese and two Indian based 
companies. Chinese CNBM and Anhui Conch are the world leaders, representing a 
production capacity of 914 Mt, higher than the groups duly reporting; And Indian UltraTech 
cement and Adani group, represent over 200 Mt of installed capacity.  

Table 12 2030 and 2050 targets by five of top 10 global cement producers  

Company Headquarter 

location 

2021 

rank 

Interim target 2050 target 

Holcim Switzerland 3 2030: -18% vs 2018 Net-zero across the value chain 

Heidelberg 
Cement 

Germany 4 2030: -30% vs 2020 Net-zero cement and concrete 

CEMEX Mexico 6 2030: -40% vs 1990 Net-zero company 

Votorantim Brazil 9 2030: -32% vs 1990 Carbon-neutral concrete 

CRH Ireland 10 2030: -25% vs 2020 (1) Carbon-neutral across the value chain 

(1) Targets relate to absolute emission reduction, not CO2 emissions intensity. 

Source: JRC based on company statements 

In the EU, however, the picture is quite different. All the biggest EU cement producers have 
set carbon neutrality or close to carbon neutrality targets by 2050, underscored by the EU 
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cement association’s targets to achieve zero net emissions by then. It is worth noting 

that Cembureau 2030 target implies a CO2 emissions reduction of 30% for 

cement and of 40% down the value chain by 2030 compared to 1990 [Cembureau, 
2020c]. This highlights the difficulty to decarbonise cement over concrete, and thus calls 
for scrutiny on the scope of the claims.  

However, while net-zero targets or pledges are clearly an important marker of a company’s 
ambition, they are in and of themselves non-binding and unenforceable. In the EU context, 
the European Climate Law [European Commission, 2020a], which sets a legally binding 
target of net-zero greenhouse gas emissions by 2050, indicates that it is a question of 
how, not if, EU cement producers will follow up on their targets. It is therefore not 
surprising that all major cement makers, even multinational companies such as Holcim and 
CEMEX, now have low-CO2 cement projects running at several EU sites, as shown in section 
4 of this report.  

A leap is however required for integrating the various decarbonisation approaches into 
carbon-neutral cement production. Table 13 lists the only four (of approx. 200) EU cement 
plants that have announced aiming at carbon neutrality. It is worth noting that the 

projects at Obourg and Lumbres are targeting small cement production lines 

currently operating the less-efficient wet process. 

Table 13 Carbon neutrality plans at EU cement plants (as of July 2022) 

Location Country Company 
2021 capacity 

(Mt) 

Company-wide 

2050 CO2 target 

Obourg (GO4ZERO project) Belgium Holcim 1.7 Yes 

Lumbres (K6 project) France Eqiom 0.7 Yes 

Rüdersdorf (Carbon neutral alliance) Germany CEMEX 1.9 Yes 

Slite [Cementa, 2021] Sweden 
Cementa 
HeidelbergCement 

2.5 
Yes 

Source: JRC based on company statements 
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6 Conclusions 

This report is a compendium of research, innovation and early signs of deployment of 
options for the decarbonisation of the cement industry, which are at different levels of 
maturity in the EU. 

The EU cement sector is faced with transformational challenges if it is to reduce its CO2 
emissions on the way to a carbon-neutral future. The technologies needed to achieve the 
cement industry’s transition are still at various stages of development, yet carbon neutral 
cement plants are already in the making. 

The in-depth analysis of such decarbonised cement plants would provide the state-of-the-
art for technological options expected to be rolled-out in the near future. Such study will 
also provide clues on the capacity of the sector to remain competitive while transitioning 
towards carbon neutrality. These initiatives build on and materialise current and ongoing 
decarbonisation efforts. 

Energy efficiency measures, addressing thermal process inefficiencies and their 

emissions, are already largely implemented: EU cement production mostly relies on the 
dry process, with efficiency adds-on such as pre-heaters, pre-calciner or in few cases 
cogeneration or waste heat recovery options. As CCUS may however require thermal 
energy, the symbiosis between the cement production process and its decarbonisation 
through CCUS may call for attention. 

The ongoing trend towards lower CO2 intensive cement focuses on alternative fuels 
(and again emissions from the combustion for thermal processes). The current high prices 
of energy commodities reinforce the search for available and affordable energy carriers. 
Few plants already operate without fossil fuels and others are being modified towards this 
objective. Whether thermal energy is sourced in waste (with possibly a lower CO2-intensity) 
or with biomass (deemed carbon-neutral under the ETS), switching fuel will be on a case by 
case basis, depending on local availability and price of alternatives, especially in the 
presence of competitors (incinerators or thermal power plants). 

Carbon Capture, Utilisation and Storage is the most promising decarbonisation 

option for the cement sector: it allows for the capture of CO2, irrespective of its origin 
(i.e. both from the calcination of limestone and from the combustion of fuels). However, 
CCUS requires the development of additional downstream processes: the industry will only 
be decarbonised provided that infrastructures for the transport and storage or applications 
for the Utilisation of captured CO2 are available. EU funding will be instrumental in setting 
up such large pilot and demonstration projects. 

Another approach towards decarbonising the cement industry implies future 

breakthrough in chemistry: Most of the emissions from the industry stem from the 
predominant position of Portland cement on the market and its emission intensive 
production process. Alternative production processes (including circularity) and/or 
alternative cement chemistries may partially solve this problem. While some alternatives do 
exist, their market shares remain low. Specific studies, focusing on analysing patents for 
possible breakthroughs; material availability; or barriers to commercialisation of such 
cements, would shed light on this secondary side of the industry. 

The above mentioned options to decarbonise cement production carry risks. The EU and 
Member States have a number of demand and supply-side instruments in their policy 
toolbox that can be deployed to create a supportive regulatory environment, including 
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carbon contracts for difference, green cement standards and green public procurement. The 
sharply rising CO2 price of the EU ETS can provide a push towards decarbonisation and 
reinforce the need for a CBAM to level the global playing field, if the cement industry is 
facing the full CO2 price. The Innovation Fund, funded by the EU ETS and already mobilised 
in the cement industry, can support the commercial demonstration of first-of-a-kind plants. 
At the same time, R&D support for earlier stage technologies that can be deployed closer to 
2050 also needs to be maintained and strengthened to further develop additional 
promising breakthrough solutions for climate-neutral steel. 

There is an increased policy drive towards decarbonisation of the cement industry, and the 
industry has responded with ambitious decarbonisation pledges. The EU can now build on 
this momentum and be a frontrunner in the production of CO2-free cement. The EU cement 
sector can lead the way in deploying decarbonisation technologies, thereby ensuring that it 
stays competitive as the world transitions towards climate neutrality. 
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Annexes 

The following annexes summarise cement-related projects encountered in Europe. Annex 1 
looks into the evolution of EU funding, while annex 2 limits itself to ongoing corporate and 
nationally funded projects. 

This include funding provided under the Sustainable Industry Low Carbon (SILC) initiative 
between 2011 and 2020 [European Commission, 2022f], i.e. projects FHRS for waste heat 
recovery and AETHER2 for alternative cement chemistry in SILC phase 1 (2011-2013). 

However the overview of EU-funded Interreg projects available under KEEP.eu website is 
not exhaustive: relevant projects funded under this instrument may be missing in the list 
below, such as the SolCement and Carbongreen projects. 

And projects funded under Horizon Europe are not yet accounted for. Project FLEXIndustries, 
for example, is such a project that may impact the cement industry. 

Funding provided by Important Project of Common European Interest (IPCEI) calls have not 
been systematically assessed. In addition selected projects, already in the making, are not 
yet kicked-off: 

— Project of Common Interest 12.9 in Poland for a EU CCS Interconnector, which includes 
cement operation [European Commission, 2021]; 

— Innovation funds projects Carbon2Business; ANRAV and GO4ECOPLANET, funded under 
call InnovFund-LSC-2021 [HeidelbergCement, 2022b; Holcim, 2022c; European 
Commission, 2022]. 

The European Investment Bank project “Sustainable cement RDI” provides EUR 167 million 
for reducing environmental and carbon footprint of cement facilities, as well as research, 
development and innovation activities, for the period 2021-2023. However the details of 
projects funded through this instrument are not available, therefore preventing the 
identification of cement related projects. 

Finally, additional projects, especially if they concern alternative binders or concrete, may 
be found on Cembureau map of Innovation projects [Cembureau, 2022]. 

Annex 1. List of European funded projects towards cement decarbonisation 

Project identifier Acronym Start Date End Date Total Cost Heading 

6350 GAIAboard 01/10/2011 31/03/2015 893 885 ALT. MATERIALS 

9380 E*Zephyr 600 01/04/2015 01/04/2017 2 294 820 EFFICIENCY 

299653 ANICA 01/09/2019 31/08/2022 2 400 000 CCUS 

299663 AC2COM 01/09/2019 31/08/2022 4 273 911 CCUS 

ERA-MIN-2018_77 RECEMENT 01/10/2019 30/09/2022 482 720 RECYCLING 
MNET18/NMAT-
3486 POLYWORK 01/01/2019 31/12/2019 500 000 ALT. MATERIALS 

ERA-NET project CEMENTEGRITY 01/10/2021 30/09/2024 2 000 000 ALT. MATERIALS 

ERA-NET project SCOPE 01/09/2021 31/08/2024 3 700 000 CCUS 

214030 CODICE 01/09/2008 31/08/2011 3 757 240 OTHERS 

218609 EURECOMP 01/05/2009 31/07/2012 2 549 233 ALT. FUELS 

219062 POLYSTABILAT 17/10/2008 16/04/2015 7 563 452 ALT. FUELS 

226898 ROCARE 01/09/2009 31/08/2012 2 109 572 OTHERS 

230635 POSINAM 15/10/2009 14/10/2013 562 281 OTHERS 
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233469 IMS2020 01/01/2009 31/07/2011 2 860 930 OTHERS 

235886 ADHCEM 01/01/2010 31/12/2011 181 351 OTHERS 

246335 EDEFU 01/06/2010 31/05/2014 13 118 251 EFFICIENCY 

256790 LOVE 01/10/2010 31/03/2014 5 061 352 EFFICIENCY 

262019 HEATPOWER 01/01/2011 31/12/2012 1 322 992 EFFICIENCY 

264448 TRANSCEND 01/10/2010 30/09/2014 4 036 120 OTHERS 

265189 C2CA 01/01/2011 30/04/2015 4 918 490 RECYCLING 

272653 DICEM 01/09/2011 28/02/2013 134 256 OTHERS 

282856 RECOPHOS 01/03/2012 28/02/2015 4 533 275 ALT. MATERIALS 

282922 ECO-CEMENT 01/03/2012 28/02/2015 2 138 511 ALT. MATERIALS 

283077 IOLICAP 01/12/2011 29/02/2016 5 770 719 CCUS 

285463 SUS-CON 01/01/2012 31/12/2015 7 128 681 ALT. MATERIALS 

296010 LOCIMAP 01/12/2012 30/11/2014 2 523 632 OTHERS 

298337 AMORPH 01/06/2012 31/05/2014 192 622 ALT. MATERIALS 

299384 GEOSOX 01/08/2012 31/07/2013 134 548 OTHERS 

309451 HEALCON 01/01/2013 31/12/2016 5 610 519 ALT. MATERIALS 

314311 SUPREME 01/09/2012 31/08/2015 4 554 036 OTHERS 

314636 DAPHNE 01/10/2012 30/09/2015 8 614 087 ALT. FUELS 

314884 RESTAR 01/10/2013 30/09/2015 1 615 446 EFFICIENCY 

314922 ALUSALT 01/11/2012 31/12/2014 1 504 378 ALT. MATERIALS 

314991 ICARUS 01/08/2012 31/07/2014 1 422 302 EFFICIENCY 

605748 LCE4ROADS 01/10/2013 31/12/2016 3 670 169 OTHERS 

608524 GREEN-CC 01/09/2013 31/12/2017 8 137 278 CCUS 

608578 SCARLET 01/04/2014 31/03/2017 7 349 129 CCUS 

608893 H-House 01/09/2013 31/08/2017 6 550 894 ALT. MATERIALS 

SI2.641287 FHRS 19/12/2012 19/09/2015 1235490 EFFICIENCY 

SI2.666131 AETHER2 20/12/2013 19/06/2015 1186033.7 ALT. MATERIALS 

636727 SAMT 01/01/2015 31/12/2016 514 804 OTHERS 

636771 STYLE 01/01/2015 31/12/2016 497 516 OTHERS 

636876 REDMUD 01/12/2014 31/10/2019 3 720 893 ALT. MATERIALS 

637138 ECO-Binder 01/01/2015 31/12/2018 7 594 674 ALT. MATERIALS 

637189 TASIO 01/12/2014 31/05/2019 3 989 248 EFFICIENCY 

641185 CEMCAP 01/05/2015 31/10/2018 9 976 416 CCUS 

642085 HISER 01/02/2015 31/01/2019 7 665 263 RECYCLING 

642154 FISSAC 01/09/2015 29/02/2020 11 214 565 ALT. MATERIALS 

642976 NanoHeal 01/01/2015 31/12/2018 4 103 573 EFFICIENCY 

654465 LEILAC 01/01/2016 30/06/2021 20 970 635 CCUS 

654663 SOLPART 01/01/2016 31/12/2019 4 558 688 ALT. FUELS 

672421 Heat2Energy 01/05/2015 30/09/2015 71 429 EFFICIENCY 

673527 VirtuCrete 01/07/2015 31/12/2015 71 429 ALT. MATERIALS 

679386 EPOS 01/10/2015 30/09/2019 5 191 388 OTHERS 

690088 METGROW PLUS 01/02/2016 31/01/2020 7 911 463 ALT. MATERIALS 

699892 ECo 01/05/2016 30/04/2019 3 239 139 CCUS 

721185 NEW-MINE 01/09/2016 31/08/2020 3 836 166 ALT. FUELS 

721385 SOCRATES 01/09/2016 31/08/2020 3 858 940 ALT. MATERIALS 
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723670 REHAP 01/10/2016 31/03/2021 8 157 789 ALT. MATERIALS 

723678 CarbonNext 01/09/2016 31/08/2018 495 748 CCUS 

738759 SMARTSAND 01/12/2016 31/05/2020 1 155 764 ALT. MATERIALS 

744548 C2B 01/01/2017 30/04/2017 71 429 CCUS 

746830 
Sewage Sludge in 
Portland Cement 01/03/2017 28/02/2019 134 462 ALT. FUELS 

760431 BioRECO2VER 01/01/2018 31/12/2021 7 239 149 CCUS 

760639 EnDurCrete 01/01/2018 31/12/2021 5 912 001 ALT. MATERIALS 

760884 CARMOF 01/01/2018 30/06/2022 7 440 055 CCUS 

760899 GENESIS 01/01/2018 30/04/2022 9 548 135 CCUS 

760994 ENGICOIN 01/01/2018 30/06/2022 6 986 910 CCUS 

761042 BIOCONCO2 01/01/2018 30/06/2022 6 999 886 CCUS 

764816 CLEANKER 01/10/2017 31/03/2022 9 237 851 CCUS 

768583 RECODE 01/08/2017 31/07/2022 7 904 415 CCUS 

768772 ETEKINA 01/10/2017 31/03/2022 5 539 612 EFFICIENCY 

768755 HARMONI 01/08/2017 31/10/2019 999 614 OTHERS 

773577 ALSiment 01/05/2017 31/08/2017 71 429 ALT. MATERIALS 

776469 RemovAL 01/05/2018 31/10/2022 14 658 966 ALT. MATERIALS 

776846 NEMO 01/05/2018 31/10/2022 14 189 080 ALT. MATERIALS 

777823 TRAC 01/07/2018 30/06/2022 450 000 RECYCLING 

817251 ConcTest 01/06/2018 31/08/2018 71 429 OTHERS 

820670 CIRMET 01/10/2018 30/09/2022 9 884 902 EFFICIENCY 

820771 BAMBOO 01/09/2018 28/02/2023 15 900 520 EFFICIENCY 

820783 DESTINY 01/10/2018 30/09/2022 8 442 000 ALT. FUELS 

827343 CapCO2 01/10/2018 31/03/2019 71 429 CCUS 

837754 STRATEGY CCUS 01/05/2019 31/07/2022 3 069 474 ALT. MATERIALS 

837975 MOF4AIR 01/07/2019 30/06/2023 11 094 138 CCUS 

838061 CO2Fokus 01/07/2019 30/06/2023 3 994 950 CCUS 

838077 eCOCO2 01/05/2019 31/10/2023 4 447 979 CCUS 

847097 SO WHAT 01/06/2019 30/11/2022 4 195 358 OTHERS 

847121 EMB3Rs 02/09/2019 01/09/2022 4 245 119 EFFICIENCY 

856282 Carbon8 01/02/2019 31/05/2019 71 429 ALT. MATERIALS 

869886 HyperCOG 01/09/2019 28/02/2023 7 649 263 OTHERS 

869939 RETROFEED 01/11/2019 31/10/2023 15 645 077 ALT. FUELS 

876354 ngCon 01/07/2019 30/09/2019 71 429 ALT. MATERIALS 

883395 WatFun 01/01/2021 31/12/2025 2 499 787 OTHERS 

884170 LEILAC2 01/04/2020 31/03/2025 34 675 725 CCUS 

893469 NEASCMs 02/08/2021 01/08/2023 224 934 ALT. MATERIALS 

896824 NMRCement 01/09/2021 31/08/2023 190 681 ALT. MATERIALS 

958208 ReActiv 01/11/2020 31/10/2024 10 594 926 ALT. MATERIALS 

958267 FlashPhos 01/05/2021 30/04/2025 15 226 966 ALT. FUELS 

958402 AI-CUBE 01/09/2020 31/08/2022 597 806 OTHERS 

101009382 
CemShale 
CemTower 01/10/2020 30/09/2022 2 168 142 ALT. MATERIALS 

101009387 ngCon 01/11/2020 31/10/2022 3 595 000 ALT. MATERIALS 

101022484 ConsenCUS 01/05/2021 30/04/2025 13 905 273 CCUS 



 

89 

101022487 ACCSESS 01/05/2021 30/04/2025 18 427 187 CCUS 

101022831 CO2OLHEAT 01/06/2021 31/05/2025 18 813 891 EFFICIENCY 

101038888 Silverstone 01/12/2021 31/12/2030 3 867 988 CCUS 

101051358 K6 01/04/2022 31/12/2037 153 386 598 CCUS 

INTERREG project 

BNB - Beton naar 
hoogwaardig 
beton 01/03/2018 28/02/2021 3 549 175 RECYCLING 

INTERREG project Coat4Cata 10/01/2016 31/12/2019 1 325 011 OTHERS 

INTERREG project SeRaMCo 16/03/2017 15/06/2021 7 276 839 RECYCLING 

INTERREG project URBCON 25/10/2018 24/10/2023 5 202 446 ALT. MATERIALS 

INTERREG project CO2REDRES 15/07/2020 31/12/2022 1 246 590 ALT. MATERIALS 

INTERREG project ECO₂Flex 01/08/2020 01/08/2023 4 634 162 ALT. MATERIALS 
LIFE09 
ENV/FR/000595 AETHER 01/09/2010 31/08/2013 5 879 780 ALT. MATERIALS 
LIFE11 
ENV/CY/000859 QuaResE 01/06/2012 30/11/2014 911 228 EFFICIENCY 
LIFE13 
ENV/FR/000234 

LIFE+ 
NOWASTHEM 01/06/2014 31/07/2018 8 914 400 ALT. FUELS 

LIFE13 
ENV/IT/000185 LIFE CARWASTE 01/06/2014 31/12/2017 2 346 103 ALT. FUELS 
LIFE15 
CCM/FR/000116 SOLID LIFE 15/06/2016 30/04/2019 3 830 320 ALT. MATERIALS 
612429-EPP-1-
2019-1-DE-EPPKA2-
SSA-B SAIS 01/01/2020 31/12/2023 3 954 198 OTHERS 

749809 (2017) ACTISLAG 01/07/2017 30/06/2021 2 880 451 ALT. MATERIALS 

847260 (2019) SLAGREUS 01/06/2019 30/11/2022 1 235 085 ALT. MATERIALS 
Source: JRC 
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Annex 2. List of projects towards cement decarbonisation funded at corporate or national level 

Project / Reference Technology Country 

Carbon2Chem project [FONA, 2022] CCU Germany 

[Catch4Climate, 2021] CCU Germany 

[C²inCO2 project, 2020] Concrete carbonation Germany 

[C2PAT, 2022] CCU Austria 

[CemZero project, 2018] Electrification Sweden 

Clean Cement Line [SECIL, 2020] Various Portugal 

[Concrete Chemicals project, 2021] Synthetic fuel Germany 

[Decarbonate project, 2022] Electric kiln Finland 

[ECRA, 2016b] Oxyfuel Austria & Italy 

[Fastcarb, 2021] Concrete carbonation France 

[GO4ZERO project, 2022a] Decarbonised Obourg plant Belgium 

[GreenCem, 2020] CCS Denmark 

[Greensand project, 2020] CCS Denmark 

H2CEM project [Titan, 2022] Hydrogen kiln Greece 

[Heatleap project, 2014] Waste heat recovery  

[INDAVER project, 2022] Alternative raw materials Belgium 

[K4 project, 2022] Re-use of cement paste Germany 

[NGHV project, 2022] Hydrogen Portugal 

REINCE project [Cementos Cruz, 2022] Geopolymers Spain 

[Westkueste100, 2019] Oxyfuel & synthetic fuel Germany 

Source: JRC 
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