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European Cement Industry Low Carbon Roadmap (2013)

European cement sector progress to 
date: where are we on the road to 
2050?

In cooperation with the European 
Cement Research Academy (ECRA), 
CEMBUREAU performed an assessment 
of where the European cement industry 
stands on its way to achieving its 2050 
targets. The assessment is based on 
2015 data (Getting the Numbers Right 
database) and based on the initial 
Roadmap, the progress was assessed for 
the specific technologies identified in 
2013.

The Portuguese cement sector is 
following an identical pathway.
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Redução de emissões de CO2 (drivers)

Driver 3
Alternative fuels 
with biomass 
fractions

Driver 4
Alternative fuels 
with pure biomass

Driver 5
Mineral additions to cement (by-products from other industries or new 
addititions types) replacing clinker incorporation (kk/c)

Driver 2
Kiln’s thermal 
energy efficiency

Driver 1b
Raw mix radically 
different with 
much lower 
limestone 
contents 
(X-Clinker: R&D 
project with IST)

CO2 process-related   
emissions

(raw materials calcining)

60%
Without CCUS CO2 reduction is very limited, 

however, CIMPOR has an ongoing R&D 
project with IST

CO2 fuel-related 
emissions 

(combustion)

40 %
Alternative fuels (pure 

biomass or biomass 
fractions) increasing use is 

underway

Driver 1a
Local raw 
materials 
composition and 
alternative 
decarbonated raw 
materials in raw 
mix

CO2 process-related emissions, the biggest nightmare…

CO2 reduction major drivers in cement manufacturing

Around 60% of total CO2 
emissions (process-
related) are (almost) 

unavoidable



Solution: Alternative raw materials for clinker and cement manufacturing

Thermal activated
Pozolanicity

Calcined clays

Identification of raw materials

Raw mix Cement

New raw material

Natural 
Pozolanicity

Diatomites, …

Identify raw materials / by-products with potential to be used either in the raw mix or cement 
manufacturing, with compositions that could reduce limestone incorporation in the raw mix and clinker
incorporationin cement and, therefore, reduce CO2 emissions.

CO2 
process-
related
emissions

Clinker
replacement
by
cementitious
additions

Reduction of CO2 process-related emissions + Clinker replacement

X-Clinker

CO2 process-
related emissions

+ Clinker total 
emissions

CO2 process-related emissions, the biggest nightmare…



CO2 combustion-
related emissions
(biogenic carbon)

Solution: Alternative fuels with increasing biomass fractions or pure biomass

Energetic crops (2nd 
generation)

Gasification & 
liquefaction of 

biomass wastes
Vegetable oils

Animal fat & meal

Biomass sources identification

Biomass fraction Pure-Biomass

RDF
Used tires

Sewage sludge (ETAR)

…

Olive bagasse
BioFR & straw

Rice husk
Pine cones
Pinion husk

Vineyards & olive
trees pruning

Olive core

Identify sources of pure (preferably) and wastes with significant biomassfractions to replace conventional
fóssil fuels (petcoke) and, therefore, reduce CO2 fuel-related emissions.

CO2 fuel-
related
emissions

CO2 fuel-
related
emissions

NOTE: Typical reference 
technological “floor” of 
total specific emissions 
would be 613  kgCO2/tkk
(process emissions: 540 
kgCO2/tkk + 80% biomass: 
73 kgCO2/tkk).

Reduction of CO2 fuel-related emissions

CO2 fuel-related emissions, the less difficult part …



Our progress to date and from now until 2050

OUR PROGRESS TO DATE
14% emission reduction to date, with substantial progress achieved in thermal efficiency and alternative fuels.

FUTURE PROGRESS
32% without using breakthrough technologies
 Thermal efficiency: 3,687 MJ/t of clinker (1.6% ahead of the linear pathway towards 2050).
 Fuel substitution: 40.6% (15.2% ahead of the linear pathway towards 2050).
 Clinker substitution rate: 76.6% (1.7% behind the linear pathway towards 2050). The 2050 target is an average of 70% clinker-to-

cement ratio.
 Transport emissions: Progress has been made but the real change will come when electric/hybrid drive trains become available for 

heavy goods vehicles (HGVs).
 Electricity use: demand has not been strongly reduced recently, mainly due to power requirements of new systems needed to reduce 

emissions. Future progress in grinding technologies will contribute to real reductions but … other needs, however, will appear.

80% using breakthrough technologies
 Several breakthrough technologies including novel cements, carbon capture and storage, and reuse (CCUS) are under development.
 CCUS is almost ready at demonstration scale and the cement industry is involved in several promising research projects. 
 Expected that CCUS technologies will become widely commercially available after 2030 as large-scale demonstration projects and 

education and training of the value chain are necessary before widespread use and being commercially viable.
 Some technologies that are at a more advanced stage but rely on a shift in market acceptance and demand, could benefit from an 

increased legislative focus on demand-pull policies as well as standards and building codes providing the necessary quality assurance.



Our progress to date and from now until 2050

PATHWAYS ALREADY BEING EXPLOITED

REDUCING CARBON EMISSIONS THROUGH SEVERAL LEVERS (I)

 Opportunities for energy efficiency improvement (e.g. optimizing psd, future raw mill and finish grinding 
technologies)

 Fuel substitution: sustainable use of biomass / biomass fractions replacing conventional fossil fuels (e.g., co-
processing)

 Production of larger amounts electrical power from renwable energy sources (energy production decentralization 
policies?) 

 Clinker-to-cement ratio (reducing clinker incorporation in cement and cement incorporation in concrete)
 Novel products: new clinker, cement & concrete chemistries (depending on raw materials availability)
 Recycling concrete and recovering cement (C&DW: raw materials, artificial aggregates, etc.)
 Concrete (re)Carbonation (concrete as a CO2 sink)
 Improved materials efficiency in construction (reducing waste and optimizing efficiency in their use)



Our progress to date and from now until 2050

FUTURE PATHWAYS TO EXPLOIT

REDUCING CARBON EMISSIONS THROUGH SEVERAL LEVERS (II)

 New Standards & Construction codes (performance vs. composition; enabling higher C&DW recycling rates)
 Improved lifetime, modular construction, better use of the features of concrete and better use of buildings
 Carbon capture, use & storage (CCUS) (technology demonstration at pilot-scale, BECCS/CCUS+Biomass + 

(re)Carbonation, COMET)
 Reaching zero carbon emissions from heat generation (using electricity as the heat source? Still far away) 
 Replacing fossil fuels with hydrogen (derived from clean electricity) would require significant furnace redesign given 

the different ways in which heat transfers from hydrogen burners as against fossil fuel burners
 Industrial symbiosis & synergies (mapping co-benefits from intersectorial collaboration, hubs, pooling & sharing of 

resources)
 Development and interconnection of national power, natural gas and hydrogen infrastructures (energy storage / 

P2G2P)
 Planning ahead, public policies, financing and investments are paramount (putting all the pieces together)



Our progress to date and from now until 2050

CIMPOR: SOME ONGOING R&D PROJECTS

CIMPOR MasterPlan “Carbon Neutrality 2020-2050” (a tool for mobilizing CIMPOR’s internal departments towards a 
carbon-neutral economy and address the challenges posed by the Paris Agreement, and Portugal’s RNC20250 and 
PNEC2030, that includes R&D, Public Affairs, operational measures, co-processing, new products, marketing initiatives)

 H2020: Strategy CCUS: Strategic plans for CCUS development in Southern and Eastern Europe in the short, mid and 
long term.

 H2020: EMB3Rs: User-driven Energy-Matching & Business Prospection Tool for Industrial Excess Heat/Cold Reduction, 
Recovery & Redistribution. Greater integration of EIIs with the energy sector can also contribute to energy savings in a 
cost-efficient manner. EIIs can buy or sell excess heat from or to district heating networks.

 H2020: LEILAC-2: CCUS / Low Emission Intensity Lime and Cement project.
 CIMPOR/ECRA et al. CCUS Oxyfuel: Oxyfuel cement kiln.
 CIMPOR/IST Ca-Looping: Study of natural geological materials and by-products as Ca-Looping sorbents for post-

combustion. 
 CIMPOR/IST “X-Clinker”: Family of clinkers with lower process emissions (gkt).
 CIMPOR/T Ca-Looping: Evaluating Ca-Looping technology potential at pilot level. 
 C5LAB (3 R&D pathways for industry’s contribution towards a carbon-neutral economy): Collaborative Laboratory for 

the cement sector under the auspices of ATIC.



Our progress to date and from now until 2050

CIMPOR: IST / X-Clinker / Low carbon footprint clinker family

BAT 
working 

zone

Our 
approach

Ca/Si=1.4 

(Dendritic Belite)
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(Amorphous
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~820 kgCO2/tkk

650 to 700 kgCO2/tkk

600 to 650 kgCO2/tkk

Industrial Clinker

Ca/Si =3.3 

(Alite)



Our progress to date and from now until 2050

CIMPOR: ECRA Carbon capture / Oxyfuel-combustion kiln



Carbon neutrality is, however, a collective endeavor …

Significant impact
Medium impact

Business & 
economy driven

Incremental 
Innovation

Breakthrough
Innovation

Policy & society 
driven

Renewable Energy 
Sources (RES)

CCS/U for cement 
(oxyfuel & post-combustion)

New construction 
technologies 

(e.g. 3D printing)

Material efficiency in 
construction (purpose)

Modular building
& logistics

Circular economy & resources  / 
waste databases

CCU & Energy Storage 
(P2G2P)

Energy-efficient 
buildings

Building codes 
(design for recycling)

New cementitious materials 
& eco-efficient concretes

Adaptation to climate change

CCS/U shared infrastructure

Cement manufacturing 
process electrification

Efficiency of clinker in cements
(new grinding technologies)

Access to biomass by the 
cement sector

Landfill ban & landfill mining

Micro-algae for 
cement CO2 capture

Catalysts 
(catalytic conversion of CO2)

Industrial 
symbiosis

Efficiency in cement & 
concrete use (product)

Concrete carbonation (full 
life time inventory)

Energy efficiency
in cement process

WHR power generation, 
concentrated solar power

Clinker with different raw 
materials

Concrete LCA

Membranes for CO2

capture

Alternative fuels replacing
primary fossil fuels

Bio-energy & CCS/U
(negative emissions)

Effective carbon
leakage prevention
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Synthetic natural 
gas (SNG), H2

Calcium looping
for CO2 capture

Carbon storage
in building 
materials

Materials processing 
(Waste-to-Product)

Concrete core activation of thermal 
mass for energy storage

Recycling of
building materials

(e.g., C&DW)

Direct separation
for CO2 capture

Cross-sector technology 
exchange & adaptation

… Intensive co-operation of industrial 
sectors is key for a carbon-neutral 

economy

Technology mapping for 2050 carbon
neutrality in cement & concrete

construction full value chain

Industry by-products



Which infrastructure for 2050?

Important challenges to overcome … if we are meant to evolve towards a carbon-
neutral society

 Evolving towards a carbon-neutral economy will require important adaptations and upgrades in Portugal’s energy 
infrastructure, as well as the development of new infrastructures for H2, CO2 transport and storage (including cross-
border transport of CO2 and links to EU networks). 

 This energy infrastructure will need to be developed in an integrated manner in line with future developments in 
the transport infrastructure as well as digital networks. 

 Industrial symbiosis will also require greater interlinkages between industrial cluster/hubs e.g. to transport CO2, 
waste streams and other by-products.

 Currently, most of the required infrastructure is not in place across the EU and substantial public and private 
investments will have urgently to take place. 

 Electrification will lead to increased pressures on existing grids and new grids need to be built to cope with this 
increasing electricity demand. 

 On the gas side, system operators estimate that the infrastructure is currently capable of handling penetration of up 
to 10-20% hydrogen. However, the infrastructure that can hold 100% hydrogen is only (partly) available in a few EU 
member states.

 There is therefore an urgent need to develop an integrated and cost-effective infrastructure strategy to support the 
transition of industry and energy towards a carbon-neutral economy.



Looking ahead, energy supply & demand will be imbalanced for an increasing number of hours a year, as a result of the growing
share of renewable electricity generation and the changing energy production locations. Industry can offer flexibility solutions.

Integrated electric power & gas grids with reversing 
conversions. A potential model for the cement sector?

Electric power grid

Oxygen grid

CO2 grid

District heating grid

Water
Electrolysis

CO2

Capture

Hydrogen grid

Cement plant

O2 / CCUS Oxyfuel

O2

H2

Flue
gases H2

CO2

Liquid fuels (e.g. 
Kerosene, DME)

WHRPG/CSP
AFR dryer
Industrial processes

Flexible load

MeOH/CH4

Refinery

Natural gas grid

CH4

Water grid
Power

Storage

NG
Storage

Renewables

H2O
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