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Introduction

Decarbonising heavy industry in the EU has been traditionally framed around sectors considered
‘hard to abate’ versus those that can electrify their way to climate neutrality. The decarbonisation of
the production of Portland cement remains particularly challenging. This is primarily because achie-
ving near-zero emissions require fundamental changes to feedstocks and chemical processes, rather
than electrification alone. Portland clinker production remains one of the few industrial processes
in which process emissions account for almost 60% of total CO, emissions from cement production.

Even if electrification were a silver bullet, the scale of energy infrastructure required to supply these
industries would remain a major constraint, given their energy- and capital- intensive nature. For
Portland cement, the need to reduce process CO, emissions by changing feedstocks or capturing
carbon emissions entails additional effort in coordinated investment across infrastructure, industrial
supply chains and end-markets. This is equally true for the development of CO, capture, transport
and permanent storage systems (CCS) or its conversion into permanent products.

Over the past two decades, significant progress has been made in improving processes and products:
such as reducing clinker content by increased blending of supplementary cementitious materials
(SCM) in cement, using recycled aggregates in concrete and replacing fossil fuel-based heat to electri-
cal sources. A wide range of low-carbon cements are already available in niche markets, with some
novel recipes reducing Portland clinker to a mere 20-30% share in cement, a massive reduction from
the average clinker to cement ratio of 74 % in the EU today.

These approaches can deliver substantial emissions reductions. With electrification reducing about
40% of the fossil fuel emissions, and the corresponding reduction in energy demand for clinker cal-
cination, the carbon footprint of these novel recipes can be up to 70% lower compared to Portland
cement or even 75% with renewable electricity. The remaining 20-25% of emissions cannot be abated
without the use of alternative feedstock or permanent carbon capture.

Achieving a Paris compatible mitigation pathway requires very deep reductions of GHG emissions in
the cement sector. The sectoral pathways by the Science Based Targets initiative expects a reduction
of over 55% by 2050 as compared to 2019 emissions, implying accelerating reductions in the mid-
term, while also implying non-zero emissions in 2050. This is a pathway based on decarbonisation
options currently recognised as feasible.

Yet near-zero-emissions cements are possible and are being commercially produced today both in
Europe and beyond. While some of them depend on Portland clinker-based systems and integrate
carbon capture, others have proved it possible to synthesize a new binder which does not generate
any process CO, emissions. Alternative pathways also include the use of circular feedstocks recove-
red from construction and demolition waste. These innovations are not theoretical; they have already
been applied in real-world projects, from the Athletes' Village built for the Paris 2024 Olympic Games
to tunnel segments of the Grand Paris Express.

Despite their technical readiness, these alternative low-carbon binders’, or even the novel recipes of
Portland cement with low clinker shares, cannot place their products in the single market because
they cannot be certified as a cement in the EU.

This bottleneck is not technological, but regulatory.

As a result, investments in low-carbon binders are slow and the transition remains uneven and faces
structural barriers that go beyond technology.



Executive summary

Low-carbon binders and novel cement formulations are technically viable and increasingly available.
However, their uptake in the EU is constrained by regulatory, market and systemic barriers rather
than technological limitations.

A key obstacle is the current standardisation framework. Existing standards conferring automatic ac-
cess to the EU single market do not exist for most low-carbon binders. The EN 197-1 class of cements,
last updated in 2011, along with the subsequent EN 197-5 and EN 197-6, does not allow cements
which have a different percentage of clinker (a different recipe) or new SCM's to be certified as ce-
ment. As a result, many low-carbon products cannot obtain harmonised certification or be specified
in public procurement contracts at scale, even when they demonstrate strong performance.

To address this, the EU must transition towards performance-based standardisation under the
Construction Products Regulation (CPR). Such an approach would assess materials based on their
technical performance, low environmental and health impacts as well as net zero emissions. Aperfor-
mance-based standard could be the most effective approach supporting the use of low-carbon bin-
ders rather than recipe-based prescriptive standards. The USA has had a performance-based stan-
dard since 1992, and many Latin American countries have also adopted similar standards.

Policy frameworks must keep pace with innovation. The Industrial Emissions Directive (IED) should
recognise and promote state-of-the-art low-carbon production techniques through ambitious Best
Available Techniques (BAT) benchmarks. This includes prioritising clinker substitution and supporting
breakthrough processes, while ensuring that carbon capture -where used- is limited to residual emis-
sions and meets high standards for CO, capture rates (>95%) and permanent storage.

Creating lead markets for low-carbon binders will also be essential. Green public procurement can
play a decisive role by mandating environmentally and socially responsible criteria in strategic sectors
where decarbonisation needs acceleration, especially with long-term and high value infrastructure
contracts which can catalyse innovations. Alternative low-carbon binders should be provided labels
ranking their comprehensive environmental performance according to the CPR complemented by
the proposed Industrial Accelerator Act (IAA), while public procurement can provide incentives to the
top two performance classes in its lead markets, until low-carbon binders are widely available.

Decarbonising the cement value chain also requires stronger collaboration across the construction
ecosystem. This includes buildings and infrastructure that drive the production of cement/ concrete
and embody its carbon footprint. Sufficiency, circularity and material efficiency should be the prio-
rity for decarbonising the use of cement and concrete in buildings and infrastructure. Revising buil-
ding codes to reduce overspecification and setting limits on embodied carbon per square meter of
built area can further encourage low-carbon binders. Pre-demolition audits, selective deconstruction,
extended producer responsibility for construction projects and green taxation favouring reused or
recycled products can help bring parity among circular feedstocks and primary materials by increa-
sing the availability of circular feedstocks.

Circular feedstocks can make a distinct contribution to cement decarbonisation by reducing the ge-
neration of process emissions of Portland clinker. The recovery of recycled cement paste with its
unreacted clinker fraction from construction and demolition waste (CDW) for reuse in new cement
production, or the use of recycled concrete fines as an SCM in cement or as aggregates in concrete
are all valuable strategies in reducing carbon emissions of cement and concrete.

Supply chain engagement for deep decarbonisation is vital for reaching net zero. The most prominent
stakeholders in the construction value chain are the infrastructure and structural engineering com-
panies. As these are large consumers of cement and concrete, reduction of scope 3 upstream emis-
sions in their operations could include efforts to encourage the use of low-carbon binders in many
member states, especially when these binders don't have harmonised standards to certify them for
the EU single market. Collaborations between low-carbon binder manufacturers and infrastructure
companies need to move beyond trials towards demand commitments, including long term offtake
agreements, which can create a lead market led by private procurement.



A transparent and interoperable data are essential to benchmark environmental performance and
guide decision-making. Interoperable data linking reporting of polluting emissions from the IED, raw
material consumption from the Industrial emissions portal regulation (IEP-R) and core environmental
performance parameters reported in the Environmental management systems regulation (EMAS) are
vital for setting benchmarks. Environmental product declarations (EPD) mandated by the CPR and
those published by EPD operators, together with the data from IED, IEP-R and EMAS legislations are
not yet available in a transparent or interoperable manner to assess the real advantages and draw-
backs of a cement over its full lifecycle of impacts.

Data reporting systems from the procurement directive, which only covers about 30% of all procu-
rement in the single market available at the EU level, need to ensure that all national procurement
data, at least in targeted sectors, are made available to track the progress of lead market creation and
green public procurement. Aligning data from industrial emissions reporting, environmental mana-
gement systems and product-level declarations, alongside improved procurement data, will enable
a more accurate assessment of lifecycle impacts and support the scaling of the most sustainable
solutions.

Small and Medium enterprises (SMEs) constitute an overwhelming majority of the construction eco-
system in Europe, and their engagement is essential for any decarbonisation pathway involving the
use of low-carbon cements or to prioritise sufficiency, circularity and material efficiency in construc-
tion. Alternative low-carbon binders also require extensive reskilling of the SMEs" workforce, while
the lack of harmonised standards and technical guidance increases the perception of risk associated
with their use. While lead markets may deliver the demand signal for deep decarbonisation of the
construction ecosystem, measures to simplify the adoption for SMEs need to go in tandem with ef-
forts for a sector-wide transition.

Together, these measures can enable a structural transformation of the cement value chain, moving
beyond incremental improvements towards a genuine, deeply decarbonised cement sector. The tech-
nologies and solutions already exist; the challenge now is to remove regulatory and market barriers
so that low-carbon binders can move from niche to norm across the European construction sector.

1 demolition can be processedito produce |




State of the EU cement/concrete transition

1.1 An overview of European cement and concrete production

There are over about 300 cementinstallations?in the EU, in almost all EU countries, except The Nether-
lands and Malta. Over 63% of the total production capacity of approximately 390 million tonnes is
concentrated in 4 countries, Germany, Spain, France and Italy. The EU-27 accounts for over 5 % of
global production capacity. Although almost 80% of capacity is in Asia, EU-27 is one of the largest
clusters other than China and India which are covered by a single market.

Cement production installations and production
capacity by country in the EU
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Number of Installations Production capacity in million tonnes

Figure 1: Cement production installations and production capacity in the EU.

Cement Europe reports® the total production of cement in the EU at 161 million tonnes in 2023.
Of this production, 56% of cement is delivered to produce ready mix concrete, 17% for precast
concrete and 27% for other purposes including site mixed concrete and other direct uses of cement.
The European ready mix concrete organisation (ERMCO) reports* that the total concete production
in the EU is at 239 million cubic metres. The cement content in the ready-mix concrete reported by
ERMCO varies widely across the EU from 230 kg/m3 in Ireland to 361 kg/m3 in Finland with an EU ave-
rage of 272 kg/m3. Eurostat also reports annual ready-mix concrete production at 563 million tonnes
for the year 2023. With wide variations across the EU, and missing data for some member states in
the Eurostat data, we cannot estimate the total concrete production covering ready-mix, pre-cast and
site mixed concrete at the EU level with confidence. Therefore, all statistics in this report are based
on cement production data.



Most of the cement production installations (60 %) are less than 25 years old, while 40% of the ins-
tallations don't have valid data on their permit granting dates and are listed as “No data” in the chart
below.

Age of cement installations in the EU 27
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Figure 2: Age of cement installations in the EU-27

The lifetime of a cement kiln is usually around 30-50 years. Unlike steel plants, which need a high
investment in blast furnace relining every 20-25 years, cement plants usually have low investment
periodic maintenance for most of the plant (other than the refractory lining in the rotary kiln every 2-5
years). In practice, the preheater cyclones, clinker cooler or the burner are completely replaced after
20-30 years. It's expected that over 30% of the cement capacity in the EU may require reinvestment
by 2030°.

CO, emissions from the production of Portland clinker

In 2023, the cement sector emitted 94 million tonnes of CO, in the EU27 distributed over 201 sites.
This represents 8% of the verified emissions of all stationary installations falling under the EU ETS®.
The trend shows a decrease of emissions from 2019 continuing till 2023 which roughly matches the
average declining production trend post 20217.

Based on the 2023 EU ETS data for verified emissions, we note that the top 5 companies with highest
CO, emissions, account for over 50% of the total verified emissions.

Verified emissions from the production of cement clinker
in million tonnes CO,,,

Figure 3:Verified emissions of Portland clinker production in EU27.



Table 1: GHG emissions of Installations producing Portland clinker, grouped by parent compa-

nies (covering > 80 % of total emissions)

Verified emis- | share of Free al- Free al-

sions under total lowances |lowances/
Parent Compan EU ETS, 2023 emissions (tCOZeq) verified

pany (tCOZeq) (%) in ‘000s emissions

in ‘000s (%)
Heidelberg Materials AG 18318 19.4 1811 9.9
Holcim Ltd. 14615.9 15.5 748 5.1
Buzzi Unicem S.p.A. 7217.8 7.6 3142 43.5
CRH Plc 6585.1 7.0 1546 235
Cemex S.A.B de C.V. 4691 5.0 511 10.9
Schwenk Zement GmbH & Co. KG 3785.2 4.0 770 20.3
Fomento de Construcciones y Contratas, S.A. [ 2991.2 3.2 359 12.0
Titan Cement International S.A. 2963.9 3.1 2623 88.5
Cementir Holding N.V. 2639.6 2.8 1798 68.1
Colacem S.p.A. 2396.2 2.5 2033 84.8
Intercement Participacoes S.A. 1972.7 2.1 2074 105.2
Vicat S.A. 1499.5 1.6 1693 112.9
Cementownia Warta S.A. 1342.6 1.4 1220 90.9
Sociedade de Investimento e Gestdo, SGPS, | 1341.1 1.4 197 14.7
S.A
Thomas Beteiligungen Gmbh 1160.3 1.2 743 64.0
Corporacién Masaveu, S.A 1152.8 1.2 44 3.8
Votorantim Cementos Espafia, S.A. 1113.1 1.2 1444 129.7
Total 75785.9 80.2 22756 30

Environmental pollution from the production of Portland clinker.
Based on 2021 data, the 2024 report of the EEA®" lists the top 30 most polluting cement plants.

The major pollutants from the cement industry are usually particulate matter (dust), sulphur oxides
(50,), nitrogen oxides (NO,) and mercury. Alongside the iron and steel sector, cement ranks among
the worst-performing industries on the EU Industrial Emissions Portal. While emissions from the en-
ergy sector are expected to decline significantly due to the EU's coal phase-out policies, the cement
industry remains a major source of air pollution—particularly from Portland clinker production.

The total damage costs estimated using the value of statistical life (VSL) methodology for these 30
plants is over 6 billion EUR, for just one year of operation.



Table 2: The top 30 most polluting cement production plants, EEA, based on 2021 data and
their damage costs in Value of Statistical life (VSL)

Country Number of plants in the top 30 list Damage costs (VSL) in € millions
France 11 1916

Belgium 4 1490

Italy 7 1085

Germany 3 833

Croatia 2 291

Slovenia 1 208

Spain 2 205

Total 6.2 € billions.

Data from EEA and reporting stream of the Industrial Emissions Directive(IED)

It is both noteworthy and surprising that there are still plants in Europe (9 in France, 1 in Estonia)
derogating from the current emission limits set by the 2013 CLM BREF, even if those standards are
based on outdated, 15-year-old data. There are about 10 sites that are still derogating from the EU
standards for emissions to air, in particular BAT 21 on SO, emissions (allowing for daily average emis-
sions exceeding 400 mg/Nm?3) as well as 3 derogations for dust emission levels.

Imports and exports of cement in the EU

The EU is a net clinker importer and a net cement exporter®.

When it comes to cements, more than 83% of the cement is imported in 8 member states, Italy, Ro-
mania, Poland, Bulgaria, Spain, Croatia, France and Ireland. Italy is the largest importer with 22% of
the total import share. Exports of cements are dominated by 5 member states, Greece, Spain, Ger-
many, Ireland and Croatia with Greece exporting almost 31% of all EU exports.

EU-27 Imports and Exports of Clinker and Cement

Clinker

Clinker Italy France Spain Belgium Total:

5.7 Million
Imports 26.9% 24.3% 17.6% 12.3% tonnes
Clinker Spain France Total:

1.1 Million
Exports 68:8% L2k tonnes

Other Cement

Other Cement Italy Romania Poland :1¢] ES Total:
5.9 Million
Imports 22.2% 16.4% 12.5% 9.5% [N6.6% tonnes
Other Cement Greece Spain DK IE HR PT Total:
9.9 Million
Exports 30.9% 18.2% 11.2% 111% f 93% W 8.2% tonnes

Other (countries individually < 6.5% of category total)

Note: Other cement includes White portland cement (whether or not artificially coloured), Portland cement (excl. white), Aluminous
cement, and other cement whether or not coloured (excl. Portland and aluminous cement). Data from Eurostat, 2024.

Figure 4 EU 27 Imports and exports of clinker and cement- Member States, Image generated by Al based on user provided data



1.2 Overview of the existing production process

More than 99% of cement consumed is based
on Portland clinker, contains four major oxides:
(Cao, Sio,, ALO, and Fe,0,). The raw meal ente-
ring the kiln consists mainly of impure limestone,
clay and other minor components, such as iron
ore, bauxite, and sand to reach the desired che-
mical composition. Raw materials are quarried,
crushed, transported to the clinker and cement
manufacturing plant, where they are mixed and
milled into a raw meal™.

This raw meal is heated in the pre-heating system
with the hot off gases from the following process
step to dissociate the limestone (CaCO,) into cal-
cium oxide (Ca0O) and carbon dioxide, beginning
at 600°C and complete by appoximately 900°C.
This pre-calcination step is a major source of CO,
emissions; it accounts for 60% of the total CO,
footprint of cement. The formation of the various
phases of Portland clinker (alite, belite, aluminate
and ferrite) are energy intensive and critical for
the strength and performance characteristics of
cement. But they do not intrinsically generate
CO, as no carbonate decomposition occurs du-
ring these reactions. These emissions are process
emissions and are not caused using fossil fuels.

The meal is then sintered in a rotary kiln, which is
heated at a high temperature of 1450°C (around
1650-1800MJ/t). The calcium oxide reacts with
the other elements to produce calcium silicates,
ferrites and aluminates. This sintering step (clin-
kerisation) is the next major source of CO, emis-
sions, as fossil fuels take a large share of the
energy input. This accounts for about one third
of the total CO, footprint of cement. The melted
material is then cooled rapidly to form an assem-
blage of aggregates, called Portland clinker.

Itis then inter-ground with gypsum (about 3%) to
a finer product called cement. This final step only
accounts for about 3-5% of the total CO,-emis-
sions of cement production; most of the emis-
sions can be attributed to the production of Port-
land clinker (>90%).

As a result of the Portland clinker's high specific
CO, footprint, in combination with the high vo-
lumes produced globally-cement manufacturing
is one the most significant contributors to the
anthropomorphic greenhouse gas emissions. If
cement production were a country, it would rank
third after China and the United States.

Raw materials, energy, and resources

Clinker and cement manufacturing

ol

o 0,0

==

Quarry Crusher Transport’ Raw mill Kiln and preheater/ Cooler® Cement mill Logistics*  Total
precalcinator?
Energy: 40 5 40 100 3150 160 285 5 3895
megajoule/ton
CO, 479 319
r 1 7 ! 28 49 29 25
kilogram/ton Calcination Fossil =

process

TAssumed with 1kWh/t/100m.

fuels

2Assumed global average, data from the Global Cement and Concrete Association, Getting the Numbers Right 2017.

*Assumed reciprocating grate cooler with 5BkWh/t clinker.
“Assumed lorry transportation for average 200km.

Figure 5: Estimated energy consumption and CO, emissions associated to each step of the cement production chain’




Summary of pathways for low-carbon cements

2.1 Cement blending, clinker substitution, and alternative low-carbon binders

2.1.1 Cement blending and clinker
substitution.

Clinker is the primary component of traditional
cement with the largest GHG emissions and is
usually a mix of limestone, clay and other mi-
nor components. Producing Portland clinker re-
quires calcination, which involves temperatures
up to 1450°C. About 926 kg'? of CO, is emitted
to produce a tonne of Portland clinker, which
is more than 95% of the carbon footprint of ce-
ment. On an average, cement constitutes about
14% of the weight of concrete but accounts for
approximately 95% of the carbon footprint of
concrete’.

Reducing the clinker-to-cement ratio through ce-
ment blending with supplementary cementitious
materials (SCMs) or low-carbon fillers lowers
the total GHG emissions of cement and reduces
dependence on high-energy, high-temperature
Portland clinker production. It is in fact one of
the fastest and most efficient levers to reduce
CO, emissions as it directly reduces the amount
of carbon- and energy-intensive Portland clinker
used (material efficiency) and is, therefore, signi-
ficant for short-medium term progress on decar-
bonisation. Yet current clinker-to-cement ratios
continue to be high globally- and has risen from
66% to 71% from 2015 till 20224,

Clinker substitution is defined in this report as
replacement of a share of primary clinker share
in Portland based cements with supplementa-
ry cementitious materials or alternative binders
and thereby lowering or eliminating process CO,
emissions from calcination.

Promising supplementary cementitious ma-
terials

The cement industry has a long tradition of using
reactive by-products from other industries to
reduce Portland clinker in cement. These were
largely restricted to fly ashes (FA) from coal-fired
power plants, and granulated blast furnace slags
(GBFS) from blast-furnace iron production. Their
supply, however, is modest compared to the to-
tal volumes of cement (and Portland clinker) pro-
duction in the world. Moreover, the availability

The new Nantes University hospital in France uses two types of Exe-
gy low-carbon concrete in 7 of its 13 buildings.



of FA and GBFS will gradually reduce - and po-
tentially even disappear - given that coal power
plants are destined to close in the next 10-15
years and steel manufacturing will progressively
move towards processes such as direct reduction
of iron (DRI), H2 reduction or recycling of steel in
electric arc furnaces that generate lower quanti-
ties and have different physical properties than
blast furnace slags. It should be noted, though,
that in the case of FA, there still are quite signi-
ficant (historic) landfills that can be reclaimed'
for usage as demand for FA in cement only sur-
passed supply in recent years.

Fortunately, there are numerous SCM's to re-
duce the share of Portland clinker in cement,
and underlying technologies are in full develop-
ment. This clearly reflects from systematic lite-
rature overviews. For example, Snellings (et al)'®
conducted a recent literature review, ranking
existing and emerging SCMs on the basis of ma-
turity, processing intensity and supply volumes
(see figure below).

0.1

Amongst others, natural pozzolans, silica fume,
rice husk ash, limestone (fillers), calcined clays
(LC3 systems), recycled concrete fines (RCFs) have
been demonstrated and make good candidates.
A recent success in Portland clinker reduction by
cement blending is the new mixture limestone
and calcined clays (LC3) with around 50 % clinker
to cement ratio. LC3 based cements have begun
commercial production or are widely trialled in
large markets in Asia, Africa and South America.
The advantage of LC3 based cements are that the
SCM'’s (high kaolin clays and limestone) are abun-
dantly available worldwide, therefore this cement
has global scale potential to deliver a reduction
of CO, of up to 50% compared to Portland clin-
ker. Furthermore, continued research on LC3
type showcase that further improvements can be
made, with promising mix designs further brin-
ging down the share of Portland clinker'” to 35%
for a wide range of applications. In addition, also
the use of carbonatable materials (e.g. olivine) is
gaining traction as SCMs due to their capacity to
permanently store CO, in concrete.

Gt/y

PC - Portland cement
BFS - Blast furnace slag
FA - Coal fly ash

NP - Natural pozzolan
LL - Limestone filler

CL - Calcined clay

RFA - Reclaimed coal fly ash
RCF - Recycled concrete fines
RG - Recycled glass

Maturity

BA - Biomass ash

: MSWI BA CW - Ceramic waste
NFM SS - Steel slag
Qw DS MSWI BA - MSWI bottom ash
" BR MSWI FA - MSWI fly ash
MT * MSWI FA NFM - NFM slag

BR - Bauxite residue

QW - Quarrying waste
MT - Mine tailings

DS - Dredging sediments

Processing Intensity

Figure 6: Overview of existing and emerging SCMs. Source: Snellings, Suraneni & Skibsted, 2022



Prof. Karen Scrivener established the scientific ba-
sis of LC3 in the late 2000's. LC3 is a blended ce-
ment with reduced clinker content by combining
calcined clay with limestone along with Portland
clinker and gypsum. The process does not change
the chemistry but is an innovation in reducing
Portland clinker and including new feedstocks.

Kaolinite, (AI2Si205(0H)4), a naturally occurring
clay mineral, is calcined in a separate calciner for
around 700-850°C to form metakaolin, an alu-
minosilicate. The calcined clay is then added to
clinker, limestone and gypsum and grounded to-
gether to produce the final cement. The interac-
tions between alumina (AlI203) from metakaolin
and limestone enables the formation of carboalu-
minate phase, supporting strength development
while enabling reduction in clinker share of the
cement.

The cement recipe is then: 50% clinker, 30% cal-
cined clay, 15 % limestone and 5% gypsum, giving
a clinker to cement ratio of 50%, as compared to
the EU's present rate of 74-75%. This specific re-
cipe is called LC3-50. The recently approved EN
197-5 standard (not harmonised yet) allows many
similar recipes, and many are already in commer-
cial production™ in the EU.

Key considerations for the LC3 family include the
quality of kaolinite bearing clays and the need for
modest plant adaptations for clay calcination and
blending, which can be implemented as auxiliary
extensions' in current plants.

The pathways for cement decarbonisation are
constructed from the premise that near zero sca-
lable alternatives to Portland cement and calcina-
tion are not yet available at scale. This is evident
in the gradual emission reductions trajectories
toward 2030 and steeper reductions after 2040
to achieve net zero in 2050%°. The use of LC3 as a
lever to increase the efficient use of Portland ce-
ment clinker was already proposed as a route to
reduce the scale of cost of investments needed for
CCS/ U in 20162". LC3 family of cements can acce-
lerate the near-term emission reductions in 2030
and can reduce the investment needs for CCS/U,
while allowing time for other alternative low-car-
bon binders to mature, easing the overall transi-
tion towards net zero.

Limestone calcined clay (LC3) s

o Clinker substitution using recycled materials g

For obvious reasons, Portland clinker recycling
holds - in a similar fashion to the use of SCMs - the
potential to drastically reduce the need for Port-
land clinker production. It involves the processing
demolished concrete - and more precisely the ce-
ment paste. This is done through mechanically se-
parating the fine (hydrated) cement particles from
larger aggregates while crushing old concrete. This
paste, in turn, can be reactivated via thermal ac-
tivation into cement particles (equivalent to Port-
land clinker) with binding and hydraulic proper-
ties. Importantly, recent years have seen a surge
in research and development into Portland clinker
recycling.

Arguably, most far-advanced is the technique of re-
cycling Portland clinker in existing steel infrastruc-
ture, where the recovered cement paste is used as
a partial substitute for the lime-dolomite flux used
in steel recycling as the byproduct from this pro-
cess produces ready to use Portland clinker. This
process is currently in industrial trial. According to
a recent peer-reviewed study? in Nature, Portland
clinker recycling could produce zero-emission clin-
ker at scale as a product of steel recycling.

One important caveat is that Portland clinker re-
cycling is most efficient when clinker rich lega-
cy concrete is used as a feedstock. In the longer
term such mixes will most likely become harder
to find though the existing stock of clinker rich
concrete remains significant. Furthermore, re-
search is underway to develop new types of bin-
ders (including Portland clinker alternatives) which
are more efficient from a recycling point of view.

CO, reduction using LC3

Gypsum
5% |
=)

Gypsum

5% 1
FEE
ll.;x‘lestone /

Zero CO,

— | Zero CO,

Chemical CO,

+
Fuel combustion CO,

Clinker
50%

Chemical CO,

OoPC

Courtesy, Zoi Environment Network and EPFL

] Fuel combustion CO,

5
Fuel combustion CO,



Alternative binders

Several technologies seek to produce a binder/
cement with alternative raw materials, as such
seeking to avoid the process emissions coming
from the carbonation of limestone - as well as
alter the production process (e.g. electrification).

To be a truly near zero alternative to Portland ce-
ment, a low-carbon binder should reduce its life
cycle emissions to near zero as possible, with the
use of renewable energy.

Achieving a Paris compatible mitigation pathway
requires very deep reductions of GHG emissions
in the cement sector. The sectoral pathways used
for target setting by the Science Based Targets
initiative® allocates the cement industry a 30-
year carbon budget (2020-2050) which expects a
reduction of over 55% as compared to 2019 emis-
sions, implying accelerating reductions towar-
ds 2030 and 2040, while also implying non-zero
emissions in 2050. This is a pathway based on
decarbonisation options currently recognised as
feasible.

Alternative binders are binder systems that do
not rely on Portland clinker chemistry as the
primary hydraulic phase and instead use diffe-
rent chemical reaction pathways to achieve
strength and durability. Alternative binders may
be low-carbon, where chemical pathways or
feedstock choices inherently limit process CO,
emissions, or high-carbon, where calcination or
sintering routes produce process emissions that
require carbon capture to achieve deep decarbo-
nisation.

To drive the very deep decarbonisation required,
such binders should adopt a primary decarboni-
sation pathway aimed at material and chemistry
change that avoids clinker related process CO,
emissions, such that large-scale carbon capture
is not necessary to achieve deep emission reduc-
tions and the binder production process should
be ‘easy to abate'. For this report, alternative
binders meeting these criteria are referred to as
low-carbon binders (LCBs).

Promising low-carbon alternatives to Portland
clinker cements:

‘Clinker’, as a term refers to Portland clinker, the
primary constituent of ordinary Portland cement,
which is a binder with a high GHG footprint. There
are a few types of alternatives to Portland clinker
which can act like binders that are in advanced
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stages of technology readiness levels (TRL) which
also provide the highest carbon reductions pos-
sible today.

Alkali activated cements:

It has been established for over 70 years that
cements can also be created without the use of
the Portland clinker, with the use of alkali-acti-
vated cements (AAC). The underlying technolo-
gy to do so has a lot in common to how blended
cements (CEM Il, CEM lll, CEM IV and CEM V in
EN 197-1) have been created by adding supple-
mentary cementitious materials (SCM's) like blast
furnace slag, fly ash, paper sludge, red mud and
pozzolans to Portland clinker.

In traditional blended cements, the role of Port-
land clinker is to serve as a source of calcium
from the formation of calcium silicate hydrates
(C-S-H), producing an alkaline environment and
releasing heat, which help in the activation of the
SCM's to become binders that lead to their hydra-
tion and stronger material properties. In the case
of alkali-activated cements, this role is taken up
by alkaline mediums which accelerates the acti-
vation process like Portland clinker. This can re-
sultin a cross-linked, acid-resistant 3D structures
with high mechanical strength, forming newer
cements with significant less GHG emissions.?*%



Successful applications of AAC's can be found in Europe and the former USSR? since the 1950s and
more recently in Australia, China and North America. This proves their potential as construction ma-
terials. So far, their utilisation is limited by the lack of normative and construction guidelines. In the
absence of such standards, it is de facto impossible to market these products at scale in a conser-
vative sector like construction, which is why cement standards - set by traditional Portland clinker
producers - tend to keep silent about this competitive technology. Recent years, however, have seen
important changes in this regard, most notably in North America where ASTM (the dominant standar-
disation body) developed a devoted standard for this type of cements (ASTM C1948). This could have
important implications for the market uptake of this technology. For example, the World Cement
Association (WCA) established in 2024 that the market share of non-Portland binder cements could
be as high as 22,5% by 20507,

Carbonatable cements:

Carbonatable cements are a relatively new member of the cement family. Unlike other hydraulic
cements (e.g. Portland cements), carbonatable cements harden through their reaction with CO,. As
such, this type of cement holds potential for the utilisation of CO, from industry sources. Research is
still in full swing, though commercially available products on the market today already (e.g. Solidia in
the US) demonstrate that in comparison to traditional Portland cement this type of cement has - in a
number of applications - potential to significantly reduce both CO, as well as mercury, NO,_and SO,
emissions.®

Magnesium cement:

Magnesium is an abundant mineral, widely available in the earth crust. So far, however, it has been
little used in cement production, apart from niche applications (e.g. lightweight panels, industrial
flooring) where it has a long track-record. Recent years, however, have seen an increased attention to
this type of technologies as its production is potentially associated with low CO, emissions. It should
be pointed out, though, that research to further unravel the underlying mechanisms has only gained
traction in the last 5 years®. As such it is too early to assess its market potential for a wider range of
applications.

The Circular Arch Bridge at The Green Village, Delft, The |
Netherlands — a 14-meter pedestrian bridge built from
prefabricated concrete blocks made with 100% recycled
aggregate, held together by compression rather than |

mortar. Photo: Daniel Verkijk, courtesy Everox. f
\ |

\

Conclusion:

Taken together, the availability of a variety of SCM's as well as advancements in low-carbon binders
(LCB) provide varying levels of carbon reduction, summarised in the table below. Many stakeholders
argue that the reduction potential of these new types of SCMs and alternative cements would even
be higher if its use would be expanded to more applications. However, at present, the uptake of new
low-carbon cement alternatives is hampered by standardisation processes, i.e. incumbent industries
being overly descriptive on what cement types can be used and enter the concrete mixes. This is par-
ticularly true for Europe where its main standards for cement (EN 197 series) and concrete (EN206)
are overly prescriptive, as such standing in sharp contrast with the approach taken in other regions
(e.g. ASTM standards, refer section 3.2).



Table 3: Common SCM'’s and low-carbon binders and their GHG reduction potentials

SCM/ Low-carbon binder

Direct CO,,, reduc-
tions compared to
Portland cement or
clinker - in kg Cozﬂ/t

Assumptions-
Raw material by weight
(tonnes)

TRL score’
(Max-9)

GHG evolution in
process
emissions.

Blast furnace slag - as
raw material for Portland
clinker production

100 kg CO,, /tonne

15- 20% per tonne of Port-
land clinker

Already in
market

No, eliminates
process emissions
to the extent it re-
places limestone.

Granulated blast furnace
slag as SCM

629 kg CO,,, /tonne

80% per tonne of cement

Already in
market

No, eliminates
process emissions
to the extent it
replaces clinker.

Unburnt limestone ~30%
as SCM

251 kg CO,,, /tonne

30% limestone per tonne of
cement.

9, already in
market

No, eliminates
process emissions
to the extent it
replaces clinker.

Unburnt limestone ~ 50%
as SCM

2eq /tONNE

375 kg CO

50% limestone per tonne of
cement.

No, eliminates
process emissions
to the extent it
replaces clinker.

Recycled concrete fines as
raw material for Portland
clinker production

68 kg CO,eq /tonne

68 kg CO,,, /tonne

16% by mass per tonne
of Portland clinker, with

assumption of cement paste

share at 50%, Portland clin-

ker share of cement paste at
95% and 20% of CO, reduc-

tion via re-carbonation

8, Heidelberg
Materials (
ReConcrete)?
CEMENT 2
ZERO.?

Yes, but process
emissions are off-
set using recycled
material.

Recycled concrete fines
(enforced carbonated, as
SCM)

184 kg CO,,, /tonne

20% per tonne of cement,
with assumption of cement
paste share at 50% in fines,
Portland clinker share of
cement paste at 95% and
20% of CO,e reduction via
recarbonation.

6 (for enforced
carbonation)

No, negative
emissions from
recarbonation.

Recycled concrete fines
(as SCM, without enforced
carbonation)

170 kg CO,, /tonne

20%

9, Everox*

No, eliminates
process emissions
to the extent it
replaces clinker.

Natural Pozzolanas as SCM

205 kg CO,,, /tonne

35% per tonne of cement

9, Materrup ®

No, as its silicates

C25=Ca2Si04)

tion/ tonne of Port-
land cement

meal as Portland cement,
1.51 tonne per tonne of
cement.

is producing and alumino
cements from | silicates, not carbo-
calcined clay. nates.

Fly ash as SCM 250 kg CO,eq /tonne 35% per tonne of cement 9 No, eliminates
process emissions
to the extent it
replaces clinker.

Alkali activated cements Average of 50%°7, 100% replacement per H- UKR from No, zero process

compared to concrete | tonne of cement Hoffmann emissions.
from Portland cements®.

cement. Reported Mevocem?

potential up to 90% Cemonite'™

reduction. Largely

dependent on alkaline

medium production

emissions.

Carbonation of calcium First industrial trials 1.38 tonnes raw meal for 1 Yes, clinker still

silicates estimate 30% reduc- tonne of cement contains limes-

tion compared to tone, but partially
Portland cement, up reabsorbed while
to 70% for concrete curing.

Pre-hydrated calcium Potential CO, re- 100% replacement per Celitement™ Yes, use of limes-

silicates duction of 30-50% tonne of cement tone.

(compared to Portland
cement)
Belite cements (90% belite, | 48-54 % CO, reduc- Nearly same volume of raw | 9 Yes, use of limes-

tone.




Belite - Calcium sulfoalu- 20-30% CO, reduction | 100% replacement per tonne Yes, use of limes-
minate / tonne of Portland of cement tone.
cement
Magnesium oxide (MgO)- Potentially Carbon Yes, but negative
based cements negative emissions potential
from recarbona-
tion.
Calcium silicate-based ce- | For example, First to receive | No, based on
ment (non-carbonation) Brimstone's cement.'? ASTM C150 silicates.
50-60% reduction standards
compared to Port- certification,
land cement, due similar to
to avoided process Portland ce-
emissions. Potential ment. Sublime
for carbon negative Systems’,
emissions. Cemvision.™

General assumptions:

Comparisons based on a reference plant from Getting the numbers right - 2019, dry process, CO,eq - 832 kg of fossil
CO,/ tonne of Portland clinker. For comparisons related to SCM's, clinker share of Portland cement is taken at 95% unless
specified. Raw meal/ clinker factor- 1.55

Based on data and findings from the Technology Papers published by the European Cement Research Academy (ECRA,
2022).

1. Basic principle observed; 9-commercial deployment 7. https://doi.org/10.3389/fbuil.2023.1196246
2. https://www.heidelbergmaterials.com/en/sustainability/we-decar- | 8. https://www.ciments-hoffmann.com/en/
bonize-the-construction-industry/taking-concrete-recycling-to-the- | 9. https://www.materialevolution.com/

next-level 10. https://www.cemonite.com
3. https://www.mpiuk.com/research-project-cement-2-zero.htm 11. https://celitement.de/en/product/manufacturing/
4. https://www.everox.tech 12. https://www.brimstone.com
5. https://www.materrup.com/en_GB/mcc2-cement 13. https://sublime-systems.com
6. https://www.sciencedirect.com/science/article/pii/ 14. https://www.cemvision.tech
$2405844023029250

2.2 Efficiency gains, alternative fuels and electrification

2.2.1 Improved efficiency of Portland clinker production

The production of Portland clinker is the most energy-intensive production step of cement making, as
it takes place at high temperatures (around 1500 °C). Improving the efficiency of this production step
hence directly leads to a significant decrease of the carbon-footprint of cement. The following section
details the main routes to achieve greater energy efficiency in the production process.

Preheating via internal heat recovery

One straightforward route is to increase the efficiency of cement manufacture by internal heat re-
covery: the hot outlet air of the kiln is used to preheat the feed. Different configurations have been
developed over time, involving multiple stages of preheating and a pre-calcination step. Efficiency of
cement production is related to the inclusion of more stages®. Kiln systems with four to six cyclone
preheater stages and pre-calciner are considered as a standard technique for new dry process plants.
State of the art techniques achieve typical energy efficiency levels of 2 900 -3300 MJ/tonne of Portland
clinker, for a kiln capacity of about 3000 tonnes per day.

Among EU- 27 and Switzerland, in countries with large number of production facilities, Germany, Po-
land, Spain and France have less than 50% of their installations with the dry process, with preheater
and pre-calciner®'.



Waste heat recovery

Kiln exhaust streams, from the clinker cooler
and the kiln preheater system, still contain use-
ful thermal energy. Depending on the number of
preheater stages (two to six), the exhaust tempe-
ratures from a cement kiln system typically range
from 280 to 450° C, while the waste air tempera-
tures from the clinker cooler are typically 250 to
330° C*. Waste heat can be recovered and can
provide up to 30 percent of a cement plant’s ove-
rall energy needs?:.

Three types of primary waste heat recovery
power generation systems are available, differen-
tiated by the type of working fluid: steam (Steam
Rankine Cycle), organic fluids such as pentane
(Organic Rankine Cycle) or a binary mixture of
ammonia and water (Kalina Cycle). The ORC sys-
tems can be utilized for waste heat sources as
low as 150° C, whereas steam systems are limited
to heat sources greater than 260° C. The Kalina
cycle has an operating temperature range that
can accept waste heat at temperatures of 95° C
to 535° C and is claimed to be 15 to 25 percent
more efficient than ORCs. Yet the technology is
in the early stage of market introduction with li-
mited suppliers and experience.

Application of waste heat recovery power sys-
tems to cement kilns can be challenging. The
exhaust gases from the kiln preheaters and clin-
ker cooler typically contain relatively high dust
concentrations that sometimes exceed 50 g/Nm?3
and the waste gas temperatures can fluctuate wi-
dely during kiln operation. Another bottleneck is
the initial investment and a long payback period
depending on local electricity costs3*.

Waste heat can also be provided to a district
heating grid to cover the thermal needs of other
energy consumers in the neighbourhood. Yet
the potential fluctuating supply of the heat can
create operational challenges for the operator
of the district heating system. In addition, the in-
dustry is less likely to commit for long-term sup-
ply contracts while district heating systems are
usually amortised over several decades.

Despite the issues in commercialising waste heat
recovery into the heating grids, it's undeniable
that up to 30% of a plant's thermal energy input
is just being wasted to environment. ORC based
heat recovery systems are sometimes treated as
cogeneration technology rather than waste

Preheater

Calciner
Tertiary Air

Fuel gases

Farine

Refrigerator . . .

Secondary Air
Figure 7: Schematic of a 4-stage preheater plus calcinatory.

to power technology®® indicating that ORC's are
more suitable for a combined heat and power
production. Analysis done by CE Delft*® shows
that cement plants have a positive internal rate
of return (14-35%) for the investment on ORC and
a CO, savings of 1900-15000 tonnes each year. A
recent study® on thermal energy harvesting also
shows that Portland clinker production in just 7
countries (BE, DK, FR, DE, IT, NL and UK) has a
potential of about 447 MW of power generation
capacity and a total of 6.6 GW for all industries.

2.2.2 Alternative Fuels

The cement industry in EU has been diversifying
its fuel use for almost 3 decades now. The diver-
sification was primarily aimed at cost reductions
and subsequent legislations on waste; industrial
emissions and the EU ETS shaped the use of va-
rious alternative fuels in the cement kiln.

Today, almost 53 %3 of the fuels used in cement
kilns are alternative fuels, containing refuse de-
rived fuels (RDF), biomass, sewage sludge, waste
oils, end of life tyres and other types of waste.
The remaining share is covered by pet coke, coal,
lignite and a small share of other fuels. The alter-
native fuels also include fossil fuel products like
plastics and tyres which contribute to the overall
carbon emissions of cement.



Industrial and municipal waste as fuels:

Refuse derived fuels (RDF) are processed fuels based on municipal and industrial solid waste and
usually contain high calorific value products like plastics, tyres, paper, carboard, wood and textiles, ac-
counting for approximately 34 % of the municipal solid waste. While RDF has no EN or ISO standards,
the RDF that complies with EU standards is termed solid recovered fuels (SRF) under EN ISO 21640:
2021. Cement kilns usually prefer class 1 or class 1 RDF with higher calorific value®.

According to Cement Europe*’, 46% of the alternative fuels used is RDF, 43% of it contains mixed
industrial waste, end of life tyres, animal and bone meal, impregnated saw dust and other non-recy-
clable wastes and the rest covering biomass, solvents and sewage sludge.

Existing EU industry roadmaps* aim to increase the share of alternative fuels up to 95% by 2050.
While the Global cement and concrete association (GCCA)*? expects the share of alternative fuels at
43% by 2050. This is, as GCCA explains, is dependent on the regional availability of waste streams
and policies regulating waste management in the region. The EU's strict waste management policies,
since 1980's has contributed to the high availability of processed waste fuels for EU cement industry.

However, the use of these alternative fuels is more challenging than the conventional ones; their
energy density and moisture, volatile and ash contents can lead to incomplete combustion, reduced
flame temperature and poor heat distribution; unstable pre-calciner operation, clogging in the pre-
heater cyclones, build-ups in the kiln riser ducts and, higher emissions of SO,, NO , CO and particulate
matter®. Heavy metals like Mercury, Cadmium, Chromium and lead are present in comparable quan-
tities to coal in alternative fuels like sewage sludge, waste oils, solvents, plastic and tyres.

Therefore, cement kilns are regulated under the industrial emissions directive to have strict emission
limits, although the emission limits are far lower than those for waste incineration without energy
recovery.*

Table 4: Emission limit values for cement production and waste incineration.

Pollutant Emissions limit values pres- | Emissions limit values pres-
cribed under cement lime cribed under waste Incinera-
and magnesia BREF, 2013% tion BREF, 20194

Dust 10-20 mg/Nm?3 2-5mg/Nm?3

NO, 200-500 mg/Nm3 50-150 mg/Nm3

SO, 50-400 mg/Nm3 5-40 mg/Nm3

Mercury 50 pg/Nm3 10 pg/Nm?




Considering that in many EU countries, cement
kilns burn more waste than many member state
entire incinerator fleets*® #, these differences
contribute to additional pollution from cement
plants co-incinerating waste and indirectly lead
to higher health damages (refer to section 1.1).
Apart from less stricter emission limits, co-inci-
nerating cement plants also have less obligations
to continuously monitor some pollutants. In fact,
many civil society organisations opine that co-
incineration is just incineration with a different
name as waste streams expand.

Incineration occupies a lower position in the EU
waste hierarchy than reuse, repair and recycling,
which should be prioritised, but statistics show*°
that incineration has doubled in the past 3 de-
cades in the EU. While the use of waste as alter-
native fuel in cement manufacturing is intended
to rely on residual streams, current regulatory
framework and market can create a risk of diver-
ting materials away from higher-value recycling
pathways. This risk is particularly relevant for bio-
mass fractions, which often have competing ma-
terial applications, implying that their availability
for energy recovery is constrained as circularity
improves.

Alternative fuel use as a carbon reduction strategy:

Apart from cost economics of fuel use, the use
of alternative fuels with biogenic fractions like
wood, paper and some textiles is also used to
reduce carbon emissions. Since the biogenic
sources of carbon are considered carbon neu-
tral, it's not counted as fossil carbon under the
EU ETS. Therefore the proportion of biogenic
carbon emissions can be reduced from the total
fossil carbon emissions per tonne of Portland
clinker resulting in cost savings from not buying
EU ETS allocations.

Despite free allocations, these reductions, along
with gate fees paid by waste operators to cement
factories for the uptake of RDF, constitute a small
but growing savings in cost, which will increase
when free allocations are reduced or phased out.

But, based on a recent study®® on carbon reduc-
tions from alternative fuels, the benefit from
adding biogenic sources on carbon reduction is
hardly 2% even when RDF based on municipal so-
lid waste replaces all other options.

2.2.3 Hydrogen as a fuel
co-production

and potential

Hydrogen fully replacing existing fuels in cement
kilns has not been commercially tried so far. Most
of the pilot’s plants test hydrogen up to 50% and
while it's possible to use 100% hydrogen in a ce-

ment kiln, its use in the cement sector is not one
of the highest priorities for hydrogen in the EU.

The main reason why hydrogen is not seen as ef-
fective in industrial processes requiring radiative
heat (like rotary kilns, glass or ceramic furnaces)
is because hydrogen flames carry a lot of total
energy but have low emissivity and deliver much
lesser radiative heat™ to solids like Portland clin-
ker. As a result, the excess heat energy remains
in the gas phase without effective transfer to the
materials.

The flame characteristics of hydrogen are signifi-
cantly different from those of conventional fuels,
and this poses challenges when switching to hy-
drogen. The hydrogen flames are typically shor-
ter and hotter which can lead to the formation
of more NO > compared to conventional fuels.
The heat radiation from the flame is lower, which
can disturb the clinker burning process. Due to
its high auto-ignition temperature (585 °C), the
kiln start-up will require some additional ignition
sources like natural gas as it is difficult to ignite a
hydrogen/air mixture with heat alone.

With these challenges, hydrogen is unlikely to
be a standalone alternative fuel in cement kilns
and needs to be blended with other fuels or di-
luted with an inert media like nitrogen, steam
or flue gases from the plant. While the addition
of nitrogen may in some cases increase the NO_
formation in the process, steam dilution reduces
it. Steam dilution also lowers the reactivity and
flame speed of hydrogen, which can prevent
the risk of flame flash-back. The combination
of steam injection and hydrogen can provide
controllable combustion, but increasing the
heat transfer efficiency requires other fuels to
be considered. In 2022, one of the largest trials
to switch to zero CO, emission fuel in a cement
kiln was done in the UK, at Ribblesdale by the
BEIS-MKA®3 in the plant of Hanson UK, now part
of the Heidelberg Materials. The study largely
confirmed the unsuitability of hydrogen for Port-
land clinker formation and suggested that com-
bined use of biomass can help overcome some
combustion characteristics. Further research® >
with a fuel mix of hydrogen, glycerine, meat and
bone meal was used to partially replace coal in
the kiln and concluded that the Portland clinker
produced fulfils the market requirements.

Several pilots in the EU, notably by Heidelberg,
Holcim® and CEMEX> show the potential for hy-
drogen switching and reduction of GHG emis-
sions in cement production. Holcim is the only
cement producer who managed to increase the
share of hydrogen to over 58%, the highest re-
ported so far in the EU.



The EU's hydrogen policy aims to use hydrogen
as a priority for industrial sectors with no easy
decarbonisation pathways, especially when elec-
trification is feasible. There is only one project
under IPCEI (Important projects of common Eu-
ropean interest) granted for hydrogen as a fuel in
cement production, in 3 sites in Greece by Titan
cements®e,

However, as said earlier, strategies to use hy-
drogen to reduce GHG emissions can cover only
35-40% of the total emissions from the fuels used
in cement production. Therefore, its best possi-
bility to reduce emissions remain capped at 40%
unless it's used as a fuel source in production of
LCBs.

Hydrogen production in cement plants:

As the importance of hydrogen grows as a cru-
cial input for industrial decarbonisation, many
cement producers have realised the co-benefits
of hydrogen production, including the possibility
of selling excess hydrogen to the market.

In general, hydrogen production is envisaged in a
cement plant for,

* Capturing the CO, from the production
of blue hydrogen via steam methane re-
forming (SMR) or auto thermal reforming
(ATR) with a CCS unit as a strategy for sha-
ring CCS infrastructure with the option to
capturing CO, from flue gases in the fu-
ture.

+ Storage and use of such hydrogen as an
energy carrier, not restricted to co firing
as an alternative fuel.

+ Sale of such hydrogen for other users

The production of hydrogen in a cement plant
using SMR or ATR can be used as a commercial
strategy, which leverages the siting advantages
of the cement plant and creates a new revenue
stream. Often this is seen as a first step in the in-
vestment of CCS in a cement plant, as capturing a
pure stream of CO, from the flue gas is technical-
ly complex apart from being expensive in energy,
cost and time as compared to capturing CO, from
SMR or ATR based hydrogen production. This is
also evident from the cost® of blue hydrogen®
as compared to green hydrogen which is typically
cheaper by 50% today (till 2030) and will remain
cheaper in the midterm (post 2030) and becomes
comparable only in the long term (2040-2050).

Costs of hydrogen is also a steep barrier forits use
in cement kilns. Cement kilns need to use green
hydrogen to make the best use of hydrogen to
reduce carbon emissions. Grey hydrogen only
increases net carbon emissions as the role of
hydrogen is just a supplementary fuel in the ce-
ment industry compared to a reducing agent in

the steel industry. The cost of green hydrogen
produced using renewable energy is typically in
the range of 7-10 Euro/kg today®', several times
more expensive than hydrogen produced using
methane in a SMR. However, producing green
hydrogen specifically as a fuel for cement kilns
is extremely energy intensive and represents an
inefficient use of renewable electricity, given the
significant conversion losses during electrolysis
and heat transfer during combustion.

The use of hydrogen in the cement industry as
an alternative fuel is relatively new. The techno-
logical readiness is still low - level 5% on a scale
of 9 -and its rollout requires more considerations
on the economic viability of hydrogen production
at site rather than the purchase of hydrogen, at
least in the short term.

2.2.4 Electrification

Electrification in the production of cement invol-
ves at least three broad categories of technolo-
gies, electrolysis, electrified heating and other
electrochemical processes.

Electrified heating can help in decarbonising the
use of fossil and alternative fuels in electrified
kilns or calciners, but it can only reduce fuel re-
lated share of the total GHG emissions from ce-
ment production. This is because the process
emissions in Portland clinker production (calcina-
tion) are inherent to the chemistry and not de-
pendent on the external energy source used.

Electrolysis, an emerging technique, has wider
applications. When used in the production of
Portland clinker, it enables the recovery of purer
CO, streams from the carbonate decomposition,
which can then be captured and stored or used
for the further production of aggregates and ad-
ditives for cement and concrete.

Electrolysis can also be used in the production of
some LCB's, like calcium silicate-based cements,
where the process does not generate CO, and
the cement produced can achieve near zero GHG
emissions, if renewable electricity is used and the
raw materials are also decarbonised.

Electrified heating:

Electrified heating usually refers to supplying the
thermal energy needed for limestone calcination
and subsequent clinker phases, using electricity
rather than fuel combustion. While it can signi-
ficantly reduce the emissions intensity, it does
not remove process emissions from calcination.
When compared with hydrogen, electrified hea-
ting is more efficient as it avoids the conversion
losses in the production and combustion of hy-
drogen.

However, the higher the temperature, the more



difficult it is to replace a combustion process by
an electric one. This remains true even today and
achieving full electrification in the non-metal-
lic minerals sector is already known® to pose a
challenge in the coming years. Advances in high
temperature electrification also helps in the pro-
duction of LCBs by decarbonising remaining ther-
mal demand, as their binder synthesis pathway
reduces the largest source of CO, emissions as
compared to Portland cement.

Overall, many electrified heating techniques can
be considered as a CCUS facilitated pathway
for cement production and therefore cannot be
considered as an LCB facilitating pathway. This
also means that any technoeconomic analysis
of these techniques demonstrating a higher TRL
needs to consider the CO, avoidance costs and
their dependence on emerging CO, markets.

Broadly, there are four different electrified hea-
ting techniques that are leading this innovation
further.

Resistive heating:

Resistive heating is the most mature technology
capable of providing high temperature heat for
calcination. Limestone decomposition via calci-
nation has already been demonstrated at 950°C
in 2017 with resistive heating but the substantial
capital involved has been a big barrier towards
commercial use.

Many pilots® have been conducted since 2015 in
the EU to mature electrification. Some of these
projects explored electrified heating as a dual
strategy- to reduce fossil fuel use as well as to en-
able purer CO, streams required for CCUS. Many
of them had explored synergies for high tempe-
rature heat required for other industry like cera-
mics and many studies were done on resistive as
well as plasma and microwave heating. Five of
the eleven projects listed are still ongoing.

Despite being the most mature of other electri-
fied heating techniques, resistive heating is not
a general solution to Portland clinker produc-
tion as it faces scale up and efficiency challenges
apart from retrofitting costs®>.

However, its relevance lies in medium tempe-
rature alternative binders and SCM production.
In these areas, resistive heating provides better
control of temperatures, avoids combustion re-
lated pollution and the related cost of pollution
control equipment apart from delivering purer
CO, streams.

Inductive heating:

Induction heating is more efficient as it converts
electricity directly into heat rapidly but only for
materials with high conductivity. The raw meal
for Portland clinker has a low electric conductivity
and therefore the heat from induction coils must
be transferred to the raw meal with an efficient
heat exchange system. The additional energy re-
quired for cooling the induction coils to prevent
the heat transfer (radiative and conductive) from
the raw meal to the coils makes thermal efficien-
cy a challenge in these systems. Some of the past
projects in the EU (ELSE-1 and CEM ZERO) have
explored induction heating for cement produc-
tion but they favoured resistive heating in their
final analysis. Overall, induction heating has far
more challenges than resistive heating to be
used in cement production.

Plasma heating:

Plasma is a technique where the ionised su-
perheated state of matter with temperatures
over 10000°C is used to heat the raw meal for
binder/ cement production. Plasma techniques
have been successfully commercialised in waste
gasification for decades, providing a track record
for high temperature electrification in industrial
processes. Plasma heating is more efficient than
resistive heating (85-90% compared to 60-70%).

Plasma can be generated by heating a gas or io-
nising it with an electrical discharge producing an
electrically charged superheated gas. This plas-
ma is then directed to the pre-calciner where it
induces the pre-calcination process. The heat is
mostly radiative, similar to hydrogen flames, but
is easily resolved by using a mix of gases which
deliver the heat to the raw meal by convection
rather than radiation.

Further research has identified that the unavoi-
dable process CO, along with injected N2 or other
inert gases can be suitable for heat transfer. This
offers two advantages- isolating a relatively purer
stream of CO, (60 %) for CCUS and prevention of
NO, formation due to an inert air environment.
Plasma heating therefore aligns with the limes-
tone raw meal and calcination process used,
making it a CCUS facilitated cement production
route.

The high temperatures involved also require ro-
bust cooling systems to extend the service life of
the electrodes, a notable addition to the techno
economic assessments on plasma heating.

A fully electrified cement plant with a capacity of



1 Mt/ year clinker production will typically require
around 70-85 MW?®¢ of total electrical load, com-
pared to 20-40 MW for a conventional cement
plant today. The thermal processes of such a
plant can account for almost 60 MW. This shows
the massive increase in electrical demand and
the need for utility scale infrastructure to bring
this technique to reality in cement production.

Many EU® and global pilots exist in this area of re-
search. Notably, the collaboration between SaltX
and Holcim® to create the world's first all-elec-
tric plant based (ZEQL- zero emission quicklime),
with salt X's electric arc calciner (EAC) technique
integrated with carbon capture, is an example of
long-term commercial potential for plasma hea-
ting techniques.

Microwave heating:

Microwave heating differs in its mode of inte-
raction which is not convection or radiation but
rapid oscillation of polar molecules in the binder
feedstock.

Two dominant frequencies are used in the in-
dustry 0.915+0.013 GHz and 2.45+0.05 GHz, but
the heating depends on the dielectric properties
of the material as non-conductive materials are
more conducive for microwave heating.

Since most of the energy emitted by the magne-
trons are theoretically absorbable, the heat trans-
fer by photons raises temperatures rapidly. This
means that the kiln doesn’t have to be heated to
high temperatures than what is needed for calci-
nation, saving energy.

While the technique has been largely applied
for limestone calcination, recent research also
shows that microwave heating accelerates®
geo-polymerisation in the hardening and curing
of metakaolin based geopolymer binders.

Solar thermal heating:

Largely based on concentrated solar power sys-
tems using mirrors or lenses to concentrate solar
power to a small area, this technique has the po-
tential to produce heat as well as generate elec-
tricity. This heat is transferred to a heat transfer
fluid, which can reach temperature up to 1000°C,
which makes it a useful heat source for the cal-
cination process. Most research in solar thermal
heating has been on its use in calcination, solar
thermal heating techniques can also be largely
classified as a CCUS facilitated cement produc-
tion pathway.

Notable pilots include the CEMEX-Synhelion pro-
ject’® 71, supplying 1500°C heat to a rotary kiln,
using the Synhelion’s solar receiver. The heat

transfer fluid is composed of water and CO,, ma-
king post process CO, extraction straightforward.

2.2.5 Electrolysis based production techniques

Electrolysis bypasses calcination by producing
calcium hydroxide which later reacts with si-
liceous or aluminosilicate materials to form other
types of cementitious phases. These binders can
in principle deliver a comparable performance to
Portland clinker produced by the conventional
thermal route. However, the generation of CO,
is dependent on whether the source of calcium
feedstock used contains carbonates. CO, pro-
duced in such electrolysis-based processes using
carbonates is typically released as a purer stream
simplifying its capture and potentially reducing
the cost of carbon capture systems.

Recent literature surveys’? on use of electrolysis
in cement production identify many promising
techniques, summarised in the table below.

From the point of view of this report, we can
broadly classify these techniques as carbonate
feedstock-based electrolysis techniques and sea
water feedstock-based electrolysis.

Carbonate feedstock-based electrolysis:

These techniques are largely dependent on solid
carbonates from non- seawater-based sources.
The use of carbonate feedstock (limestone) ge-
nerally indicates the generation of CO, but as is
common in many electrolysis-based techniques,
the CO, is typically purer than industrial flue
gases and offering an economical advantage for
carbon capture and use systems (CCU).

However, two of these three techniques
can avoid the generation of CO, retai-
ning it as carbonates - ZeroCAL and So-
lar thermal electrochemical process (STEP).

ZeroCAL, uses a three-step process:

1. dissolution of calcium carbonate using
chelators which removes (chelates) the
Calcium ions from the equilibrium, acce-
lerating dissolution.

2.nano filtration followed by acid pro-
moted decomplexation to recover cal-
cium from the chelator; and

3. an ultrafast precipitation of calcium hy-
droxide using the alkalinity produced in the pro-
cess.

The process, while producing hydrogen, oxygen
and sodium bicarbonate as by products, avoids
generation of CO, as a gas by retaining it in bi-



carbonates. While sea water use in ZeroCAL process is not strictly required for carbon retention, it
provides the conditions that favour the stabilisation of CO, into bicarbonates.

STEP, on the other hand, is a technique originally developed for high temperature electrochemical
processes but has been adapted for limestone processing and CO, conversion to industrial precur-
sors. When used for binder production, STEP avoids CO, generation by electrochemically converting
carbonate into solid carbon and carbon monoxide rather than releasing it as CO,. Higher operating
temperatures (around 700-900°C) aid carbon monoxide formation, which has its use as industrial
precursors, low temperature heat (400- 550°C) produces both solid carbon and carbon monoxide.

Sublime Systems, an USA based scale-up company backed by Holcim and CRH, has developed a me-
thod where calcium is extracted from a wide range of wide range of calcium rich minerals through
electrochemical process at ambient temperatures. When non carbonate calcium feedstocks” are
used, the process can produce cements’ without any CO, emissions. Sublime cements are currently
in pilot and early commercial demonstrations.”

Table 5: Carbonate feedstock-based emerging electrolysis techniques for binder production:

. Additional feedstocks and Generation* of CO?
Technique . s -
inputs used in trials emissions
ZeroCAL process”™ No additional feedstocks or ther- | Avoided and retained as bicarbo-
mal energy nates
Sublime Systems’® No additional feedstocks or ther- | Yes, the purer streams allow cap-
mal energy ture and use.
STEP (Solar Thermal High or low temperature heat Avoided, high temperatures aid
Electrochemical Process) | from concentrated solar power more carbon monoxide formation,
while low temperature favour so-
lid carbon and carbon monoxide.

Sea water-based electrolysis:

This familiar technique was initially used for electrochemical precipitation of dissolved carbonates
and metal hydroxides from sea water but can be extended to produce calcium and magnesium rich
hydroxides. These materials can serve as precursors for producing electrochemically derived binders
/cements. While some of these binders are chemically related to the broader Portland cement family
and can be processed into similar hydraulic binders, they can also be used to produce non-Portland
binders. While most of the techniques discussed produce relatively pure streams of CO, emissions,
a specific variant using ultra filtration membranes and renewable low temperature heat (500° C) can
avoid the generation of CO, (from carbonate decomposition) and directly produce calcium oxides, a
precursor for Portland cement production.

In techniques which use carbonate-based feedstocks, binder production is intrinsic to the process,
and most outputs are Portland-like or non-Portland hydraulic binders but avoid calcination and high
temperature processes. In contrast, for sea water-based techniques- based on dissolved species of
calcium and magnesium rather than solid carbonate rocks, its useful to explicitly assess the potential
to produce LCBs, as binder production is not the primary objective of many of these processes.””



Table 6: List of emerging sea water-based electrolysis techniques for binder production

Additional
Techniaue feedstocks* Generation** of CO, Potential for low Primarv goal
q and inputs emissions carbon binders (LCB) ye
used in trials
Conventional No additional Yes, but high purity is No, but outputs can be | Production of

membrane pro-
cess

(500° Q)

production of calcium
oxides avoids carbonate
decomposition by to
dehydrating Calcium
hydroxide using low
temperature heat

and Magnesium based
cements can also be
produced with additio-
nal CO, from industrial
flue gas.

seawater process | feedstocks or dependent on system used for SCM/s based binders and
(Hilbertz method) | thermal energy parameters. on calcium and magne- Co2 removal
sium.
Equatic process’” | Industrial flue gas | Yes, but existing re- No, produces Ca- and CO, removal.
(jo2 search does not de- Mg-rich solid phases
monstrate 100% (jo2 with potential applica-
capture under all opera- | bility as non-Portland
ting conditions binders or as Ca/Mg-
based SCM’s, subject
to downstream proces-
sing.
Ultra Filtration Renewable heat Avoidable, as the direct | Yes, in principle. SCM's [ Production

of binders or
carbon negative
mineralisation

Membrane-less
electrolysis and

No additional
feedstocks

Yes, but CO2 can be
mineralised into solid

Yes - in principle. The
solid Ca/Mg carbonate

Carbon negative
mineralisation

table.

Cl-mediated / carbonate phases. or hydroxide phases ge- | for Membrane
Ca-looping nerated could be routed | less electroly-
into LCB production. sis and Co2
removal for
Cl-mediated /
Ca-looping
Note:

*The feedstocks for sea water-based electrolysis techniques are dissolved sea water ions (Ca2*, Mg2*) and seawater-de-
rived dissolved inorganic carbon (as carbonates and bicarbonates). Any new additions to the process are included in the

**Generation of CO, emissions refers to process-level CO, evolution; net CO, outcome depends on downstream capture,
mineralisation, and system boundaries.

Conclusion:

Electrification of cement production is inevitable regardless of the technique used or the binders
manufactured. The high temperature heat required for calcination is still a big barrier towards elec-
trifying heat while electrolysis-based methods find an alternative process pathway to achieve similar
results. However, electrolysis-based methods are more conducive for low-carbon binders despite the
binders produced as well as the technique used are both emerging techniques while offering a poten-
tial best-case scenario where low-carbon binders can be produced with energy efficient techniques.

Regardless of operational efficiencies or heating techniques, the minimum theoretical electrical en-
ergy required for calcination-based cements are high (at 2.1 GJ/t of clinker). Electrification of Portland
cement production places huge demand on electricity infrastructure.



2.3 Sufficiency, circularity and material
efficiency in the decarbonization of
cement and concrete

Sufficiency, circularity and material efficiency
strategies contribute significantly to decarboni-
sation of cement and concrete through cumu-
lative CO, emissions savings over the full value
chain. This includes, in descending order of de-
carbonisation potential:

+ applying sufficiency measures to reduce
demand for new construction by making
better use of existing spaces and exten-
ding the lifetimes of buildings through re-
novation and retrofitting.

full or partial replacement of concrete in
individual buildings and structures by al-
ternative low-emission materials, such as
timber and other bio-based materials.

reduction in the amount of concrete
used in buildings and concrete structures
through digitalisation, waste prevention
and materially efficient structural design
and material specifications.

reduction of the cement-to-concrete ratio
in concrete end-use applications.

use of decarbonised waste streams as al-
ternative raw materials (ARMs) to replace
limestone in clinker firing or as SCMs to
replace Portland clinker in cement.

use of recycled concrete to replace aggre-
gates in concrete production, where this
reduces emissions from their transporta-
tion from quarries.

Sufficiency measures, defined by the IPCC as “a
set of measures and daily practices that avoid
demand for energy, materials, land and water
while delivering human well-being for all within
planetary boundaries®, are essential to achieve
a carbon neutral and sustainable building stock.
In contrast to other circular economy and ma-
terial efficiency strategies aimed at material or
component level, sufficiency strategies are about
rethinking building usage and thereby reducing
the demand for new buildings altogether. Such
measures include reducing vacancy rates, conver-
ting vacant buildings to new uses (especially com-
mercial properties to housing), prioritising prima-
ry housing in high-pressure areas, making better
use of underoccupied dwellings (e.g., promoting
co-living, splitting or swapping houses), topping
up (adding one or more floors to existing buil-

dings), and extending the lifetime of buildings
(prioritising renovation and reconstruction over
new construction), as well as designing buildings
for adaptability’”®. These strategies are the most
significant in terms of reducing embodied carbon
in buildings from concrete and other materials,
as well as operational energy use.

Beyond sufficiency measures, increasing the
share of bio-based construction materials, such
as timber, as an alternative to concrete or in
hybrid structures is a key strategy for reducing
demand for concrete and the lifecycle carbon of
buildings, especially in new construction. In buil-
ding design and construction, the unit consump-
tion of concrete and other emission-intensive
materials relative to constructed space can be
reduced, e.g. by optimising spaces and struc-
tures in buildings, using lightweight materials,
adapting material specifications closer to actual
performance parameters, using prefabricated
building structures and components, or redu-
cing the volume of construction waste generated
on sites. These material efficiency strategies are
analogous to energy efficiency in reducing ener-
gy consumption during the operational phase of
buildings.

Reducing cement content in concrete mixes (the
cement-to-concrete ratio) requires fundamental
changes to current industrial practices, including
extending the curing time of concrete and coor-
dinated action along the entire value chain. Thus
far, practice in this area has focused mainly on
replacing natural aggregates in concrete mixes
with recycled concrete. Concrete mixes with a
lower cement content are used, for example,
in foundations. However, the general practice
on construction sites is to use as few different
concrete mixes (types of concrete) as possible,
which leads to excessive overall use of cementin
concrete.

100%

@ Make the best use of existing and future construction
a) Avolding construction by prioritising akernatives to bullding new
b) Reducing construction by optimising the utilization rate of existing buildings

¢) Renovating rather than replacing
d) Ensuring an optimum utilization rate for planned buildings

© Optimise design to minimise embodied carbon

Carbon reduction potential

© Decarbonise the production of construction materials
@ Enhance construction efficiency
© Recycle and reuse matericls and components
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Figure 8 : Carbon footprint reduction curve for buildings. Source: UK Green
Construction Board (graphics); Shifting Paradigms (2023). Embodied carbon
regulation in the European construction sector - An analysis of the economic
impact (list of measures)

@ Prioritise materials with low or negative embodied carbon



In contrast to use of scrap for production of
steel through the EAF route, secondary raw ma-
terials (from waste streams) have only a limited
impact on reduction of process emissions from
production of clinker and cement. At EU level,
there will be a gradual decrease in availability of
fly ash (currently the most widely used ARM for
clinker production, with a 20% share)®® due to the
phasing out of coal-fired power plants. A similar
trend is expected for (ungranulated) blast fur-
nace and converter slag as steelworks transition
to the direct reduced iron (DRI) process using
hydrogen and the production of recycled steel
in EAFs. New or prospectively growing sources of
ARMs include slag from the incineration of sludge
and other waste, steel slag (from electric arc fur-
naces), construction and demolition waste (CDW)
including recycled concrete fines, waste bricks
and roof tiles, and contaminated soils, with some
of these resources requiring pre-treatment and
additional decarbonisation®'.

Given the standstill in the standardisation of
constructions products via harmonised stan-
dards caused by the James Elliot ruling®?, the
cement industry has in recent years followed a
non-harmonised approach to developing new
standards for low-carbon cements. The non-har-
monised European standard EN 197-6 defines
requirements for cement incorporating recy-
cled building materials. It allows for the use of
concrete fines in cement composition up to 35%
in combination only with clinker (CEM II/F), up to
29% in combination with another additional com-
ponent (CEM I[I/M) and up to 20% for blended ce-
ments in combination with clinker and blast fur-
nace slag (CEM VI). A key condition for increased
uptake of high-quality recycled concrete and
other usable CDW streams (including recovery
of concrete fines) for use in clinker and cement
will be the mainstreaming of pre-demolition au-
dits, selective demolition of buildings and on-site
sorting of CDW as part of standard construction
practice, including the adoption of related stan-
dards at national level.

In the 2022 net zero roadmap of the Global Ce-
ment and Concrete Association (GCCA), 45% of
total CO, emissions savings from cement and
concrete by 2050 are attributable to circularity
or material efficiency measures, including 22%
from “efficiency in design & construction”, 11%
from “efficiency in concrete production”, 9% from
“savings in cement and binders” (from cement
blending by SCMs, both primary and secondary/
recycled) and approx. 2% from use of decarbo-
nated ARMs in clinker production®. Cembureau’s
(now Cement Europe) 2024 updated net zero
roadmap for cement in the EU attributes 10%
of CO, emissions savings by 2050 (relative to a
2021 baseline) to “concrete mix”, 21% to cement
blending (by both primary and secondary SCMs)

and 4% to use of decarbonated ARMs in clinker
production. It does not reflect potential savings
from lower concrete demand related to efficien-
cy in design and construction of buildings and in-
frastructure®.

2.4 CCS- why, when, where and how
much support?

The cement sector is characterised by an im-
portant amount of process CO, emissions due
to clinker production, the key constituent of ce-
ment. While CCS is commonly promoted as the
main solution to decarbonise cement production
to reduce the high share of process emissions
(~60%), of the total cement manufacturing emis-
sions, other effective and readily deployable so-
lutions are available, such as alternative binders
or advanced recycling technologies for recovered
cement but often overlooked.

According to the Alliance for Low-Carbon Cement
and Concrete (ALCCC)®, clinker substitution and
cement blending can play a much bigger role in
reducing GHG emissions than it does today. Exis-
ting and commercially available solutions can be
scaled up at near zero costs, and when done suc-
cessfully, cut the cement industry's footprint by
50%. The potential for abatement is even higher
given that other technologies with high TRLs are
in full development, showing great potential to
further bring down clinker use in cement due to
more complex mixing designs or even substitute
it altogether (e.g. cement-free concrete mixes).

While the LIFE Scenario® considers a
70% clinker-to-cement ratio as an ambi-
tious target to increase emissions reduc-
tions, a study by The New Climate Insti-
tute and the Environmental Coalition on
Standards® modelled different mitigation sce-
narios where the clinker-to-cement ratio in Eu-
rope reaches 60%, 50%, or even 40% by 2050.
The study shows a significant potential for CO,
reduction, with annual emission savings of up to
52% in the most optimal scenario. More recent
insights and research show that it is possible to
go faster and further in clinker reduction in Eu-
rope, with the possibility of reaching a 40% ratio
by 2030 and a 25% ratio by 203588

The implementation of other non-CCS decarboni-
sation strategies will further allow to bring emis-
sions down:

* Increasing material efficiency by reducing
over-specification and specifying low-car-
bon concretes in building construction
without compromising safety would allow
to reduce the emissions from concrete up
to 40%.



¢ Increasing the energy efficiency of dry
kilns by 13%.

* Increasing the electrification of kilns by
70% by 2050%.

* Increasingthelifetime of buildingsthrough
deep renovations instead of building new
constructions.

CCS might have a role to play in cement produc-
tion by capturing residual CO, emissions, but it
would be only a complementary role. At the EU
level, a 40% reduction in overspecifications can
bring down emissions to 56 Mt CO,_ . annually®.
With ambitious clinker-to-cement ratios this fi-
gure can be brought down to 28 Mt. Improving
energy efficiency can lower it further, while elec-
trification would significantly reduce CO, in the
first place by preventing combustion of fossil
fuels. This approximate calculation is consistent
with what is envisaged by the PAC scenario,
which in its more ambitious pathways consider a
range from 0 to 23 MtCO,,./year to be captured
with CCS in all sectors.

A recent report by Bellona Europa® models the
various levers for decarbonisaiton of the cement
sector, into four scenarios. The scenarios include
sufficiency, material efficiency, concrete subti-

tution using timber, clinker substitution using
SCMs, fuel substitution and permanent carbon
capture. In two of the four scenarios where suf-
ficiency, resource efficiency and clinker substitu-
tions are prioritised (implying that standards per-
mit higher substittion by many SCMs), the total
need for permanent carbon capture is less than
8 Mt CO,,/ year. However, in a scenario where
carbon capture if prioritised (no change in stan-
dards), the role of CCS rises upto 30 Mt/ year.

Also, a key role is played by the actual capture
rate; Heidelberg Materials first industrial-scale
CCS facility in the cement industry in Brevik,
Norway, which is able to capture only 50% of
the CO, emitted by the plant®. But this is chan-
ging, and the recent investment decision at
Padeswood (UK) aims to capture nearly all CO,
emissions of the plant®,

All things considered, the decarbonisation road-
map promoted by Cement Europe® foreseeing
the use of CCUS (Carbon Capture, Usage and Sto-
rage)® to capture 50 Mt of CO, per year by 2040
and 62 Mt by 2050 looks exaggerated and risky,
since it relies too much on an unproven, expen-
sive/unprofitable and unsafe technology® that,
to date, is still very far from ensuring such a high
amount of capacity®’.

L%
pltwater and freeze-thaw resistance at the Sou
hinto circular concrete performance. Courtesy Everox.




Policies supporting the transition to low-carbon
binders in Europe

3.1 Harmonised standards and the CPR

3.1.1 The Construction products regulation

The Construction Products Regulation (CPR) is the main legal framework for construction products in
the EU. It lays down the harmonised rules for the placement of construction products on the internal
market, by providing a common technical language to assess the performance of construction pro-
ducts. This is done through the development of harmonised standards. The overarching objective of
the CPR s to ensure that construction products (like cement) are offered a level-playing field for mar-
ket entrance across the Single Market, by providing a harmonised framework on how to assess the
performance of a certain product. Importantly, standards developed under the CPR need to be per-
formance-based and technology neutral in order to comply with EU law. This is spelled out explicitly
in the standardisation requests which are the guiding document for CEN when drafting a harmonised
standard.

Importantly, the CPR has recently been revised with the new version having entered into force in
December 2024. The underlying ambition of the revision was threefold: (i) strengthening the de-
velopment of standards; (ii) integrating environmental and sustainability considerations to advance
the EU's climate objectives; and (iii) to promote digitalisation. Of relevance for cement, is also the
Eco-design Sustainable Products Regulation (ESPR) as it has a clear deadline included by when the
CPR needs to deliver on Ecodesign, i.e. 2029.

In terms of actual standards development, the main body of relevance for CPR implementation is
the so-called CPR acquis process. This refers to a constellation of working groups and bodies with
experts from Member States and other stakeholders, on a topic and product basis. For example, for
cement there is a devoted subgroup, as is also the case for most other construction materials. The
main task of the CPR acquis is to provide input on forthcoming standardisation requests. These stan-
dardisation requests outline for a given product how the future standard should look like and can be
seen as a legal mandate provided by the European Commission in the form of an implementing act
to recognised European Standardisation Bodies (in this case CEN). Given the technical nature of these
discussions, today's CPR acquis subgroups have a strong bias towards a strong overrepresentation of
industry representatives. The final step in the standardisation drafting process is the actual drafting
of the standard. Upon accepting a standardisation request, this happens in the designated technical
committee of CEN. Given that CEN is a private entity, representing different national standardisa-
tion bodies which bring together industry representatives per topic. Engagement of other societal
stakeholders is therefore also much more limited.



Standardisation Request Procedure
under the Construction Products Regulation

Identification & Preliminary
Work
MS, stakeholders or EC identify the need
for a new/revised hEN. Request included in
AUWP. EC collects inputs; advances if
matter is market-relevant.
MS / EFTA EC CEN/TC

@Draﬂ: SR & SRAHG Launch

EC officials draft the SR. CEN
simultaneously launches the SRAHG to
provide technical input. Experts review the
technical annex.

EC CEN SRAHG CEN/TC Experts

onsult — SCC
Draft SR submitted to SCC. MS, EFTA and
stakeholders comment. EC revises
iteratively. Runs concurrently with Stage
04.
SCC MS/EFTA EC

onsult — CoS
Draft SR sent to CoS for MS comments.
SRAHG ensures technical acceptability. EC
revises as needed. Runs concurrently with
Stage 03.
CoS MS SRAHG

Implemented Act — SR
Published in OJEU
EC follows the Implemented Act procedure
and publishes the SR in OJEU. CEN BT
sends official letter to CEN/TCs requesting
a Work Programme.
EC CEN BT CEN/TCs (notified)

Acceptance — CEN BT
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3.1.2 Challenges for clinker substitution-

lack of standards

The global clinker-to-cement ratio has increased
at an annual average of 1.1% since 2015, from
0.66 increasing to 0.71 in 2022. As such, the in-
dustry is well-off track to meet the 2030 targets
put forward by the International Energy Agency
(IEA). This is problematic as clinker substitution
and cement blending are key decarbonisation
levers, representing a wide range of proven, sca-
lable and cost-effective solutions. As pointed out
by the IEA - but also the IPCC and many others
- this can be attributed first and foremost to exis-
ting cement and concrete standards. These are
set by industry actors - predominantly clinker
producers - as such creating a situation whereby
few actual incentives are present on their end to
open the market to clinker substitution techno-
logies.

The clinker to cement ratio in the EU is 73-74%%.
Indeed, the major challenge to increasing the use
of clinker substitution or cement blending, even
those that are already used and standardised

today, is the prescriptive approach to product
specification in standards. These standards in-
clude only a fixed list of constituent products, with
recipes that limit the level to which a certain SCM
can be used in combination with clinker, water,
and other input materials (see Annex illustrating
the required ingredients of the different cement
types allowed on - in this case - the European
market, as put down in EN 197-1). This is further
reinforced at the level of concrete standards (i.e.
the main/only application of cement) where we
even have a situation in Europe where no har-
monised approach exists to standardisation. As
such, the main European concrete standard (EN
206) is translated - and adjusted - per Member
State via their national (private) standardisation
committee to cater the local needs. This is moti-
vated by the fact that building traditions and cli-
matic conditions vary across Europe, and while
true, the underlying reality is equally showing
that national concrete standards first and fore-
most reflect (and protect) the types of cement
and concrete produced in a given Member State.



For obvious reasons, all of the above greatly hin-
ders material innovation and market access. In
essence, reference to EN 197 series that pres-
cribe these recipes is then referred to in the equi-
valent concrete standard EN 206, which is then
referred to in building codes and project or pro-
curement requirements. This results in a situa-
tion, unless proposed by the incumbent cement
manufacturers themselves, innovations cannot
find a way into European standards. Finally, re-
cent breakthroughs in cement standardisation
at the European level face issues in ratification at
the Member State level, mainly because the EU
concrete standard (EN 206-1) is not harmonized
leaving the specifications and conditions for use
of a new cement type in concrete to national
member state committees.

To fix the above issues, there is an urgent need
to adopt a performance-based approach to ce-
ment and concrete standardisation in Europe, as
such bringing standards in line with legal requi-
rements put forward by the article 1 of EU's CPR.
The performance-based approach is based on
the assessment and validation of performance
characteristics of cement, regardless of composi-
tion. This approach is commonly viewed as a key
solution to drive decarbonisation of cement and
concrete, yet currently still very much opposed
by industry who currently seek to remedy the
existing recipe-based standards in a slow and in-
cremental way. Unfortunately, ongoing reforms®
at EU level in the context of the CPR acquis show
that the above strategy is still common ground.
While European cement standards (EN 197) will
widen to some new compositions, a wide range
of technologies still remain outside of scope (e.g.
alkali-activated cements'®; novel cement types;
new types of SCMs). This raises wider questions
about the ability of European standardisation bo-
dies - with their current composition - to deliver.

3.2 Global comparison of standards

While Europe is in urgent need of perfor-
mance-based cement and concrete standards, a
fast-growing number of countries have success-
fully transitioned to a standardisation landscape
which is already (partly) delivering on this. Key
examples included, but are not limited to:

* ASTM: the American Society for Testing Materials
(ASTM) is an international standardisation body
with a strong track-record in the development of
standards for construction materials like cement
or concrete. It serves as the main ‘competitor’ of

the European Standardisation Body (CEN) with
ASTM standards for cement and concrete being
the main point of reference in large parts of the
world (i.e. North, Central and South America and
parts of Asia). From a country perspective, key
countries include the United States (US), Canada,
Mexico, Indonesia, Mexico, Columbia and Peru.

Taking a closer look at ASTM standards, it be-
comes clear a shift to performance-based stan-
dards has been initiated since the early 1990s.
More specifically, already in 1992 ASTM C-1157
was first developed. This is a performance-based
cement standard for hydraulic cements. It exists
alongside two prescriptive cement standards
(ASTM C-150 and ASTM C-595), for hydraulic and
blended cements respectively. Furthermore, in
more recent years, performance-based stan-
dards have been developed for alkali-activated
cementitious materials (ASTM C1948), as well as
a performance-based standard for SCMs and the
inclusion of performance-based cement types
in traditional compositional standards (ASTM C
595).

As a direct result, countries relying on ASTM to-
day have a standardisation system in place which
is either hybrid (i.e. recipe-based and perfor-
mance-based standards are both being used as
for example is the case for the US) or fully per-
formance based (i.e. intentional choice to exclu-
sively use performance-based standards as is
the case in a growing number of Latin American
countries). In both cases, this offers new innova-
tions - including all forms of clinker substitution
or cement blending techniques- a clear and com-
mon framework against which the performance
of their products can be assessed, which is key
for building a successful business case towards
contractors, investors and insurance players.
Amongst others, this helps explaining why some
of the more disruptive technologies (e.g. new ce-
ment binders) tend to be developed first in the
us.

Finally, it is worth highlighting that a shift to a
full performance-based system has never given
ground to any significant market disruptions.
On the contrary, the example of several Cen-
tral-American countries learns that it helped in
further strengthening the resilience, competi-
tiveness and energy performance of the indus-
try (i.e. more flexibility to cope with volatility in
material supply and surging energy prices'").
Furthermore, given that virtually-all European ce-
ment companies operate on a global scale, inclu-



ding in markets dominated by ASTM standards,
it is fair to assume a solid level of understanding
exists on how to operate in a performance-based
system.

BSI: a second interesting case stems from the
UK where the British Standards Institute (BSI)
has been heavily involved in recent years in de-
veloping standards for what is coined alternative
binder systems with a lower carbon footprint.
Already in 2016, PAS 8820 was adopted to
serve as a standardised framework for assessing
alkali-activated cementitious materials for use in
concrete. However, building upon this and other
efforts recent years saw the adoption of BSI FLEX
350'%. This links to the national equivalent of the
European concrete standard (EN 206). Howe-
ver, whereas EN 206 is extremely prescriptive
in what types of cements can be easily used, BSI
Flex 350 introduced more flexibility in the use of
new types of SCM (e.g. grounded glass) as well as
other clinker substitution as well as cement blen-
ding techniques.

While the final picture on concrete for the UK
still does not offer a fully performance-based
picture, it does create significantly more options
for a range of low-carbon technologies, as such
highlighting the shortcoming to the existing si-
tuation whereby solutions are sought (and in this
case found) for shortcomings created by the Eu-
ropean cement standards (EN 197). Also, from a
competitiveness point of view, the adoption of
BSI Flex has spurred innovation in the cement
and concrete space in the UK, with the number of
contractors using SCMs and other clinker substi-
tution and cement blending techniques being at
an all-time high'4. Furthermore, in fairly closed
regional European market (due to recipe-based
standards), a growing traction is created by BSI
Flex 350 in terms of attracting and deploying in-
novations developed in (and beyond) Europe on
the domestic market.

3.3 The EU BREF on Cement, Lime and
Magnesium oxide production

The revised Industrial and Livestock Rearing
Emissions Directive (IED 2.0)'% as amended by
Directive 2024/1785'%, is the main EU instrument
to reduce pollutant emissions into air, water and
land, and to prevent waste generation from large
industrial installations. It now further includes
provisions on climate protection and circula-
rity. The directive provides national permitting
authorities with environmental norms for the
concerned installations, for the granting of ope-
rating permits across the EU. At the core of the
permits are the ‘Best Available Techniques’ or

‘BAT that the operator can employ to prevent
or reduce the environmental impact of their
activities. BATs are generally identified sec-
tor-by-sector through an information exchange
managed by the European Commission’s EU-
BRITE'. This process relies on the collabora-
tive work of experts from EU agencies, Member
States, industry associations, and NGOs, and re-
sults in BAT Reference Documents or BREFs'®.

Part of the BREFs form the conclusions on BAT,
which are adopted as secondary legislative acts,
and become the basis for drafting permit condi-
tions by the permitting authorities in Member
States.

The cement producers falling under the scope of
the IED 2.0'® are concerned by the EU BREF on
Cement, Lime and Magnesium oxide production
(CLM BREF)™®,

The current CLM BREF was finalised on the
technical side already in 2010, the final techni-
cal working group meeting took place already
in September 2008. This was in a period when
the legal framework was revised by the Indus-
trial Emissions Directive (2010/75). While the EU
BREF review process was kept unchanged in the
IED (2010/75), it took 4 years for the European
Commission to propose the BAT Conclusions in
the required legal format. These BAT Conclusions
were finally published in the official journal of
the European Union on 9 April 2013 and the CLM
BREF around the same date, however it does not
include the more recent and cleaner production
routes. The reference plant information dates
back to pre-2008, meaning it is outdated by at
least 17 years. Its review is foreseen to start in
2027, since the process has been excessively de-
layed. The mandate of the IED 2.0 provides for
an 8-year review cycle, meaning the review of the
April 2013 CLM BREF should have been already
kick started latest in April 2017, since a BREF re-
view takes in average, 4 years.

It needs to be noted that, cement production is
not only intensive in terms of GHG emissions, but
also in terms of other harmful pollutant emis-
sions such as particulate matter (dust), sulphur
oxides (S0O,), nitrogen oxides (NO,) and mercury.
Alongside the iron and steel sector, cement ranks
among the worst-performing industries on the
EU Industrial Emissions Portal. While emissions
from the energy sector are expected to decline
significantly due to the EU's coal phase-out poli-
cies, the cement industry remains a major source
of air pollution—particularly from Portland
clinker production.



The upcoming review of the CLM BREF should
primarily focus on transitioning away from Port-
land clinker-based processes, and on substantial-
ly reducing the clinker-to-cement ratio. When this
is not feasible, it is important to also investigate
end-of-pipe solutions. In a nutshell, the technical
options under consideration include:

+ the use of less pollution-intensive SCMs
such as combustion fly ash or blast fur-
nace slag. The road to net-zero in other
industries, however, is likely to limit ac-
cess to this option.

* the use of alternative low-carbon binders,
like alkali activated binders, (Ecocem Ul-
tra'", Hoffmann ciments'?) or binders
developed by companies TerraCO2'?
(using silicate-based igneous rocks), FU-
TURECEM"* (combining calcined clay and
limestone to replace 40% of Portland clin-
ker in cement) and.

+ avoiding the use of limestone altogether,
as per the techniques developed by
Brimstone'* (producing cement from cal-
cium silicate rock), and Sublime''® (taking
calcium out of different minerals).

« fuel switching to renewable fuels or
electrification to also address process
heat-related emissions.

+ end-of-pipe carbon capture solutions,
such as CCS.

+ advanced end-of-pipe solutions for the
abatement of air pollution, incl. for dust,
NO, and mercury emissions from kiln fi-
ring. The obsolete provisions of the cur-
rent BREF need to be updated to reflect
the state-of-the-art performance of effec-
tive abatement techniques, setting dust
levels <5mg/Nm3 (performance asso-
ciated with the implementation of fabric
filter technology), NO, emissions levels
<200 mg/Nm3 (the wide uptake of Selec-
tive Catalytic Reduction (SCR) technology
in the sector suggests that far lower le-
vels are achievable), and mercury levels
<10pg/Nm3.™7

An ambitious review of the CLM BREF is, howe-
ver, only one side of the coin. The other side is
to ensure a sound implementation of the stan-
dards, with limited derogation permissions. A de-
rogation may only be granted when well-justified
due to technical applicability restrictions, or spe-
cial local conditions, and if granted, it should be
limited in time and tied to plant upgrades aiming
to improve the environmental performance of
the process.

It is both noteworthy and surprising that there
are still plants in Europe (in France) derogating
from the current 2013 CLM BREF, even if those
standards are based on outdated (by more than
15 years) data.

3.4 Industrial emissions directive- Trans-
formation plans and Transition
pathways

The revised Industrial Emissions Directive (IED
2.0) obliges operator of cement kilns to elaborate
a ‘Transformation Plan’ (TP) on “how the installa-
tion will transform itself during the 2030-2050 pe-
riod to contribute to the emergence of a sustainable,
clean, circular, resource efficient and climate-neu-
tral economy by 2050, including deep industrial
transformation”.

The TP must be provided by latest 30 June 2030,
and it shall be integral part of the Environmental
Management System. However, it is for environ-
mental verifiers (auditors) to assess the confor-
mity of the plans with the requirements and mi-
nimal content by 30 June 2031 only, as set within
a Commission delegated act to be provided prior
to 30 June 2026.

The key shortcoming of this provision is that
content is ‘indicative’ non-binding and the ab-
sence of clear and measurable key performance
indicators as to what the meaning of ‘clean’ or
‘circular’ actually is for the sector concerned.
There is a risk that this becomes a tick-box exer-
cise without any screening as to the ambition and
seriousness of the ‘plans of good intentions’ set
out by the operators. For this reason, the EEB in-
sists that the Commission delegated act should
provide the necessary clarity on minimal expec-
tations and content on the how to achieve what,
by when'®,

The obligation for the biggest cement producers
to do this intellectual effort may be challenged
through the “simplification of administrative
burdens in environmental legislation”, which, fol-
lowing a call for evidence'® resulted in a propo-
sal by the European Commission suggesting an
outright scrapping of the obligation relating to
the TP'2°. The co-decision is in progress at the
writing of this report, and it is very likely that the
IED TP provisions will be removed. Statements
made by the Industrial Alliance, which includes
Cement Europe but not present at the meeting
held with the European Commission on 8 May
2025, expressed concern that “the non-binding
nature of transformation plans under Article 27(d)
is not clear to all”. It would be a positive surprise if
the industry would now prefer binding transfor-
mation plans instead.



Business Europe was already successful in emp-
tying the substance of the Climate Neutrality
Plans within Art 22(1) of the Directive on Corpo-
rate Sustainability Due Diligence’' which remain
atcompany level and hence would be of no added
value to the IED 2.0 implementation. The Cor-
porate Sustainability Due Diligence Directive'??
requires companies from large undertakings to
detail plans of the undertaking (at company level)
ensuring that its business model and strategy are
compatible with the transition to the Paris Agree-
ment (max 1.5C global warming target).

Currently only the worst performers against
the EU ETS benchmark level (higher than 80th
percentile of GHG levels) would have to elabo-
rate a Climate Neutrality Plan due to the EU ETS
requirements’?, and the main purpose is to re-
ceive “free allowances” (of GHG pollution). The
EU ETS benchmark level is extremely high for
grey cement clinker (693kg CO,, /t) and for White
cement clinker (957kg CO,, /t), making this requi-
rement quasi-irrelevant to most EU cement pro-
ducers. and unfortunately, can't be considered
aligned to a 1.5-degree pathway'*.

Unlike steel or chemicals, cement has no de-
dicated European Commissions transition
pathway; the Construction Ecosystem Transi-
tion Pathway (2023) addresses building renova-
tion, energy performance, and digitalisation but
does not cover embodied carbon. This leaves out
options for LCB's and novel Portland recipe ce-
ments to reduce embodied carbon of concrete in

construction.

3.5EU ETS and sustainable finance
benchmarks

The EU ETS benchmark level is extremely high for
grey cement clinker (693kg CO,, /t) and for White
cement clinker (957kg COZeq/t). This reflects the
emissions level associated with conventional
clinker-based production that remain pollution
intensive. The EU ETS benchmark derivation is
backwards looking; it is based on the average
GHG emissions intensity of the 10% ‘most effi-
cient' installations in 2016/2017.

The selection criteria are not disincentivising
enough to exclude out installations not aligned
to net (GHG) zero nor considering most effective
production pathways in achieving decarbonisa-
tion.

While the revised EU ETS benchmarks were im-
proved slightly to also allow some alternative hy-
draulic binders (e.g. calcined clays), the product
benchmark is based on clinker production (cf. An-
nex | of the EU ETS). In practice, this means that

only clinker producing installations, including
those which produce alternative hydraulic bin-
ders, are eligible to benefit under this benchmark
for free allocations in the EU ETS framework.

As long as free allocations continue, any clin-
ker-based cement producer, with CO, emissions
below the benchmark may continue to benefit,
while a clinker-free LCBs producer receives no
comparable support under the ETS framework.

The EU Taxonomy regulation (2020/852), which
produces the technical screening criteria (TSC)'?°
for substantial contribution to climate change
mitigation is not legally linked to the revision of
ETS benchmarks, though they were derived from
them. ETS benchmarks are revised every five
years while TSC for transitional activities, inclu-
ding cement manufacturing, are reviewed every
3 years (Article 19.5 of the regulation). The final
report on the platform for sustainable finance,
which updates the TSC's for the taxonomy re-
gulation, recommends that the TSC's should be
updated to reflect the revised ETS benchmark
when the sector average is not decarbonising at
the minimum annual improvement rate defined
in the ETS legislations, (under Article 10.a.2 of
2018/410)- which sets a minimum reduction rate
floor of 0.2 % per year capped at a maximum of
1.6 % per year.

For grey cement clinker, the top 10% of the ETS
installations improved at around 0.5% over 2008-
2017, above the 0.2% floor prompting the revi-
sion of ETS benchmarks by 0.5% (0.689t COZeq/ t
for 2026-30). The TSC threshold for grey cement
clinkeris now at 0.722t CO,, / tand 0.469t CO,, /
t for cements and alternative binders and has not
been revised but is expected to be adopted by the
Commission yet. As it stands, these thresholds
do not drive investments towards deep decarbo-
nisation of the cement industry as they are still
calibrated for Portland clinker production and
do not provide specific incentive for clinker-free
low-carbon binders.

The Taxonomy regulation also specifies TSC's for
buildings and infrastructure sectors which offer a
significant opportunity for low-carbon concrete.
However, concrete specific criteria are only listed
for the use of concrete in civil engineering as a
DNSH (do no significant harm) criteria for cli-
mate mitigation and are the same as listed as
climate adaptation criteria for the manufacture
of cement. This is 0.816 t CO, /t for grey cement
clinker and 0.53 t CO,, /t for alternative hydraulic
binders.

The TSC's for circular economy specificto concrete
include the reuse and recovery of construction



waste, a full life cycle analysis disclosed on de-
mand, pre- demolition audits and limits on the
distance between the site of activity and recycling
facilities.

3.6 Industrial accelerator act (IAA)

An official proposal for the Industrial Accelerator
Act has been published in March 2026. According
to the first indications by the European Commis-
sion, IAA will target mainly three aspects of indus-
trial decarbonisation:

* Accelerating permitting procedures to improve
the access to energy, hydrogen and CCUS in-
frastructure.

« Identifying and promote priority projects and
clusters to support and promote them, inclu-
ding through access to funding.

* Create and protect EU lead markets for low-car-
bon products, including introducing sustaina-
bility and resilience criteria and minimum EU
content requirements in public (and in some
circumstances, private) procurement in strate-
gic sectors while mandating public procure-
ment quotas for low-carbon products in steel,
concrete, Aluminium and electric vehicle com-
ponents.

A correct prioritisation of measures when it co-
mes to providing public support to industrial de-
carbonisation is needed to identify projects able
to address decarbonisation, strategic autonomy
and competitiveness goals.

To do so, it is key to give priority to projects able
reduce the use of energy and materials, phase
out fossil fuels, promote circular economy prac-
tices, spark electrification and the substitution of
carbon-intensive materials with low-carbon alter-
natives.

When it comes to the creation and the protection
of lead markets for low-carbon products, first-
ly a sound and technology-neutral definition of
«low-carbon» is needed. Then, the protection of
lead markets should be based on environmental
and social standards rather than just GHG emis-
sion footprint.

It's expected that the IAAwill produce labels which
can cover only the GHG emissions of products
and not all the environmental parameters listed
under Annex | of the ESPR (product parameters)
or the Annex Il (predetermined environmental
essential characteristics) of the CPR.

While the IAA intends to kick start lead markets
for low-carbon products in public procurement
with these labels, it delegates the mandate to
the ESPR and CPR for these labels. It is expected

that the ESPR and CPR will produce the product
requirements, subsequent labels covering many
environmental parameters by 2029, when the
mandatory low-carbon requirements in public
procurement is enforced by the proposed IAA.

The IAA has a special focus on EU origin require-
ments for strategic products, including steel and
cement. The recently published proposal for the
Act mandates at least 5% of the total volume of
concrete and mortar used to be “low-carbon and
of Union origin” which many stakeholders consi-
der too low for creating lead markets for low-car-
bon concretes. But this view is contingent on the
thresholds defining a low-carbon product which
once again is defined by the performance classes
for products, produced by the ESPR and the CPR.

A ‘Buy European” requirement is best placed for
products that are higher in sustainability, cove-
ring all social and environmental impacts of the
product’?,

The EU should prioritise trade with partners who
are committed to the Paris agreement, as well as
other global conventions on biodiversity, pollu-
tion, resource consumption and social rights. Re-
maining open would allow the EU to benefit from
additional innovation and an increased capacity
to speed up the transition to a healthy climate,
biodiversity and pollution-free environment.
This is also compatible with a “Made with the EU”
framework which embeds the sustainability pre-
ference first, while enabling the EU to use market
access and demand leverage to drive the reduc-
tion of environmental and social impacts of glo-
bal trade and consumption.

An alliance with partners committed to protec-
ting the climate, biodiversity, resource consump-
tion and social rights to support a just transition
can also keep global resource use within planeta-
ry boundaries.

3.7 Improving circularity of construc-
tion and demolition waste — Circular
Economy Act and Waste Framework
Directive

Construction and demolition waste (CDW) repre-
sented over one-third of all waste generated in
the EU. It is composed of diverse materials, in-
cluding concrete, bricks, wood, glass, metals, and
plastics. CDW arises from the construction and
demolition of buildings and infrastructure, as
well as from road planning and maintenance ac-
tivities. When excavated soil is excluded, the lar-
gest material fraction in CDW is the mineral frac-
tion, which accounts for an average of 77%. This
consists mainly of concrete (24.0%) and bricks
(5%), followed by tiles and ceramics (1.2%), with
mixed mineral waste making up 47%.'%



While EU Member States comply with the 70%
recovery target for 2020 set out in the Waste
Framework Directive (WFD) - with most already
exceeding this threshold in 2016 - closer exami-
nation of waste management practices shows
that CDW recovery is still predominantly based on
backfilling and low-grade applications (“down-cy-
cling”), such as the use of recycled aggregates in
road sub-bases.'?®

Moving towards more circular approaches for Eu-
rope’s largest waste stream holds significant po-
tential for reducing CO, emissions. According to
the European Commission, improving reuse and
recycling of CDW (excluding excavated soils and
dredging spoils) could cut emissions by around
48 Mt CO,,, per year, while also generating net
cost savings of approximately EUR 7.3 billion.
These savings stem from prioritizing reuse over
incineration, landfilling, and recycling.’®®

For concrete alone, an analysis by the Joint Re-
search Centre (JRC) of the European Commis-
sion estimates potential savings of 7.7 Mt CO,_
annually under an improved reuse and recy-
cling scenario. This assumes that 100% of waste
concrete can be directed to either reuse/prepara-

tion for reuse (13%) or recycling (87%), compared
to a 2020 baseline of 79% recycling and 10%
recovery. If excavated soils and dredging spoils
are also considered, the potential climate impact
grows further: 51.5 Mt CO,_, savings per year,
alongside net savings of about EUR 19.5 billion."°

The poor management of CDW not only creates a
heavy environmental burden but also wastes va-
luable resources that could help decarbonise the
cement industry. The decarbonisation potential
liesin:

* Direct reuse and preparation for reuse of, e.g.,
pre-cast concrete elements, which reduces ove-
rall material demand.

* High-quality recycling, e.g., substituting or sup-
plementing the need for Portland clinker in
cement production (as recycled cement paste)
and in concrete (as recycled concrete fines).

However, current EU policies have so far failed to
unlock this potential. The WFD, in particular, has
not delivered meaningful improvements in CDW
management. Outdated provisions continue to
act as barriers to progress.

Activated cement paste, recycled from
construction and demolition waste as
clinker substitute. Courtesy Everox.




The 2018 WFD sets a combined target of 70% for
preparing for reuse, recycling, and other mate-
rial recovery (including backfilling) to be achieved
by 2020. Because the target is aggregated, it can
be met largely through recovery operations and
low-grade recycling/downcycling - approaches
that do little to advance circularity and decarbo-
nisation.

There is an urgent need to revise the target into
separate, material-specific targets for reuse
and high-quality recycling, calculated through a
common methodology. Such a revision would
help drive reuse and high-quality recycling,
while contributing to the decarbonisation of the
construction sector.

Importantly, Article 11(6) WFD already includes
an evaluation clause requiring the European
Commission to consider by by December 2024 -
reuse and recycling targets for CDW and its ma-
terial-specific fractions, and to report to the Eu-
ropean Parliament and Council - accompanied,
where appropriate, by a legislative proposal. Yet,
the Commission has not fulfilled this obligation
(as of March 2026).

Another major gap in current legislation is the
absence of concrete measures to facilitate the
reuse and preparation for reuse of construction
materials and CDW. Article 11(1) WFD merely sti-
pulates that “Member States shall take measures
to promote selective demolition in order to en-
able removal and safe handling of hazardous
substances and facilitate re-use and high-quality
recycling [...]". This provision has proven insuffi-
cient, as the data above clearly demonstrate.

To achieve meaningful progress, more concrete
and binding measures are required - such as a
ban on demolition and wrecking of buildings and
infrastructures without proper end-of-life plan-
ning. Such planning must include:

* Mandatory deconstruction planning, supported
by pre-demolition audits,

« verification and enforcement mechanisms, and
* source separation of materials.

These steps are essential preconditions for ena-
bling effective reuse and high-quality recycling.
Such measures have been consistently called for
by the recycling industry, cities, and civil society
organisations™’, yet they were not addressed in
the latest targeted revision of the WFD, which fo-
cused only on food and textile waste.

The European Commission’s initiative to propose
a Circular Economy Act by Q3 2026 - aimed at
enhancing the EU's economic security and com-
petitiveness while promoting more sustainable
production, circular economy business models,
and decarbonisation - represents a key oppor-
tunity to implement these changes. This could
be complemented by other measures such as
introducing Extended Producer Responsibility
for construction products, applying fiscal instru-
ments such as green taxes to level the playing
field between secondary and primary materials,
green public procurement, and standardising se-
condary raw materials to strengthen their credi-
bility.

3.8 State aid for cement/concrete decar-
bonisation

According to the DG Competition Case Search
Tool, some state aid schemes have been awar-
ded to projects specifically concerning the ma-
nufacturing of cement'®. General schemes have
been agreed by AT, PT, FR, DE and SK to support
energy and emission-intensive industries and
promote their transformation, but to understand
to which extent they target cement production
would require a detailed analysis of each deci-
sion, which is not in the scope of this paper.

The State aid frameworks aimed at supporting
industrial decarbonisation (CEEAG and CISAF'33)
include provisions that could be used for cement
production, such as aid for the reduction of GHG
emissions (paragraph 4.1 CEEAG), aid for re-
source efficiency and support circular economy
(paragraph 4.4 CEEAG) and aid for the prevention
or the reduction of pollution other than GHGs
(paragraph 4.5 CEEAG), aid for the decarbonisa-
tion of industry (chapter 5 CISAF). CISAF also in-
clude specific requirements for supporting CCS
projects (paragraph 5.2.3)

Outside the EU, Norway has generously sup-
ported a CCS project serving a Heidelberg Ma-
terials plant in Brevik, which took 20 years from
planning to pilot runs and which has a CO, cap-
ture rate of only 50%'* (about 400.000 t per
year). The project has been extensively funded
by the Norwegian government with 16,8 billion
NOK'5, equivalent to 1,4 billion €.

The decarbonisation of cement manufacturing
has been heavily supported by the Innovation
Fund but only through CCUS projects and dis-
regarding other cheaper and effective options.
According to research made by Carbon Market
Watch and WWF EU™3¢, from 2020 to 2022 more



than one third (2,5 billion €) of the total Innovation Fund budget went to financing CCUS projects,
most of which were targeted to cement installations (11 projects worth almost 2 billion €).

It is unclear whether, at least, such projects included minimal conditions regarding, for instance, mi-
nimal CO, capture rates; remains the fact that the allocation of the Innovation Fund is far from being
technology neutral and clearly prioritise the more expensive, energy-intensive and inefficient way to
decarbonise the sector.

Furthermore, cement manufacturers benefitted from the so-called free allocation, meaning that they
have basically been exempted from paying for their CO, emissions under the EU ETS Directive. Ac-
cording to the above-mentioned report, almost 60% (~60M tonnes) of CO, emissions of the sector
are caused by 5 companies: Heidelberg Cements, Holcim, CRH, Buzzi Unicem and CEMEX. All their
emissions (and even more in some cases) were covered by free allowances. This led to a substantial
lack of progress in terms of decarbonisation.

The number of free allowances provided to cement manufacturers in the 2021-2024 period has been
96,7 million per year, equal to about 5,1 billion € in 2021, 7,7 billion € in 2022, 8 billion € in 2023 and
6,3 billion € in 2024."%"

Finally other impacts from cement production are not accounted for, such as through external da-
mage costs generated due to air pollution and water quality, which is a cost for society. Only a very
few countries apply pollution charges, such as in France (Taxe generale sur les activités polluantes) or
the Norwegian NO, charge system. The EEA highlights that the operation of the top 30 cement sites
generated an air pollution damage cost worth 6.2 € billions in 2021.

Table 7: Top free allocation recipients among cement companies

Emissions Free allowances Ratio of free
Company Location (tonnes/CO,__in . allowances to
2eq (in 2023) -
2023) emissions
HeidelbergCement | Germany 20,124,083 21,329,441 106%
Holcim Switzerland 16,440,097 16,683,826 101.4%
CRH Ireland 10,896,621 10,437,536 95%
Buzzi Unicem Italy 7,607,778 7,673,814 100%
CEMEX Czech Republic | 4,688,919 5,800,617 123.7%

3.9 Energy Performance of Buildings Directive and the Renovation Wave

The recast of the Energy Performance of Buildings Directive (EPBD) was the central legislative initia-
tive of the European Commission’s 2020 Renovation Wave strategy and the key element of the “Fit
for 55" package related to buildings. The final act entered into force on 28 May 2024. It needs to be
transposed into national legislation by 29 May 2026. The main objectives of the recast are to at least
double the annual energy renovation rate of buildings by 2030, increase the depth of buildings reno-
vations, improve information on energy performance and sustainability of buildings, and ensure that
all buildings will be in line with 2050 climate neutrality requirements.

While the Renovation Wave and the EPBD target primarily the reduction of operational greenhouse
gas emissions, the recast introduces the first steps to address Whole Life Carbon (WLC, referred to
as “life-cycle GWP") by introducing obligations to calculate and disclose WLC for new buildings (from
2028 for buildings with a useful floor area greater than 1,000 m? and from 2030 for all new buildings)
and set limit values from 2030 on total cumulative WLC of all new buildings. It influences adoption
of low-emission cement and concrete indirectly by motivating building owners and investors across
all building sectors to identify and implement measures to reduce embodied carbon, with concrete
representing the large single embodied carbon hotspot for priority attention.



According to Annex lll of the Directive, the total
life cycle GWP is to be communicated as a nume-
ricindicator for each life-cycle stage expressed as
kgCOZQq/m2 (of useful floor area) over a reference
study period of 50 years. It should be calculated
in accordance with EN 15978:2011 for the scope
of building elements and technical equipment
defined in indicator 1.2 of the Level(s) common
framework. Where a national calculation tool or
method exists or is required for making disclo-
sures or for obtaining building permits, that tool
or method may be used to provide the required
disclosure. Other calculation tools or methods
may be used if they fulfil the minimum criteria
laid down by Level(s). Data regarding specific
construction products calculated in accordance
with the CPR are to be used when available.
However, it is important to note that since the
national limit values and reporting will focus on
the building level and be expressed as kg.CO,, ./
m2 (of useful floor area), it does not consider
the number or space efficiency of new buildings
constructed. This means that while this measure
could lead to a reduction in embodied carbon per
m2, the total carbon emissions of the buildings
sector may continue to rise by an increase in ove-
rall construction. In addition, since WLC limits will
be set at national level, they may lack ambition
to drive reduction of embodied emissions (i.e. if
they can be achieved only with energy efficiency
improvements reducing operational emissions).
To accommodate WLC limits that also encourage
the lead markets for low-carbon binders, it could
be useful to set limits for embodied carbon se-
parately from operational GHG emissions. This is
not difficult as the total WLC limits are derived
from a lifecycle approach using the standard
EN 15978 and this already includes the product
stage (A1-A3 in EN 15978) and the operational
stage and are a sum of internal limits across all
life cycle stages. However, many member states
have adopted a single limit value for WLC for
ease of use.

A notable example for this approach is France’s
RE 20202#, which has listed limits for construc-
tion products and the construction process, se-
parated from operational energy use over a 50-
year reference period.

As the carbon emissions of construction pro-
ducts are accounted only once over the 50-year
reference period, their relative share of embo-
died emissions increases over time as operatio-
nal energy use becomes less carbon intensive.
Over a lifetime of 50 years, the materials used ty-
pically account for more than half of its whole life
carbon emissions. Therefore, embodied carbon
limits apart from operational limits are impor-
tant, since the largest share of a buildings carbon
footprint is locked in before it's ever occupied.

Tracking construction product emissions and
setting separate limits help in sending a clear
market signal on the adoption of low-carbon ce-
ments and facilitates the transition from ‘nearly
zero energy buildings' in 2020 towards the ‘zero
emission buildings' in 2050. This is already the
case for green building certification agencies,
who rank the embodied carbon separately.

3.10 Tools for tracking progress in ce-
ment transformation and pollution
reporting systems

The existing tools for tracking progress in cement
transformation and pollution prevention / reduc-
tion apply both at the manufacturing stage (ce-
ment kilns) level as well at the product (cement/
concrete) level, however these tools are not yet
fit for purpose on many counts.

Manufacturing stage level (e.g. Industrial Emis-
sions Portal, EMAS):

The European Pollutant Release and Transfer
Register (E-PRTR)'® was established in 2004.
The coverage is limited to a set of 91 pollutant
(groups) of large-scale industrial activities, inclu-
ding cement production sites with clinker pro-
duction above 500 tonnes per day. The current
reporting is annual and focused on annual re-
leases (in mass) of those pollutants to air, water
and land as well as waste transfers.

Many reporting obligations also existed prior
to the IED 2.0, and a better integration of both
reporting systems is expected from various im-
provements introduced through the Industrial
Emissions Portal Regulation’ (IEP-R), which aims
to enhance public access to information related
to industrial emissions and facilitate public par-
ticipation in environmental decision-making. The
IEP-R was published in the Official Journal of the
European Union on 2nd May 2024.™40

The main shortcomings of the current Industrial
emissions portal (hereafter referred as portal or
IEP) were:

* Does not allow EU-wide benchmarking of the
environmental performance of industrial activi-
ties covered by the IED. The performance data
formats are reported in annual tonnes for every
site in the IEP, but the emission limits under the
EU BREF benchmarks are mostly expressed in
mass concentrations.

* The conditions listed in the permits in force or
the compliance data are not directly integrated
in the portal. The data are not comparable at
the EU level for similar activities and require



acquiring national permit data, involving exten-
sive efforts.

+ Data related to inputs (e.g., water and energy
consumption) are not made available.

* Information is not put in context: it is difficult
for citizens to understand the scale of pollu-
tion and health and hazard relevance to which
they might be exposed. Without a comparable
performance data of the industrial site/ activity
and their energy and water consumption data,
it's difficult to assess the best efforts by opera-
tors on pollution prevention and reduction at
source. Ensuring the availability of performance
data would level the environmental playing field
for the operators while making data more use-
ful for various users.

The updated IEP-R™ addressed some of these
issues to make environmental performance data
comparable:

*The list of pollutants and current reporting
thresholds were updated in 2025, with the aim
to have at least a 90% capture rate and a “0”
threshold for pollutants displaying a particu-
larly high hazard to the environment or human
health.

* The reporting on production volumes and ope-
rating hours is now mandatory for all installa-
tions. A ‘voluntary’ obligation existed so far as
of 2023.

* Reporting on inputs, such as energy, water and
‘key' raw materials are mandatory but actual re-
porting on the new system will only start from
2027. Various raw materials used in cement
clinker will now have to be reported specifically.

« Other contextual information reported under
the IED 2.0 will have to be integrated in the IEP,
which is expected to be user-friendly, allowing
extraction of data via query-based datasets.

Other instruments, such as the EMAS Regulation,

are voluntary and require an annual reporting

obligation on related key benchmark indicators

(called core environmental performance indica-

tors) on the Environmental Management Sys-

tems (EMS), sharing basic content as listed in the

Annex IV of the EMAS Regulation™?,

However, the reporting is not made at the instal-
lation level'* and very few cement producers are
registered under EMAS, e.g. Rudersdorf cement,
Cementos Portland Valderrivas El Alto Plant, Ti-
tan (Greece), Holcim (Spain)'#. The IED 2.0 stren-
gthens EMS-related provisions and enhances the
relevance and uptake of EMAS. At the least, ope-

rators of IED activities should provide a functio-
nal web link to the environmental report of the
EMS (EMAS or ISO 14001) in a digital format to al-
low extraction of data by the EEA which manages
the Industrial Emissions Portal.

If these positive changes are implemented and
information is made transparently available in
a user-friendly format, it would be possible to
put pollution, input and consumption data into
context of production volumes at the installa-
tion level. This enables data comparability on
the performance of various operators on many
parameters in standardised units for concrete
or cement produced, improving the level playing
field among operators. This approach would also
promote benchmarking at the product level, es-
pecially because most of the pollution footprint
occurs at the manufacturing stage of cement/
concrete.

Product stage level (EPD / Construction Product
Regulation):

Information at the product level covering the full
environmental footprint of relevant stages of the
life cycle stages of the concrete value chain is es-
sential for benchmarking products and enabling
smart procurement (about 40% of all EU concrete
is purchased by public buyers). Reporting should
thus be objective and non-discriminatory towar-
ds the policy objectives) pursued (e.g. pollution
prevention, circular economy and climate neutra-
lity). For construction materials like concrete, de-
carbonisation and circularity go hand in hand'#.

The revised European Construction Product Re-
gulation (CPR)™® mandates disclosure of environ-
mental information through enhanced Environ-
mental Product Declarations (EPDs). These follow
LCA methodologies covering aspects beyond glo-
bal warming potential, such as recycling, water
use, toxicity, etc'#. Article 15 of the CPR requires
the declaration of performance and conformity,
which includes the product's environmental sus-
tainability performance covering the essential
environmental characteristics as listed in Annex
Il of the CPR. These cover various climate change
effects, ozone depletion, acidification or eutro-
phication potential, abiotic depletion, water use,
emissions such as particulate matter, eco and hu-
man toxicity as well as land use related impacts.

Article 16 of the CPR requires the EPD's to be
human and machine readable, searchable and
transferable without vendor lock-in and free of
charge. The manufacturer should make this in-
formation available in a digital product passport.
Requirements on the minimal content and for-
mat of the digital product passport are specified



in Article 75 of the CPR.

Initiatives such as Building Transparency'® support openEPD™, a free, open digital standard format
for EPDs. Those are compliant with both ISO and EN standards and are available digitally, making
EPDs interoperable between databases and usable at a global scale. A dedicated database of digital

EPDs based on powerful search criteria has been set up on this basis'®.

Building level reporting (EPBD):

Whole life cycle targets (decarbonisation) are also set at the building level, through the EPBD or na-
tional regulations. Embodied carbon limits of buildings rely on sharing of disaggregated, robust and
inter-operable environmental footprint information over the life cycle of the concrete value chain,
similar to the data offered through installation level environmental performance data e.g. European

industrial emissions portal.
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Decarbonising the supply chain and creating
lead markets via public and private procurement.

4.1 The cement/ concrete value chain

To decarbonise the use of cement, a full value chain approach is required. In the cement, concrete,
and construction value chain, we can find the following actors: raw material/ feedstock providers,
clinker producers, cement producers, manufacturers of cement derived products such as concrete,
construction companies, engineering companies and architects, building and infrastructure owners
and finally the end-users. All will have to adopt new practices, to enable full exploitation of the decar-
bonisation potential in the value chain.

Cement, concrete, and construction value chain

T
Environmental
product
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programme
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Actors in the value chain typically carry-out the <A LCB pathway as of now requires the recogni-

following economic activities:

* Raw material suppliers source, extract, and pre-
pare input materials to be used by cement pro-
ducers, including in some cases the production
of clinker. SCMs that can replace Portland clin-
ker and reduce process emissions and hence
produce low-carbon binders are also include

tion and regulation of new emerging techniques
from the Industrial emissions directive and re-
quires new harmonised standards for these
binders to be used as cement or in concrete so
that they can be available in the EU single mar-
ket and become part of lead markets from pu-
blic procurement.

here. Finally, it is important to highlight that there is
a high degree of vertical integration throughout

Cementitious product manufacturers may pro- the above value chain. As pointed out by the Joint

duce their own clinker, produce cement, and Research Centre: “many, if not most, cement
if they produce concrete, they then blend the companies [here referring to traditional Portland
cement together with other materials such as clinker producers] show a high degree of verti-
aggregates and water. Depending on the pro- cal integration and are consequently involved
duct, concrete can be either produced in the throughout the supply chain. The majority of
construction sites or pre-casted in production cement companies own the quarries. Some pro-
facilities. A wide range of economic actors are ducers also integrate downstream industries (i.e.
involved in the production of concrete and most  concrete) and associated products (e.g. aggre-
of them qualify as a small or medium-sized en-  gate)"'>". This trend is continuing in recent years,
terprise (SME). However, there are also large with a growing number of acquisitions from tra-
construction companies involved in the pro- ditional cement companies in the construction
duction of concrete. Moreover, most concrete and demolition waste sector, to strengthen their
producers operate independently, while several own position in the market. For obvious reasons,
companies are vertically integrated into cement  the above market structure has an important im-
production value chains. pact on the degree to which certain innovations
on the supply side are promoted and taken up.

The construction companies can be large or

small and usually work for clients that can be 4.2 Analysis of decarbonisation road-

private companies or public entities. Construc-
tion firms focus on practical delivery of a buil-
ding or piece of infrastructure that meets client
and end-user needs.

maps in the construction value chain.

Decarbonisation of entire industrial sectors re-

quire close collaboration across the value chain.

The structural engineering bureau and archi-
tects design and propose projects to private
and public customers. They are usually the link
between the construction companies and the
final client by providing a concept, design, that
the construction company delivers to meet the
client brief.

Project financing and insurance services cover
the investment and liabilities of projects. Their
role in the deep decarbonisation of the value
chain facilitates the risk management of the
large investments required, also important for
successful lead market creation.

The cement and concrete industries are no ex-
ception. Without the entire construction value
chain adopting decarbonisation roadmaps co-
vering their own operations as well as upstream
and downstream stakeholders, the sector risks
falling behind and losing the pace needed to
transition competitively on a global scale.

The need for a synchronised sectoral decarbo-
nisation approach is widely acknowledged. In-
dustry-led global coalitions for demand creation
exist like the First movers’ coalition'™?, Mission
possible partnership™?, and intergovernmental
efforts like Industrial Deep decarbonisation ini-

tiative™. It's also evident from coalitions created

EPDs are necessary for tracking the carbon foot-
print of products across the value chain and for
construction projects. Use of EPD's simplify the
application of green criteria in public and private
procurements as well as serve as the backbone
for green building certification agencies.

by civil society like Concrete Zero'®. The need to
create lead markets for decarbonised industrial
products is a top priority for Europe now, and it
clearly follows a path and the need to retain com-
petitiveness in the decarbonised industrial eco-
nomy of the future.



This is also reflected in programmes like the big buyer's working together™® of the European commis-
sion, dedicated to increasing green public procurement. The announced revision of the Public Procu-
rement Directive and the effort to fasten private procurement in the upcoming Industrial Accelerator
Act are all aimed at creating lead markets and decarbonisation.

The following analysis provides insight into current efforts along the construction value chain and
highlights gaps that need to be addressed to accelerate the transition. The analysis only includes
five large cement producers and five large infrastructure companies, forming the second link in the
fragmented and SME dominated value chain. With over 18 million direct jobs, nearly 9 % of the EU
GDP and almost 95% of the enterprises being SMEs'’, the stakeholders must collaborate to drive
faster decarbonisation, as they have the means and strategic as well as fiduciary interests to stay
competitively ahead.

4.2.1 Methodology and sources

The list of cement companies is primarily derived from the Global database of cement production
assets and upstream suppliers, published in 2023 by the Centre for Greening Finance and Invest-
ment at the University of Oxford™®. The database provides the ownership of plants and their parent
companies along with the total cement production capacity (millions of tons). The list of infrastruc-
ture companies is derived from the CE 100 ranking conducted by KHL group LLP, published in their
Construction Europe magazine and portal'® published in fall 2024 providing a list of top 100 Europe
headquartered companies by annual financial turnover.

The analysis covers the following companies:

Total cement Annual
Cement production capa- Infrastructure turnover | Rankin CE
producers city in Europe company in million | 100 list
(million tonnes) euro
Heidelberg Materials AG 78.6 Eiffage S.A. 22028 4
Holcim Ltd 75.96 STRABAG SE 17396 5
CRH public limited company |41.85 Acciona, S.A. 16761 6
Buzzi S.p.A. 25.71 Webuild S.p.A. 9148 9
CEMEX, S.A.B. de C.V. 21.7 Royal BAM Group nv | 6174 17

The five cement companies chosen are the largest producers of cement in Europe, operate produc-
tion facilities in most EU member states (except NL, MT, LT, LV, DK and PT) and cover almost 60% the
production capacity in the EU 27. The infrastructure companies were chosen with consideration to
operational presence in the country of the largest cement producers, geographic distribution across
the EU while Royal Bam group nv being simply chosen as an example with an EU member state with
progressive decarbonisation, green public procurement and circularity policies while not having Port-
land clinker production.
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4.2.2 Analysis

We measured the progress of transition pathways
based on the following efforts and measures:

1. On the presence of transition/ decarbonisation
roadmaps for 2030 and 2050 and whether all

scopes of emissions are covered in these plans 2.

and if they have been submitted to the Science
Based Targets initiative (SBTi).

2. On efforts towards reduction of carbon emis-
sions from cement/ concrete:

a. The blending of SCMs in the cement or
recycled aggregates in concrete and
whether there have been use of low-car-
bon alternative binders or concretes
that have been developed using such
binders.

b. Efforts towards circularity in their opera-
tions with special attention to construc-
tion and demolition waste and if they
are valorised for use in low-carbon
concretes.

c. Existence of dedicated partnerships
with SCM producers or alternative
low-carbon binders and any evidence of
partnerships or supply or offtake agree-
ments with those producers.

d. Efforts towards reduction of emissions
from scope 3 upstream’?, covering raw
materials suppliers as a proof of effort
towards engaging in the decarbonisa-
tion efforts in the value chain.

3. On energy efficiency, electrification and use of
renewable energy:

a. Existence of immediate efforts like ener-
gy efficiency or electrification of cement
production and ancillary activities.

b. Existence of partnerships with re-
newable electricity providers or power
purchase agreements with them.

4., Efforts towards carbon capture and storage or
other carbon removals (except re-carbonation
of concrete) for a comparison towards efforts
on other decarbonisation levers.

4.2.3 Findings

1. Presence of transition/ decarbonisation
roadmaps for 2030 and 2050 and whether
all scopes of emissions are covered in these
plans and if they have been submitted to the
Science based Targets initiative. All companies
analysed have a 2030 target while 2 of them
haven't declared a 2050 target for decarboni-

sation yet. All except one company have in-
cluded scope 3 emissions in their targets. This
is quite an important factor for the infrastruc-
ture companies, as their scope 1 and scope 2
emissions are usually smaller than their scope
3 emissions.*

On efforts towards reduction of car-
bon emissions from cement/ concrete:
In their pathway to decarbonisation, we expect
many cement producers and infrastructure
companies to adopt lower carbon cements and
concretes while keeping R&D efforts in develo-
ping low-carbon alternatives to Portland clinker
and producing novel cements and concretes.
Whilethe EuropeanstandardsEN197-1,EN 197-
58T and EN 197-6'%2 allow a variety of SCM’s to
be used in Portland cements, it does not allow
products which have a different share of Port-
land clinker (a different recipe) or new SCM's to
be used (see also section 3.1). Consequently,
these alternative cements/ binders are ought
to affix the “CE mark” via the European techni-
cal assessment (ETA) route, by applying to the
European Organisation for Technical Assess-
ment (EOTA) to receive a European Assessment
Document (EAD) which lists the characteristics
and assesses the performance of the alterna-
tive binder. An ETA is received for a specific
product based on the EAD. Under the revised
CPR (2024/3110), a CE marking is permitted
only after the EAD has been published in the
OJEU. While it's common knowledge that these
EAD approvals take years to get, the outcome
is still imperfect. This because while EN 197-1
covers cements that can be used in concrete
without additional testing or verification re-
quirements, European concrete standards
and its national annexes impose more restric-
tions on how these cements may be used in
practice.

a. The use of supplementary cementitious
materials in the cement or concrete
used and whether there are alternative
low-carbon binders or low-carbon ce-
ments or concretes using such binders
or cements that have been developed.

All the cement producers analysed produce
low-carbon cements and 4 of the 5 infrastruc-
ture companies also produce their own
concrete and have a permanent production
facility.

Among the cements and concretes used, we
found very little low-carbon SCM'’s being used
in their cements or concretes. Most of the
SCM's used are the non-renewable granulated
blast furnace slag from steel and fly ash from



coal while natural pozzolanas (including li-
mestone), calcined clay, silica fumes are also
widely used. However, few SCM's like recycled
concrete fines (approved in EN 197-6), recy-
cled mineral wool and reclaimed ashes (Hol-
cim)were used in limited cases, as they are not
harmonised.

We also checked these companies for their
commitments towards reducing Portland clin-
ker in their cements or concretes. The five ce-
ment companies had already listed their spe-
cific goal of reducing GHG emissions per tonne
of cementitious materials with Heidelberg
adopting the least GHG emissions intensity
at 400kg/t of cementitious materials by 2030.
Holcim had a target of 440 kg/t, while CRH
reports a 33% gross intensity reduction from
2021. All others had a target equal to or slight-
ly lower than 500 kg/ t of cementitious mate-
rials. Clearly, the declared targets for GHG in-
tensity are incompatible with the 2030 target
needed for a 1.5°C compatible pathway, which
is at 270-360 kg CO,, /t'® of cement. This was
also compared against the efforts towards de-
velopment and deployment of LCBs, which we
find only one company taking the effort to do
develop cements which replace Portland clin-
ker or produce no CO, emissions (Mevocem
from Material Evolution, piloted by CRH in the
UK). A notable mention is the 100% recycled
clinker cement from Holcim used in the Recy-
génie project in Genneuvilliers, France.

In comparison, four of the five infrastruc-
ture companies had pilot projects or trials of
low-carbon concretes. However, only one of
them, Eiffage, had used a LCB (no Portland
clinker) based concrete during a 3 -year of-
ftake agreement with Hoffmann Green Ce-
ment Technologies. Acciona is the only other
company to have engaged with LCB based
concretes as a part of a Horizon 2020'%* pro-
gramme funded by the EU albeit not commer-
cially deployed.

Alternative approvals of cements outside the
EN 197 series:

Of the applications under the ETA route for ce-
ment approvals, we find it normal for cement
companies to apply for novel cements and
binders compared to infrastructure compa-
nies. In reality, we can expect an infrastructure
company to have a partnership with a cement
producer to develop LCBs or novel Portland
cement recipes and concretes rather than ap-
plying for an EAD approval directly as it's not
their domain expertise.

Of the 41 ETA route approvals' that have
been provided for cements, 4 of the 5 cement
producers covered in this analysis have re-
ceived approvals for 14 novel cements so far
and all of them have received approvals for
non-Portland clinker cements. However, 3 of
the cements can be considered as high-carbon
alternative binders and are rather special ce-
ments with specific properties (fast curing, low
alkali content, etc). Only one cement producer
received approval for an alternative low-car-
bon binder (Solidia from Holcim), which offer
some GHG emissions reduction as compared
to CEM 1 Portland clinker cement.

There were only 2 cements that were among
the 41 ETA route approvals which has over 60-
70% carbon reduction- Ecocem act and Eco-
cem ultra, from Ecocem, a low-carbon cement
company.

2 out of the 5 infrastructure companies haven't
piloted or used any low-carbon alternative
clinker cements/ concretes at all, and we can't
find evidence on their plans to replace clinker
completely. This includes the existence of any
partnerships, offtake or purchase agreements
between the infrastructure companies and
SCM or low-carbon cement/ concrete produ-
cers.

b. Efforts towards circularity in their opera-
tions with special attention to construc-
tion and demolition waste and if they are
valorised towards low-carbon products.

Construction and demolition waste (CDW) can
be utilised in three distinct ways: reused to
produce aggregates and fillers for concrete;
reused as recycled concrete fines as an SCM in
cement/ concrete or reused as clinker recove-
red from the uncarbonated cement content in
CDW, which can be used to reduce the share
of Portland clinker. The use of CDW as aggre-
gates or fillers are most common compared to
its other options but are technically feasible.
Some companies have even commercially
launched products (Holcim's Susteno cement
and Heidelberg'®® 1¢7),

Among the 5 cement companies, all of them
have published efforts towards managing
CDW by investing into collection, recycling sys-
tems and research.

Likewise, all except one of the infrastructure
companies have taken the recovery and re-
cycling of CDW more seriously with invest-
ments in new processing centres for CDW and



participating in circular projects'® %° using
concretes with CDW aggregates. However, it's
also evident that the infrastructure companies
have not ventured beyond the use of CDW as
aggregates and fillers rather than the more
carbon rewarding approach of recovering ce-
ment paste or using treated recycled concrete
fines as SCM’s. Webuild has declared no mea-
surable circularity targets for 2024 and is the
only company to have not taken efforts on
using concretes with CDW.

c. Existence of dedicated partnerships
with SCM producers or alternative
low-carbon binders and any evidence of
partnerships or supply or offtake agree-
ments with those producers.

On the existence of a future commitment to
purchase alternative low-carbon binders (in-
cluding LCBs) we were looking for evidence of
offtake agreements, purchase commitments
for cements or concretes for such binders by
infrastructure companies; and any dedicated
agreements with SCM producers and alterna-
tive low-carbon binders including LCBs by ce-
ment companies. We also included any publi-
cly announced investments (or acquisitions) in
these alternate cement manufacturers.

One cement company and two infrastructure
companies don't have any evidence of agree-
ments or investments supporting any low-car-
bon cements or concretes based on those
cements. However, three cement companies
have had some partnership with LCB produ-
cers.

CRH, with its innovation fund CRH ventures,
has partnerships with alternative low-carbon
cement producers and SCM producers. The
partnerships include Material Evolution'®,
a UK based company piloting Mevocem, an
alkali based LCB; with Sublime Systems'", a
non-Portland cementitious binder producer
(not classified as LCB) and acquired'”? Eco Ma-
terial Technologies, a major SCM supplier in
the USA for fly ash.

Holcim also has an innovation funding arm,
Holcim MAQER ventures'”?, and has invested
both in Sublime systems as well as Salt X (elec-
tric arc calciner) in Sweden. CEMEX ventures'’4,
launched in 2017 also has invested in Terra
CO2, a USA based company which produces a
cement -Opus Zero (LCB) and is in full concrete
trials now. CEMEX has also invested in Synhe-
lion (Switzerland), a solar synthetic fuel pro-
ducer, to collaborate and produce Portland
cement using solar thermal heating replacing
fuel related emissions from the production of
Portland cement. This was demonstrated in

Spain.

Eiffage had signed a cement supply contract
for 3 years'® with Hoffmann Green Cement
Technologies, the company which produces
H-UKR, a zero-clinker cement (classified as
an LCB), commercialised in 2021. Heidelberg
has been investing in their own facilities for
low-carbon cements but has also investments
in CDW based SCM's with Envicore'®, in Cana-
da.

Perhaps the best example of such collabora-
tive partnerships between cement producers
and infrastructure companies could be the
development of an ultra-low-carbon concrete,
Exegy Ultra by VINCI construction and Ecocem
based on Ecocem ultra (LCB), a collaboration
lasting over 15 years'”’. The concrete has been
successfully used in segments of the Grand
Paris Express'”® metro and the Olympics vil-
lage'”® for the Paris 2024 Olympics.

d. Efforts towards reduction of emissions
from scope 3 upstream, covering raw
materials suppliers as a proof of effort
towards engaging in the decarbonisa-
tion efforts in the value chain.

Apart from any direct initiatives studied ear-
lier, it's important to acknowledge the role of
collaboration in catalysing decarbonisations
efforts across the value chain. To make mea-
ningful progress to reduce scope 3 emissions
(upstream), it's vital for any company to engage
with suppliers about low-carbon products. As
a first step this must be reflected in the sup-
plier code of conduct or supplier engagement
policies of the company. It's obvious to state
and yet: A scope 3 emissions of a company
are essentially scope 2 emissions of many
upstream companies.

For our case, we also explored the existence of
partnerships between low-carbon raw mate-
rial providers and off take or purchase agree-
ments between infrastructure companies and
low-carbon cement producers.

Six out of the ten companies in our list did
not have a supplier engagement policy cove-
ring high emission raw materials like cement
or steel, finetuned to influence the procure-
ment of low-carbon cement/ concrete. One
infrastructure company (BAM group) had an
ambitious ask- of having their tier -1 suppliers
to have an SBTi target but this fell short of spe-
cific requirements for procuring low-carbon
materials.

Three companies (two cement producers and
an infrastructure company) had policies that



included parameters which can distinguish
low-carbon raw materials like environmental
productdeclarations (EPD's) or life cycle assess-
ments (LCA) of their products. One infrastruc-
ture company adopted specific requirements
for low-carbon steel but set the threshold for
cement based on the EU taxonomy bench-
marks for cement', which unfortunately can't
be considered aligned to a 1.5-degree pathway
(based on the EU ETS benchmarks). Of those
who considered LCA's or EPD’s from their sup-
pliers, the requirements were unfortunately
restricted only to GHG emissions. Of the five
infrastructure companies, we can consider
four did not have a supplier engagement po-
licy that is finetuned to influence the procure-
ment of low-carbon cement/ concrete.

. Existence of immediate efforts like energy effi-

ciency or electrification of cement production
and ancillary activities and the existence of
partnerships with renewable electricity pro-
viders or power purchase agreements with
them.

As almost all companies listed targets for their
scope 2 emissions, efforts in energy efficiency
and purchase of renewables were one of the
common measures to reduce scope 2 emis-
sions. For our case, we were looking for evi-
dence of more investments into waste heat
recovery, advancements in electrification of
rotary kilns or power purchase agreements
(PPA) with renewable electricity providers, as
an indication of the company’s commitments
to long term investments towards greening
the power grid. Of the 5 cement producers,
Holcim and Heidelberg had evidence of re-
search on electrification of Portland clinker
production while some of the cement produ-
cers were also advancing on waste heat reco-
very systems. Heidelberg is a partner in the EU
Horizon funded ELECTRA project'® with active
research on plasma techniques in their Slite
cement production facility. Holcim with its in-
vestment in SaltX's electric arc calciner'®? (plas-
ma technique) is aiming to establish world's
first all-electric cement production. Buzzi's has
recently commissioned'? an ORC based waste
heat recovery system in their Geseke plant (Dy-
ckerhoff) recovering previously unused waste
heat from clinker coolers. However, Holcim is
the largest among the cement producers to
have invested into waste heat recovery(WHR)
systems globally while CEMEX is also actively
expanding on WHR™4 across its global ope-
rations. PPA's for renewable energy(RE) were
used by all except one cement producer. Most
of the infrastructure companies had efforts to
increase their overall RE share.

. Efforts towards carbon capture and storage or
other carbon removals (except re-carbonation

of concrete) for a comparison towards efforts
on other decarbonisation levers.

Cement production is one of the few industrial
sectors where existing production techniques
need to transform completely to achieve the
net zero goals for 2050. As stated earlier (sec-
tion 2.4), The cement sector is characterised
by an important amount of process CO, emis-
sions due to Portland clinker production, the
key constituent of cement. While carbon cap-
ture and storage solutions are marked by a
prolonged incubation period of over 20 years
to achieve a viable TRL score, its often also
seen as a reason for early investments into
CCS or CCU technologies.

Of the 5 cement companies, only CEMEX, CRH
PLC and Holcim have invested or piloted LCBs.
None have developed an LCB yet, and none
have applied for an LCB under the ETA route,
in comparison to their efforts on carbon cap-
ture systems.

This can also be seen as lack of evidence of
collaboration in the sector with all cement pro-
duction companies investing in pilots and ad-
vanced trials for CCS/U in their plants while 4 of
the 5 infrastructure companies have no mea-
sures on CCS. Eiffage is the only infrastructure
company to have done a pilot in their Haut
Lieu lime plant’® and an acquisition of HSM
offshore Energy'®, an integrated engineering
company specialising in offshore projects in
The Netherlands.

4.2.4 Conclusions

Overall, based on the limited sample size of the
assessment, we can conclude broadly,

1. While most of the companies have a transition
plan, with all scopes covered, many of them fo-
cus on scope 1 and 2 emissions (operational
emissions and purchased energy). This narrow
focus affects the drive to decarbonise the en-
tire value chain.

2. Most of the cement producers covered in this
assessment have not ventured beyond the use
of SCM’s and recipes listed in the EN 197-1, EN
197-5 and EN 197-6 standards. While novel
cement approval sought via the ETA route is
not uncommon, none of the cement compa-
niesahve applied for an approval for an LCB.
In comparison among the 5 infrastructure
companies, only 2 had pilot projects or trials
of concretes using alternatives to Portland clin-
ker.

3. CDW is considered as a resource by varying
extent by the two largest stakeholders in the
value chain. Cement companies are develo-



ping advanced recycling with CDW to produce
Portland clinker alternatives while infrastruc-
ture companies have mostly used CDW as ag-
gregates in their concrete. Both stakeholders
consider the reduction and valorisation of CDW
as an important measure towards circularity.

4. Evidence of offtake agreements or purchase
commitments for low-carbon product procu-
rement are low, with only one notable effort
among infrastructure stakeholders by develo-
ping alternatives to Portland clinker concretes
in collaboration with new low-carbon cement
companies.

5. Supplier engagement is low and is a key factor
for accelerating decarbonisation across the va-
lue chain. Six out of the ten companies in our
list did not have a supplier engagement poli-
cy covering high emission raw materials like
cement or steel as they are not finetuned to
influence the procurement of low-carbon ce-
ment/ concrete.

Taken together, these findings reveal a value
chain where transition plans have not trans-
lated into action. Cement producers have
not ventured beyond EN 197-1 compliant re-
cipes, infrastructure companies show limited
evidence of offtake commitments or supplier
engagement for low-carbon alternatives, and
CDW valorisation remains largely limited to
aggregate use rather than clinker substitution.
The drive to decarbonise the entire value chain
remains insufficient.

4.3 Lead markets via public procurement

Public procurement covers over 14% of the EU
GDP and holds a crucial role in decarbonising key
industries. Inthe EU, over 25% of the construction
sector emissions are covered by public procure-
ment'®. With 36% of steel and 50% of cement/
concrete emissions coming from the construc-
tion sector, it's clear that public procurement has
a vast potential to finance and drive the decarbo-
nisation in steel and cement industries.

The public procurement directive is being re-
viewed now'®, and the second consultation was
completed in January 2026. The Commission is
in the process of extensive consultations with all
stakeholders, and a proposal is expected mid or
late 2026.

While the existing directive (2014/24/EU) encou-
rages contracting authorities to award the most
economically advantageous tender using a price
or a cost effectiveness approach, such as life cy-
cle costs or a price -quality ratio which should in-
clude environmental and social criteria, it's clear

that despite this possibility, green public procure-
ment is not common practice yet'®.

Green public procurement should become the
norm rather than a special procurement proce-
dure as it is now. The major barriers- lack of
targets or climate neutral goals, voluntary and
hence low application of environmental and so-
cial criteria in awarding tenders, poor monitoring
and tracking systems to measure GPP impact
and extensive capacity building and training pro-
grammes must be addressed in the review pro-
cess'®.

While a complete transition to green public pro-
curement helps the EU in reaching its climate,
environmental and social goals, it can and should
also be used to direct targeted procurement
towards low-carbon products from GHG emis-
sion intensive industrial sectors, creating lead
markets and providing incentives for the early
adopters of low-carbon cement and concrete.
This is where the lack of harmonised standards
hurt, and the EN 197-1 standard being the only
one formally recognised as a harmonised stan-
dard while the recently published EN 197-5 fol-
lows an old mandate and is technically not yet
harmonised'".

As discussed earlier (section 4.2), the EN 197-1
standard restricts the harmonised cements to
follow a few recipes of Portland clinker and se-
lected SCM'’s and does not allow products which
have a different share of Portland clinker (a diffe-
rent recipe) or new SCM’'s or an alternative to
Portland clinker to be used. Even though a “CE"
label is available for the low-carbon cements ap-
proved for safety and performance under the
ETA route and have received a European techni-
cal assessment (ETA), it's specific to the product
and valid only for the holder of the assessment.
This makes contracting authorities having to use
the technical specifications of the product (from
the ETA) along with an option for “equivalent”
specifications, to avoid being considered discri-
minatory'®2.

Since construction products are hardly bought
directly by contracting authorities, the compli-
cation to introduce a technical specification with
“equivalence” in an infrastructure project tender,
participated by infrastructure or EPC' compa-
nies (who are not cement producers), makes it
almost rare for LCB's entering normal public pro-
curement procedures. Although there are many
case studies across the EU for the use of low and
ultra-low-carbon cements and concretes, very
few are driven by standards, and most are driven
by national or regional GPP programmes, or by
national reduction targets for GHG emissions
assigned to procurement departments while the



ultimate decision and associated legal risks falls
on the contracting authority.

While authorities can wait for the ESPR and CPR
to provide classes of performance for cement
and/or concrete™4, , it is important to highlight
that today the MEAT (Most economically advan-
tageous tender) principle is already mandatory'
for authorities to follow. However, further impro-
vements to the framework should be made to
the framework to make it mandatory to include
non-price considerations in MEAT to better pro-
mote procurement contracts of products, works
or services with a high environmental impact and
are of high value and longer duration-term procu-
rements. GHG emissions are a priority, but other
environmental impacts like pollution (SO,, dust,
VOC and NO,) should be included as parameters
to identify the most economically advantageous
tender. Alife cycle assessment (LCA)™¢, following
the ISO 14040 and 14044 standards, is an analy-
sis of all environmental impacts from raw mate-
rials production to final disposal. It can be used
directly or be used to arrive at shadow prices for
various pollutants including GHG emissions.

Shadow price approaches (used by Germany and
The Netherlands) for every pollutant and the use
of Value of Statistical Life method to derive esti-
mated health costs of pollutants can be a simpler
solution to promote lead markets in prioritised
procurement sectors (using CPV codes) as com-
pared to a full LCA for every product in the tender
or a detailed project level LCA. An LCA covering
the full scope of environmental impacts from
production to end of life (Module D) can also help
in identifying circular products and promote its
use. With specific pollutants to track, contracting
authorities can directly include the requirements
to disclose the specific pollution impacts of the
products, works or services in the prior infor-
mation notices, and evaluate the tenders using
monetised costs. However, standardised metho-
dologies for life cycle assessment and life cycle
costing are necessary to measure environmen-
tal impacts for circular products to enable circu-
lar procurement. The shadow price for carbon
should be set at 200-330 €/t COZeq (IPCC aligned
for 1.5 °C pathway) and the results from LCA (or
EPD’'s) can then be used in best price to quality
ratio or life cycle costing methodologies to iden-
tify and award a tender considered to be MEAT.

The construction sector has a high share of waste
in the EU (section 3.7). Circularity in construction
may very well be one of the routes to achieve net
zero in construction industry. Apart from circular
cements'” or low-carbon concretes made from
CDW, a lot of potential exists for the reuse of
structural and load bearing steel elements, hol-
low and open sections, trusses and sheet piles

from existing buildings and infrastructure which
are marked for demolition or renovation. Like
cement products, harmonised standards for re-
claimed structural steel components that have
been altered cannot have a “CE" marking since
they are not harmonised under the CPR. Even
concrete, a product which has a direct applica-
tion in construction and for which procurement
criteria could be easily set, also does not have
harmonised standards at present. For example,
while many member states have defined mini-
mum re-use, recycling and recovery rates for
CDW as a part of their public procurement requi-
rements, some member states recommend re-
cycling practices based on other documentation
like demolition plans. This lack of coordination
creates uncertainty for suppliers in the intra EU
cross border market including procurement.

Circular procurement procedures, including ra-
pid circular contracting'®, should be encouraged
and should be incorporated along with existing
legal procedures like dynamic purchasing sys-
tems (Article 34), Framework agreements (Ar-
ticle 33) and competitive procedures with nego-
tiations (Article 29) and innovation partnership
(Article 31) and joint procurements in the Public
Procurement Directive.

Concrete GHG thresholds and whole life carbon
limits(WLC) for buildings that can drive low-car-
bon binders:

While it's possible to set a range of CO, emissions
per tonne of cements/low-carbon binders that
can be applied to concrete and floor area of buil-
dings, doing so does not translate directly into
concrete or building level outcomes. A product
specific benchmark at a clinker level or cement
offers limited flexibility for the construction sec-
tor compared to a performance limits set at the
concrete level (kg. CO,/ m3) or building area (kg.
CO,/ m3).

By contrast, concrete or building area-based tar-
gets enable the levers for decarbonisation from
building less, building circular and increasing ma-
terial efficiency by optimising structural design.

As referred earlier in section 3.9, the whole life
carbon limits for building area are best applied
as twin benchmarks, separated by embodied car-
bon and the operational energy use of the buil-
dings, usually referenced over 50-year periods.

A limit of 135 kg. COZeq/m3199 (cradle to gate) for
structural concrete of strength class C30/37 un-
der typical exposure (XC) conditions can be taken
as an indicative target for this purpose. It reflects
an ambitious and technically achievable limit
from materials consistent with net zero goals in



20502%, This reduction is possible through the
following stacked levers : reduction of Portland
cement content in concrete and a corresponding
increase in SCM’s, sourcing of lower carbon SCMs,
and reduced electricity related carbon emissions,
However, the first lever is constrained by the re-
cipe based EN 206 standard for concrete which
accepts only recipe based cements from the EN
197-1 cement standard.

To arrive at an equivalence in WLC thresholds in-
volves assumptions about the carbon emissions
from reinforcement steel used?' and other mate-
rial contributions to the overall carbon footprint
involved in one square meter of building area. If
the indicative concrete GHG emissions at 135 kg
CO,, /m3 are used, the total embodied emissions
covered in the WLC limit values can be arrived
at around 225 kg CO, . /m?. We recommend, this
as an indicative limit for all embodied emissions
covered in the WLC limit values derived from a
lifecycle analysis using EN 15978 standard. To
arrive at an equivalence in WLC thresholds in-
volves assumptions about the carbon emissions
from reinforcement steel used and other mate-
rial contributions to the overall carbon footprint
involved in one square meter of building area. If
the indicative concrete GHG emissions at 135 kg
CO,, /m3 are used, the total embodied emissions
covered in the WLC limit values can be arrived
at around 225 kg CO, . /m?. We recommend, this
as an indicative limit for all embodied emissions
covered in the WLC limit values derived from a
lifecycle analysis using EN 15978 standard.

4.4 Lead markets via private procurement

While Public procurement remains as a versatile
tool in the policy maker's toolbox for creating
lead markets, it's also necessary to ensure that
industrial production techniques are upgraded
to match the pace needed for decarbonisation.
Lead markets can be created via corporate pro-
curement as well. In the EU, the process of set-
ting performance requirements for all construc-
tion products and production installations are
through regulations like the ESPR, CPR and the
IED. While policy measures on changing the in-
dustrial production techniques are underway,
economic operators should proactively take
measures to engage, encourage and support in
decarbonising their supply chain.

Supply chain engagement is necessary for suc-
cessful decarbonisation of any industrial value
chain since scope 3 emissions, are usually?®
larger than direct emissions. According to SB-
Ti's guidance for supplier engagement, scope 3
emissions should be included in the targets of
a company, if they are above 40% of total GHG

emissions and the targets set for scope 3 must
cover a minimum of 67% of Scope 3 emissions.
An ideal supplier engagement policy should prio-
ritize stakeholders according to the GHG emis-
sion intensity of the purchased products and ser-
vices. However, as seen earlier in the assessment
in section 4.2, 4 of the 5 largest infrastructure
companies don't have a supplier engagement po-
licy that can target high emission raw materials,
while all of them had a scope 3 target.

LCAs or EPD’s, which are widely used in the
construction sector in Europe should cover all en-
vironmental impacts (cradle to grave), compared
to the narrow scope 2 emissions (cradle to gate)
that are usually covered. This greatly improves
the ability to distinguish the full scope of emis-
sions involved and makes it easier for shadow
pricing methods to be used for an environmen-
tally friendly product.

Construction, Infrastructure and structural en-
gineering companies, who are the second lar-
gest stakeholders in the construction value
chain and primary users of cement products,
should progressively move their supply/pur-
chase agreements to ultra-low-carbon cement
and SCM producers. They should also move to
ultra-low-carbon cements approved by the ETA
route for use in their concretes. This is an impor-
tant step, since the low-carbon cements in the
market, largely compliant with EN-197-1 stan-
dards, may be unavoidable in public procure-
ment contracts but can be used without any legal
barriers in corporate procurement. The existence
of ETA certified ultra-low-carbon cements de-
monstrate two important things: the cement is
economically feasible and structurally safe, and
the effort by the holders of the ETA indicate the
existence of a market demand for their product.
These ETA route approvals are a precursor to the
eventual inclusion of such cements in harmo-
nised standards.

Building certification schemes also play an indi-
rect role in creating lead markets for the cement
industry. The most common building certification
schemes used in Europe are: BREEAM?%, DGNB,
HQE, Minergie (Switzerland), Verde and LEED
apart from the LEVEL(S) framework for building
certification produced by the Commission. All
the schemes are voluntary and are widely used
by the construction sector. Most of these sche-
mes are based on a whole life carbon methodo-
logy covering all embodied emissions which will
indirectly reward the use of low-carbon cements/
concretes which can help improve the overall
green score of the building projects. Infrastruc-
ture companies should aim for a larger share of
their project under the highest certification levels



in their schemes, which can be attainable if low
or ultra-low-carbon cements can be utilised.

National building codes have been successful
in increasing the low-carbon building stock by
setting minimum environmental performance
thresholds for new construction and increasingly
incorporating whole-life carbon requirements.

The indicative thresholds listed for public pro-
curement (section 4.3) whether expressed per
m3 of concrete, per m2 of floor area, or as em-
bodied carbon limits within whole-life carbon
benchmarks — can equally serve as voluntary
reference points for private procurement actors,
who can adopt them ahead of any binding regu-




Summary of EU policy recommendations

The below policy recommendations are a non-exhaustive list of impactful actions and levers for sup-
porting the transformation of the construction value chain at EU policy level, focused on cement
decarbonisation. Focus is made on policy opportunities that are either overdue or actionable within
a max 5-year timeframe to deliver impact (see EU policy avenue).

5.1 Sufficiency, circularity and material efficiency measures

Circularity strategies, including sufficiency, material efficiency and product/material lifespan expan-
sion, should be the first priority for decarbonising the use of cement and concrete in buildings and
infrastructure.

Reducing demand for new construction

* Prioritising the higher utilisation, renovation or adaptation of existing buildings in reducing demand
for new construction over the decision to construct, including measures to efficiently use existing
spaces, assess the feasibility of using existing floor area through regional building stock analyses and
extend the lifetimes of building using renovations and retrofitting.

Policy avenue: European Affordable Housing Plan, Energy Performance of Buildings Directive, implementa-
tion via National Building Renovation Plans, Public Procurement Directives.

Reducing demand for cement and concrete

* Full or partial replacement of concrete in individual buildings and structures by alternative low-emis-
sion materials, such as timber and other bio-based materials, where such materials are available
from sustainable sources.

+ Reduction in the amount of concrete used in buildings and concrete structures through digitalisa-
tion, waste prevention and materially efficient structural design and material specifications.

+ Reduction of the cement-to-concrete ratio in concrete (in production and end-use applications)

Policy avenue: Energy Performance of Buildings Directive. Implementation via national GWP limits for
new construction. Revision of harmonised standards under the Construction Products Regulation.

Lifetime expansion (extending end-of-life value for materials)

« Extended producer responsibility for construction products, green taxation measures to bring price
parity among secondary and primary materials.

« Swift adoption of separate reuse and recycling targets for CDW, as required under Article 11(6) of
the WFD.

* Binding measures such as mandatory deconstruction planning supported by pre demolition audits,
at source separation of materials and appropriate verification and enforcement mechanisms;

+ Development of minimum requirements for reused, refurbished, repaired and recycled products for
public procurement in the EU, starting with industrial sectors with high environmental impact.

Policy avenue: The proposed Circular Economy Act, Waste Framework Directive (WFD) review (Article 11(6)
and implementation. Public Procurement Directives, CPR - Minimum GPP criteria for construction products
and the EU Taxonomy regulation- Environmental Delegated Act.



5.2 Moving to performance based and zero pollution ambition-oriented standards.

Cement and concrete standards

* The recipe-based standardisation approach, setting out prescriptive Portland clinker content, should
move towards performance-based standards which satisfy essential technical functions as well as
high level of environmental and human health protection and climate neutrality ambition as its core
criteria.

* The Commission should speed up the standardisation request to CEN/TC 51 to harmonise Alkali
activated cements (scheduled for Q4 2027).

* Follow this up with a standardisation request for the harmonisation of EN 206 to CEN/TC 104 under
a performance-based approach, which legally supports the inclusion of low-carbon binders into
concrete and secure sufficient resources to the drafting process.

+ Balance the composition of standardisation bodies / EU BREF expert groups in terms of interest
groups represented, with the aim of promoting innovation towards future proof best practice ins-
tead of protecting the status quo of industry incumbents (laggards).

Policy avenue: The Construction Products Regulation and EU standardisation bodies, notably CEN/TC 51
for EN 197-1, EN 197-5, EN 197-6 and CEN /TC 104 for EN 206. Industrial Emissions Directive (IED) — BREF
guidance rules.

e Recognition and regulation of low environmental impact production techniques [

* A swift review of the outdated Cement, Lime and Magnesium dioxide (CLM) BREF, fostering a transi-
tioning away from Portland clinker-based / high polluting processes.

+ Conclusions on Best Available Techniques (BAT) shall support alternative production techniques
for low-carbon binders that don’t generate process CO, emissions and minimise other environ-
mental impacts to prove climate proof production methods. This requires a shift towards an outco-
me-oriented approach in BAT determination, setting the best ratio of no/lowest pollution impacts
per tonne of cement material produced.

* Current outdated BAT-AE(P)Ls must be tightened e.g. daily averaged dust levels <5mg/Nm?3, NO_
emissions <200 mg/Nm3 and mercury levels <10ug/Nm3 to promote technologies with less emissions
intensity. Ambitious GHG BAT-AELs shall be set, which may be complied through the use of CCS or
alternative low-carbon binders.

+ CCS shall be clearly the last resort option as a transitional “last resort Available Technique”, due to its
negative cross media effects and questionable cost-effectiveness ratings, unless applied to mitigate
residual emissions that cannot be addressed though changes in chemical pathways or the use of
circular and low-carbon feedstocks. Minimal capture rates (>95%) and safe and permanent storage
requirements shall be integral part of the revised BAT ambition.

Policy avenue: Industrial Emissions Directive (IED) — CLM BREF review process.

More information in this report: Section 3.2, Section 2.4, CCS Reality Check: Risks and Priorities-European Envi-
ronmental Bureau (2025), Fast-tracking cement decarbonisation: From underperforming to performance-based
standards-. Alliance for Low-Carbon Cement and Concrete (2023).



5.3 Support for scaling up: procurement led lead markets.

The EU policy toolbox aimed at scaling up, lead markets or fostering uptake of the shift towards
displacement of high concrete use by (more) sustainable concrete alternatives can be supported
through various ways. Various stakeholders do have a role to play in the value chain, from producers,
to big users (private/public) to procurement authorities (public or private).

Public procurement

* Public procurement must become fully climate neutral by 2045, and it should be based on roadmaps
established by Member States. At the very least, this should be implemented for procurement of
products, works and services covering GHG intensive industrial products with the goal to create lead
markets.

« Environmental and socially responsible procurement criteria must be mandatory in all procure-
ment contracts to prevent the practice of lowest price-based procurement. Only products with the
highest-rated sustainability and performance requirements, as defined in relevant sectoral / product
legislations may be awarded for procurement.

Policy avenue: Public Procurement Directives.

Concrete lead markets

* Procurement contracts must be awarded to products, works or services with the lowest environmen-
tal impact. Contracting authorities should support ETA route certified low-carbon binders by adop-
ting ambitious criteria.

* An indicative reference for encouraging low-carbon binders can be set based on 135 kg. CO,_ /m?
(cradle to gate) for C30/37 for concrete, to encourage lead markets for low-carbon binder-based
concretes in public procurement tenders. An equivalent WLC limit for all embodied carbon in buil-
ding floor area, 225 kg CO,_ / m2 (over a 50-year reference period), can be used as a basis for set-
ting WLC limits in limits in the national building renovation plans under the EPBD as well as criteria
for buildings in public procurement contracts.

« Taxonomy regulation (2020/852): The Technical Screening Criteria (TSC) for substantial contribution
to climate mitigation for the manufacture of cements must be updated to provide specific invest-
ment incentives for clinker-free low-carbon binders. The TSC criteria for all other infrastructure and
buildings should also add a minimum substantial contribution threshold for concrete to drive invest-
ments into low-carbon concrete in large infrastructure projects.

Policy avenue: Energy Performance of Buildings Directive, Public Procurement Directives and EU Taxonomy
regulation.

More information in this report: Section 3.5, 4.3 and European Environmental Bureau (2025), Green Public Pro-
curement: Recommendations for the EU Public Procurement Directive.

Private procurement

« Construction and Infrastructure companies should include targets for their contribution towards de-
carbonising the entire value chain. Targets for decarbonisation should include all emissions covering
raw material supply and production (scope 3 upstream) for 2030 and 2050, driving the lead markets
for low-carbon binders and concrete.

* Long term offtake agreements or purchase commitments for low-carbon products should be encou-
raged by the Construction and infrastructure companies.

Policy avenue: No specific EU policy.



Cement producers

« Cement producers opting for the CCS option should be covered by private funds or resources
generated through rigorous enforcement of the polluter-pays principle. The swift phase out of free
allocations under the EU ETS review should be maintained.

« Cement producers in the EU should lead the research on low and ultra-low-carbon cements by ap-
plying for ETA route certification for receiving a CE label, encouraging more infrastructure stakehol-
ders to use such products and accelerate the performance-based standards for low-carbon binders.

Policy avenue: EU ETS Directive revision (Directive (EU) 2023/959).

Specific to investors and insurance companies

* Investors and Insurance companies should provide financial support, guarantees and risk mana-
gement services to low-carbon binder production installations and infrastructure projects using
concretes based on such binders, if the binders are certified under the ETA route and have received
a ‘CE' marking.

5.4 Cross cutting policies: Tools for tracking progress in cement transformation and
pollution prevention

* Operators of IED installations should provide a functional web link to the Environmental Report of
the EMS (EMAS or ISO 14001) in a digital format so to enable data interoperability.

+ Allow comparability of permit conditions in force and integration of data related to inputs (e.g.
water, raw materials and energy consumption) as well as production data to allow benchmarking of
and comparability of performance at installation level.

+ Open source and centralised EPD database should allow comparability of environmental sustainabi-
lity performance at cement/concrete product level over its life cycle covering the essential environ-
mental characteristics. These should be available digitally and make EPDs interoperable between
databases and usable at a global scale.

* Monitoring and reporting frameworks for procurement contracts must be improved, with lower
thresholds and track progress on green public procurement.

Policy avenue: Industrial Emissions Portal Regulation and digital EPDs, Public Procurement Directive, Digital
Product Passport to be developed under the Construction Products Regulation. More information in this
report: Section 3.10.




Annexes

Table 1: Cement production installations and production capacity by country

in the EU
Cement production installations and production capacity by country in the EU, 2023
Country No of installations* | Capacity in Million tonnes share of EU capacity
Germany 41 76.15 19.6
Spain 31 60.49 15.6
France 25 58.66 15.1
Italy 40 53.31 13.7
Poland 95 23.10 5.9
Greece 6 15.80 4.1
Romania 7 14.15 3.6
Belgium 7 10.40 2.7
Portugal 6 9.62 2.5
Austria 8 9.40 24
Ireland 4 9.00 2.3
Czechia 6 7.90 2.0
Slovakia 1 1.50 1.7
Bulgaria 7 5.40 1.4
Hungary 3 5.40 1.4
Croatia 9 4.71 1.2
Sweden 3 3.10 0.8
Finland 2 3.00 0.8
Denmark 1 2.95 0.8
Cyprus 1 2.85 0.7
Latvia 1 1.60 0.4
Luxembourg 1 1.50 0.4
Slovenia 9 6.60 0.4
Lithuania 2 1.20 0.3
Estonia 1 0.75 0.2
*Production of Portland cement clinker in rotary kilns exceeding 500 tonnes
Source: Number of production installations: Industrial Reporting under the Industrial Emissions Directive
2010/75 and European Pollutant Release and Transfer Register Regulation (EC) No 166/2006 - ver. 14.0 Mar.
ﬁ?tzpi://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/21 e758c6-a%ac-4a7d-abda-
19d2ba%eech7
Production capacity:
https://datadryad.org/dataset/doi:10.5061/dryad.6t1g1jx4f Tkachenko, N., Tang, K., McCarten, M., Reece, S.,
Kampmann, D., Hickey, C., Bayaraa, M., Foster, P., Layman, C., Rossi, C., Scott, K., Yoken, D., Christiaen, C. and
Caldecott, B. (2023) Global database of cement production assets and upstream suppliers [Dataset]. Dryad.




Table 2: The 27 products in the family of common cements- EN 197-1 standards

Compositon (percentage by mass *)
Main constituents Minor
adatanal
constituents
Main Notation of the 27 products Chinker Blast- Sdica Pozzolana Fly ash Bumt Limestone
typos (types of common cement) furnace fume shale
siag natural | natural |siicecus | calca-
calcned recus
K 5 D® P Q v w T L LL
CEM| | Portland cement CEM | 85-100 - - - - - - - - - 05
Portland-siag CEM IVA-S 80-94 6-20 - - - - - - - i 05
cement CEMIB-S |6579 | 2135 - - - - - - - - 05
Portland-silica fume | CEM IWA-D 90-94 - 610 - - - - - - - 05
cement
CEM Iva-P 80-94 - - 6-20 - - - - - - 05
Portland-pozzolana | CEMIWB-P | 85-79 - - |21:35| - - - - - i 0.5
cement CEM IVA-Q | 80-94 - - - |s20| - - - - - 05
CEM IVB-Q 65-79 = - - 21-35 - - = = = 05
CEM WAV | 80-94 - - - - |s20| - B - - 0-5
CEMIl | porttand-fly ash CEM BV | 6579 - E - - |2135| - - - - 05
Snant CEM iAW | 80-94 - B - - - | 82| - - - 05
CEM I/B-W | 6579 - - - - - 21-35 - - - 0-5
Portland-bumt shale | CEM IA-T | 80-94 - - - - - - 8-20 - - 05
cement CEMIVB-T | 8579 - - - - 2 - |2138]| - i 0-5
CEM IUA-L BO0-94 - - - - - - - 6-20 - 0-5
Portland-imestone | CEM I/B-L | B5-79 = - - - - - - |21as]| - 0-5
cement CEM IVA-LL | 80-94 = 3 - - - - i - |ls2o] os
CEM IVB-LL | 6579 = = = - - - - - 21-35 0-5
Portland-composite | CEM IVA-M | B0-94 Comen 6-20 e} 0-5
cement * CEMIIB-M | 6570 G R 21-35 e T 05
CEMINA | 3564 | 3665 | - B - - - i - in 0-5
CEM Il | Blastfumace CEM llve 20-34 66-80 - - - - - - - - 05
cement CEM IINC 5-19 81-95 - = 2 - i . " 5 0-5
Pozzolanic CEM IV/A 65-89 e ki Y P s > - - - 0-5
CEMIV | cement® CEMIVB | 45-64 - e Yl sty | = - - 05
Composile CEM ViA 4064 | 18-30 - Gomiomion 1830 o> 2 i s " 05
CEMV | cement® CEM V/B 2038 | 3150 | - e 380 i > - - - - 0-5
a The values in the table refer to the sum of the main and minor additional constituents.
b  The proportion of silica fume is limited 1o 10 %
¢ In Portiand-composite cements CEM IV/A-M and CEM IVB-M, in pozzolanic cements CEM IV/IA and CEM IV/B and in composite cements CEM
V/A and CEM V/B the main constituents other than clinker shall be declared by designation of the cement (for example see clause 8).

(source: EN197-1, better known as the harmonized European cement standard)




Glossary and list of abbreviations used in this report.

Definitions used in this report:

Cement blending: Reduction of clinker content
in Portland cement using supplementary cemen-
titious materials (SCM’s such as slag, fly ash, li-
mestone, or recovered cement paste), thereby
lowering the clinker share of the final cement and
its overall GHG emissions.

Clinker substitution: Replacement of prima-
ry clinker share in Portland based cements with
supplementary cementitious materials or alter-
native binders, thereby lowering or eliminating
process CO, emissions from calcination.

Alternative binders: Binder systems that do
not rely on Portland clinker chemistry as the pri-
mary hydraulic phase and instead use different
chemical reaction pathways to achieve strength
and durability. They can be high or low-carbon
depending on the process CO, emissions gene-
rated from the production process.

LCB: Low-carbon binders are defined in this re-
port as cementitious systems where process CO,
emissions resulting from chemical pathways or
the use of circular and low-carbon feedstocks
are not hard to abate, with the aim to achieve
deep decarbonisation of the binder production
process. They are a specific subset of alternative
low-carbon binders.

Recycled Aggregates: Substitution of virgin sand
or gravel in concrete with recycled materials as
aggregates derived from construction and demo-
lition waste to reduce primary raw material ex-
traction and associated emissions.

RCF: Recycled Concrete Fines. Fine particle frac-
tion recovered from crushed concrete CDW; used
as a supplementary cementitious material or fil-
ler in cement and concrete under EN 197-6.

RCP: Recycled Cement Paste. Hydraulically active
fraction recovered from recycled concrete fines,
containing residual unhydrated clinker particles;
can substitute for fresh clinker in cement produc-
tion.

Abbreviations used in this report:

AAC: Alkali-Activated Cements. Binder systems
using alkali activators to react with aluminosili-
cate precursors such as slag or fly ash, without
Portland clinker.

ARM: Alternative Raw Material

ASTM: American Society for Testing and Mate-
rials. US standards development organisation.

ATR: Autothermal Reforming. Hydrogen pro-
duction process combining partial oxidation and
steam reforming; used in low-carbon hydrogen
pathways.

BAT: Best Available Techniques Under Directive
2010/75/EU as amended by 2024/1785/EU (In-
dustrial Emissions Directive).

BAT AEL: BAT-Associated Emission Level. Emis-
sion limit values associated with the application
of BAT (under directive 2010/75/EU as amended
by 2024/1785/EU).

BAT AE(P)L: BAT-Associated Environmental Per-
formance Level. Environmental performance
benchmarks linked to BAT application (under di-
rective 2010/75/EU as amended by 2024/1785/
EU), covering performance parameters such as
energy and material use.

BF: Blast Furnace. Iron-making furnace produ-
cing pig iron; a source of blast furnace slag used
as an SCM in cement production.

BOF: Basic Oxygen Furnace. Steelmaking pro-
cess using pure oxygen to convert pig iron to
steel.

BREF: BAT Reference Document. Technical re-
ference documents under directive 2010/75/EU
as amended by 2024/1785/EU setting out BAT
conclusions for specific industrial sectors.

BSI: British Standards Institution. UK national
standards body.

CCS/ CCUS: Carbon capture and Storage. Carbon
capture and use or storage.

CDW: Construction and Demolition Waste.

CE: Conformite Europeenne. CE marking indi-
cates a product meets EU harmonised standards
and can be placed on the EU market; required for
construction products under the CPR.

CEEAG: Climate, Energy and Environmental Aid
Guidelines. European Commission guidelines
governing state aid for climate, energy, and envi-
ronmental objectives.

CEM: Cement type designation under EN 197-1

CEN: European Committee for Standardisation.
European standardisation bodies responsible for
developing EN standards, including the EN 197
series for cement and EN 206 for concrete.



CISAF: Climate and Industrial State Aid
Framework. Adopted June 2025, complements
the CEEAG and replaced the Temporary crisis
and Transition Framework (TCTF), governs public
support for industrial decarbonisation and cli-
mate investments.

CLM BREF: EU BREF on Cement, Lime and Magne-
sium Oxide Production. Sector-specific BAT Refe-
rence Document under directive 2010/75/EU as
amended by 2024/1785/EU covering industrial
emissions from cement, lime, and magnesium
oxide manufacturing.

€O, equivalent CO, emissions of all GHG gases.

CPR: Construction Products Regulation. Regula-
tion 2024/3110/ EU (recast) governing the placing
of construction products on the EU market; man-
dates EPD requirements from January 2027.

CPV: Common Procurement Vocabulary. Stan-
dardised classification system for public procu-
rement established by regulation 2002/2195/ EU
and used in public procurement.

DRI: Direct Reduced Iron. Low-carbon alterna-
tive to blast furnace iron production; can use
hydrogen as a reducing agent, enabling near-ze-
ro-emission steelmaking when combined with an
EAF.

EAD: European Assessment Document. Techni-
cal document issued by European Organisation
for Technical Assessment (EOTA) defining the as-
sessment method and essential characteristics
for a construction product seeking a European
Technical Assessment.

EAF: Electric Arc Furnace. Steelmaking fur-
nace using electrical energy to melt scrap steel;
lower-emission route compared to the BF-BOF
pathway.

EEA: European Environment Agency

EMAS: Eco-Management and Audit Scheme. Vo-
luntary EU scheme under Regulation 2009/1221/
EC for organisations to evaluate and improve and
publicly report environmental performance.

EMS: Environmental Management System.
Framework for managing an organisation’s envi-
ronmental impacts; formalised under standards
such as ISO 14001 or EU schemes such as EMAS.

EPBD: Energy Performance of Buildings Direc-
tive. EU Directive (recast 2024/1275/EU) setting
minimum energy performance requirements for
buildings.

EPD: Environmental Product Declaration. Stan-
dardised document quantifying the environmen-
tal impacts of a product across its lifecycle, based

on a life cycle assessment (LCA) in accordance
with 1ISO 14025 and, for construction products in
the EU, under EN 15804+A2.

EOTA: European Organisation for Technical As-
sessment. Europe-wide association of Techni-
cal Assessment Bodies (TABs) for construction
products, established under the Construction
Products Regulation; provides the framework
for the European Technical Assessment (ETA) of
construction products to ensure consistent pro-
duct performance information throughout Eu-
rope.

ERMCO: European Ready Mixed Concrete Orga-
nisation

ESPR: Ecodesign for Sustainable Products Regu-
lation (2024/1781/EU).

ETA: European Technical Assessment. Docu-
mented assessment of the performance of a
construction product for its essential characteris-
tics issued by a Technical Assessment Body (TAB)
under Regulation 2024/3110/EU (CPR recast) on
the basis of a European Assessment Document
(EAD); provides a voluntary route to CE marking
for products not covered by a harmonised stan-
dard.

EU ETS: EU Emissions Trading System, Directive
2003/87/EC.

EUA: European Union Allowance as defined un-
der the EU ETS (Directive 2003/87/EC); one EUA
entitles the holder to emit one tonne of CO, equi-
valent and can be traded. Issued through auc-
tions or as free allocations to eligible installations.

E-PRTR: European Pollutant Release and Trans-
fer Register. Publicly accessible EU-wide register
under Regulation 2006/166/EC, implementing
the UNECE Kiev Protocol on Pollutant Release
and Transfer Registers. Replaced by the Indus-
trial Emissions Portal regulation (2024/1244/EU)
from 1 January 2028.

FA: Fly Ash. By-product of coal combustion with
pozzolanic properties; used as an SCM in blended
cements and concrete to partially replace Port-
land clinker.

GBFS: Granulated Blast Furnace Slag. Also re-
ferred to as Ground granulated Blast furnace
Slag (GGBS); hydraulic material produced by
quenching molten blast furnace slag and re-
quires chemical activation to become cementi-
tious; used as an SCM or clinker substitute in ce-
ment production.

GCCA: Global Cement and Concrete Association

GHG: Greenhouse Gas
GPP: Green Public Procurement.



GWP: Global Warming Potential. GWP usually
covers GHG impact of a material over a defined
time frame (typically 100 years) used in LCA and
EPDs to quantify climate impact.

IAA: Industrial Accelerator Act.
IEA: International Energy Agency.

IED: Industrial Emissions Directive. Directive
2010/75/EU as amended by 2024/1785/EU, go-
verning emissions from large industrial installa-
tions; sets BAT obligations for cement plants.

IED 2.0: Recast Industrial Emissions Directive.
Directive 2024/1785/EU.

IEP-R: Industrial Emissions Portal Regulation. Re-
vised legislation repealing the E-PRTR (2006/166/
EC). Will be in force from January 2028.

IPCEIL: Important Projects of Common European
Interest

IPCC:
Change.

Intergovernmental Panel on Climate

ISO: International Organisation for Standardisa-
tion.

LC3: Limestone Calcined Clay Cement.

LCA: Life Cycle Assessment. Methodology for
quantifying the environmental impacts of a pro-
duct or system across its full lifecycle; governed
by ISO 14040/44.

LEVEL(S): EU Framework for Sustainable Buil-
dings. European Commission voluntary
framework providing common metrics for as-
sessing and reporting on the sustainability per-
formance of buildings across their full lifecycle. It
is the basis for whole life carbon assessments in
the EPBD (2024/1275/EU).

MEAT: Most Economically Advantageous Tender.
Award criterion under the public procurement di-
rective (2014/24/EU); allows contracting authori-
ties to evaluate tenders on quality, environmen-
tal, and social criteria beyond price alone.

OJEU: Official Journal of the European Union.
ORC: Organic Rankine Cycle.

PPA: Power Purchase Agreement.

PAC scenario: Paris compatible scenario

RDF: Refuse-Derived Fuel. Fuel produced from
non-hazardous municipal solid waste.

RE: Renewable Energy

SBTi: Science Based Targets initiative. Initiative
providing companies with a framework for set-
ting greenhouse gas reduction targets aligned
with Paris Agreement temperature goals.

SCM: Supplementary Cementitious Material. A
material used to complement clinker in cement
production that contributes to strength deve-
lopment in concrete, partially replacing Portland
clinker; includes fly ash, GBFS, calcined clay, and
silica fume.

SMR: Steam Methane Reforming. Conventional
hydrogen production process using natural gas
and steam; produces significant CO, unless com-
bined with carbon capture.

SRF: Solid Recovered Fuel. An RDF standardised
under EN 15359 to be used as an alternative fuel
in cement kilns.

STEP: Solar Thermal Electrochemical Process

TP: Transformation Plan under Directive
2024/1785/EU (IED 2.0), a mandatory plan requi-
ring industrial operators to outline steps towards
net-zero production by 2050.

TRL: Technology Readiness Level. Scale from 1
to 9 used to assess the maturity of a technology;
TRL 9 = commercially deployed; TRL 1-3 = early
research.

TSC: Technical Screening Criteria published un-
der EU Taxonomy Regulation 2020/852.

VSL: Value of Statistical Life. Valuation method
used in cost-benefit analysis to monetise the eco-
nomic value of reducing mortality risk.

WFD: Waste Framework Directive. Directive
2008/98/EC as amended by Directive 2018/851/
EU and Directive 2025/1892/EU; establishes the
EU legal framework for waste management.

WHR: Waste Heat Recovery. Capture and reuse
of surplus thermal energy from industrial pro-
cesses.

WLC: Whole Life Carbon. Total greenhouse
gas emissions associated with a building or in-
frastructure asset across its full lifecycle. An
equivalent term to refer to the lifecycle Global
Warming Potential (GWP) as defined in revised
Energy Performance of Buildings Directive (EPBD,
Directive 2024/1275/EU).
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https://www.eib.org/attachments/lucalli/20230376_managing_refuse_derived_and_solid_recovered_fuels_en.pdf

The cascading use principle prioritises the use of resources for high-value material applications first and promotes circularity at the
end-of-life of the materials. According to this principle, resources should therefore be used at least once more through reuse or
recycling before incineration for energy recovery.
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Municipal_waste_statistics#Municipal_waste_treatment
https://www.globalefficiencyintel.com/s/AF-in-Cement-Industry-6152023.pdf

https://www.mdpi.com/1996-1073/16/20/7174

https://www.mdpi.com/1996-1073/17/19/4959
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1119898/phase_3_state_of _the_
art_fuel_mix_for_UK_cement_production_to_test_the_path_for_net_zero.pdf
https://eprints.whiterose.ac.uk/id/eprint/219453/1/Mixed_hydrogen_and_biofuels_cement_clinker_Characterisation_microstruc-
ture_and_performance.pdf
https://www.heidelbergmaterials.co.uk/en/news-and-events/world-first-hydrogen-fuel-trial-study-confirms-success
https://ccf2up.com/holcim-france-trials-hydrogen-as-alternative-fuel/
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https://www.cemex.com/w/cemex-successfully-deploys-hydrogen-based-ground-breaking-technology
https://ipcei.observatory.clean-hydrogen.europa.eu/titan-pioneering-green-hydrogen-industrial-cement-production-gree-
ce-h2cem-el11

https://www.oeko.de/fileadmin/oekodoc/Matthes_Brauer-Hydrogen-production-costs.pdf

Reference needed for the colours of H2
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER-2025-European-hydrogen-markets.pdf

Page 188, Figure 5.7, https://iea.blob.core.windows.net/assets/a6c466dd-b6f0-44bd-a60a-6940eccfb1c3/GlobalHydrogenRe-
view2025.pdf
https://www.agora-industry.org/fileadmin/Projects/2023/2023-20_IND_Electrification_Industrial_Heat/A-IND_329_04_Electrification_
Industrial_Heat_WEB.pdf

D2.1 - Stocktaking of decarbonized flexible industrial projects Examples, from ELECTRA, a Horizon EU project, published November
2024. https://ec.europa.eu/research/participants/documents/downloadPublic/OE1)cklrL3F6WVVMRU5MaGg2KzhjNIRTTTAYZINKQI-
hyZzUvMG54QzFwdnY5UHgwUTIibldRPTO=/attachment/VFEyQTQ4M3ptUWNXSW5SWjFHNUNDV3J5SFN5RXRxOU4=

Estimated to be at USD 200 million per plant, based on 2020 and 2023 estimates, Volaity et. Al, https://doi.org/10.1038/s44296-025-
00068-6
https://www.researchgate.net/publication/338553982_Combined_calcination_and_CO2_capture_in_cement_clinker_production_by_
use_of_electrical_energy

Notably CEMZero, ELECTRA, ELSE | and II, and ABB green electrification programs

https://www.saltxtechnology.com

https://pmc.ncbi.nlm.nih.gov/articles/PMC10817554/
https://synhelion.com/news/synhelion-and-cemexs-joint-solar-clinker-project-recognized-at-cop29
https://www.solarpaces.org/cemex-and-synhelion-to-demo-zero-co2-cement/

Towards decarbonization of cement industry: a critical review of electrification technologies for sustainable cement production,
Volaity et. Al, https://doi.org/10.1038/s44296-025-00068-6
https://medium.com/@SublimeSystems/can-you-make-zero-carbon-cement-476d73892656
https://www.holcim.com/media/company-news/investment-sublime-systems-low-carbon-technology

ZeroCAL is in pilot-stage technology with announced industrial collaborations. https://www.cemnet.com/News/story/177994/ultra-
tech-to-trial-zerocal-decarbonisation-technology.html

Sublime systems are in pilot scale with early commercial offtake agreements. https://sublime-systems.com/sublime-cement
https://www.equatic.tech

IPCC, Climate Change 2022 Mitigation of Climate Change, Summary for Policymakers. Available at: https://www.ipcc.ch/report/ar6/
wg3/downloads/report/IPCC _AR6_WGIII_SummaryForPolicymakers.pdf.

See also: EEB, Sufficiency in the built environment: A factsheet. 2024. Available at: https://eeb.org/library/sufficiency-in-the-built-en-
vironment-a-factsheet/

2019, based on ARM used in clinker production. https://cembureau.eu/media/ezSmwmpq/220502-ecra-alternative-raw-mate-
rials-study.pdf

Status and prospects of Alternative Raw Materials in the European Cement Sector (ECRA, February 2022)
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A62014CJ0613
https://gccassociation.org/concretefuture/getting-to-net-zero/
https://cembureau.eu/library/reports/cembureau-s-net-zero-roadmap/

ALCCC, 2023, Fast-tracking cement decarbonisation

European Commission (2024). Securing our future: Europe’s 2040 climate target and path to climate neutrality by 2050. SWD (2024)
63 final., https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52024SC0063

New Climate Institute and ECOS, 2023, Clinker Substitution in the EU Cement Sector, https://alliancelccc.com/wp-content/
uploads/2023/05/Methodology-report-Clinker-Substitution-in-the-EU-Cement-Sector.pdf

Horizon Europe, Data to Enable Transformation and Optimisation for Concrete Sustainability, https://www.detocs.eu/

Paris Agreement Compatible Scenario, https://caneurope.org/content/uploads/2024/09/PARIS-AGREEMENT-COMPATIBLE-SCENA-
RIO-2024.pdf

The calculations of this paragraph are rough and based on the 2023 emissions of the sector (93 Mt CO,, ), as per the European
Environment Agency EU ETS data viewer.
https://network.bellona.org/content/uploads/sites/6/2025/10/Net-Zero-Pathways-for-European-Cement-3mm-bleed-1.pdf
https://www.heidelbergmaterials.com/en/sustainability/we-decarbonize-the-construction-industry/ccus
https://www.heidelbergmaterials.com/en/pr-2025-09-25

Cembureau, 2024, From ambition to deployment

Cembureau’s 2024 roadmap mentions CCUS, meaning that part of the captured CO, will be used for other applications, poten-
tially resulting in part of the captured CO, released in the atmosphere after a few months or years (depending on the applica-
tion).

Securing the Underground: Managing the risks of carbon storage through effective policy design, https://www.oeko.de/en/publica-
tions/securing-the-underground/

https://eeb.org/library/ccs-reality-check-risks-and-priorities/
https://lowcarboneconomy.cembureau.eu/5-parallel-routes/resource-efficiency/clinker-substitution
https://www.euractiv.com/news/brussels-accused-of-stonewalling-climate-friendly-cement-makers/

According to the the CPR working plan, published December 2025, a standardisation request will be made for Alkali activated
cements in Q4 2027, with no deadline for delivery for the standard. https://webgate.ec.europa.eu/circabc-ewpp/d/d/workspace/
SpacesStore/1e989b50-3020-406b-9add-f847fc26de49/download
https://ecostandard.org/publications/international-performance-based-cement-concrete-standards/
https://knowledge.bsigroup.com/products/construction-materials-alkali-activated-cementitious-material-and-concrete-specification
https://knowledge.bsigroup.com/products/alternative-binder-systems-for-lower-carbon-concrete-code-of-practice-11
https://www.mpaprecast.org/getattachment/Resources/Sustainability-reports/Precast-Masonry-Sustainability-Report-2024-DIGITAL.
pdf.aspx?lang=en-GB

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02010L0075-20240804
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32024L.1785
https://bureau-industrial-transformation.jrc.ec.europa.eu/

More information is provided in the NGO-led website https://eipie.eu

As in Annex |, this concerns the production of cement clinker in rotary kilns with a production capacity exceeding 500 tonnes per
day, or in other kilns with a production capacity exceeding 50 tonnes per day
https://bureau-industrial-transformation.jrc.ec.europa.eu/reference/production-cement-lime-and-magnesium-oxide
https://www.exegy-solutions.com/en/the-exegy-collaboration-between-ecocem-and-vinci-construction-has-been-ongoing-for-seve-
ral-years-with-the-creation-of-the-highly-innovative-exegyultra-solution/

https://www.ciments-hoffmann.com/en/solutions/h-ukr/

https://terraco2.com/

https://www.cementirholding.com/en/our-business/innovation/futurecem

https://www.brimstone.com/technology

https://chemistryforsustainability.org/safer-alternatives/sublime-cementtm
https://www.umweltbundesamt.de/sites/default/files/medien/5750/publikationen/2021-04-26_texte_68-2021_quecksilberemis-
sionen_teil_2_0.pdf
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See more detailed recommendations by the EEB in regards to IED Transformation Plans submitted to the European Commission in
its call for evidence here https://eipie.eu/wp-content/uploads/2025/06/10_IED-Transformation-Plans-calls-for-evidence_EEB-contri-
butionFIN-2.pdf (March 2025)

Call for evidence https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14794-Simplification-of-administra-
tive-burdens-in-environmental-legislation-_en

See European Commission proposal COM (2025) 986 Final of 10 December 2025 https://www.europarl.europa.eu/RegData/docs_
autres_institutions/commission_europeenne/com/2025/0986/COM_COM(2025)0986_EN.pdf and https://oeil.europarl.europa.eu/
oeil/en/procedure-file?reference=2025/0394(COD)
https://commission.europa.eu/business-economy-euro/doing-business-eu/sustainability-due-diligence-responsible-business/corpo-
rate-sustainability-due-diligence_en

OJEU L 2025/794 of 16.04.2025

Commission Implementing Regulation (EU) 2023/2441
https://ec.europa.eu/sustainable-finance-taxonomy/activities/activity/272/view
https://ec.europa.eu/sustainable-finance-taxonomy/activities/activity/272/view
https://eeb.org/wp-content/uploads/2026/02/Buying-Sustainable-EEB-position.pdf

European Commission. Joint Research Centre. Techno-Economic and Environmental Assessment of Construction and Demolition
Waste Management in the European Union: Status Quo and Prospective Potential.; Publications Office: LU, 2023.

European Environment Agency. Construction and Demolition Waste: Challenges and Opportunities in a Circular Economy; EEA
Briefing; Publications Office: LU, 2019.

European Commission. Joint Research Centre. Techno-Economic and Environmental Assessment of Construction and Demolition
Waste Management in the European Union: Status Quo and Prospective Potential.; Publications Office: LU, 2023.

Ibid.

E.g., joint letter: No time to waste: tackling the construction sector's waste problem (2025)
https://competition-cases.ec.europa.eu/, consulted on July 23, 2025

Guidelines on State aid for climate, environmental protection and energy and Clean Industrial Deal State Aid Framework)
https://unece.org/sites/default/files/2022-04/Brevik%20HeidelbergCement.pdf
https://pmi-no.org/calendar?eventld=9115#:~:text=The%20total%20project%20costs%20are,thirds%200f%20the%20project's%20
cost.

https://www.wwf.eu/?17151291/clean-industrial-revolution-report

Considering the average price of 53€/t CO, in 2021, 80€/t in 2022, 83 €/t in 2023 and 65€/t CO, in 2024 (data concerning the average
yearly carbon price have been collected with Al, sources Statista.com and Bloomberg NEF)
https://rt-re-batiment.developpement-durable.gouv.fr/IMG/pdf/guide_re_2020_16mai2025.pdf

https://industry.eea.europa.eu/

Regulation (EU) 2024/1244 on reporting of environmental data from industrial installations, establishing an Industrial Emissions
Portal and repealing Regulation (EC) No 166/2006, OJEU L 2024/1244 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CE-
LEX%3A32024R1244

See EEB briefing in section 2 for more specific background and points https://eipie.eu/wp-content/uploads/2025/06/EEB_IED-and-
|IEP-R-assessement.pdf

See EMAS Regulation https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CE EX%3A02009R1221-20230712

EMAS allows reporting to be aggregated at “organisation” level, not for single locations/sites/installations, however aggregation is
rarely made, also because it would make little sense in terms of usefulness of environmental reporting if not disaggregated at site
level

This information is based on information made available via the EU EMAS register

See notably BBBB coalition July 2025 position paper, https://ecostandard.org/publications/creating-lead-markets-for-the-construc-
tion-sector-through-effective-public-procurement/

See https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=0J:L_202403110

As per EN15804 +A2 environmental indicators

https://www.buildingtransparency.org/about-us/

https://www.open-epd-forum.org

See notably https://www.buildingtransparency.org/tools/ec3/ and https://docs.buildingtransparency.org/ec3/api-and-integrations
p 8, https://publications.europa.eu/resource/cellar/06d2851d-07cd-11e8-b8f5-01aa75ed71a1.0001.01/DOC_1
https://initiatives.weforum.org/first-movers-coalition/home

https://www.missionpossiblepartnership.org

https://www.unido.org/IDDI

https://www.theclimategroup.org/concretezero
https://public-buyers-community.ec.europa.eu/about/big-buyers-working-together
https://single-market-economy.ec.europa.eu/sectors/construction_en

Tkachenko, N., Tang, K., McCarten, M., Reece, S., Kampmann, D., Hickey, C., Bayaraa, M., Foster, P., Layman, C., Rossi, C., Scott, K.,
Yoken, D., Christiaen, C. and Caldecott, B. (2023) Global database of cement production assets and upstream suppliers [Dataset].
Dryad. https://doi.org/10.5061/dryad.6t1g1jx4f
https://www.constructionbriefing.com/news/top-10-construction-cpompanies-in-europe-2024/8039151.article

For the sake of convenience in this chapter, we use the GHG protocol terminologies of scope 1, scope 2 and scope 3.https://ghgpro-
tocol.org/sites/default/files/ghgp/standards_supporting/Diagram%200f%20scopes%20and%20emissions%20across%20the%20
value%20chain.pdf

https://cdn.standards.iteh.ai/samples/71601/7ceab090c2d74bf8a012486081aed8b8/SIST-EN-197-5-2021.pdf
https://cdn.standards.iteh.ai/samples/75628/dc1f7f299bf946b8987ce72ccc7f5363/0SIST-prEN-197-6-2022.pdf
https://climateactiontracker.org/documents/1083/state-of-climate-action-2022.pdf

https://cordis.europa.eu/project/id/952960

Based on data from https://www.eota.eu/etassessments , last accessed on 28th August 2025
https://www.holcim.com/what-we-do/our-building-solutions/cement/susteno
https://www.heidelbergmaterials.com/en/sustainability/we-decarbonize-the-construction-industry/taking-concrete-recycling-to-the-
next-level
https://www.acciona.com/updates/articles/acciona-participates-european-project-address-challenges-floating-photovol-

taics

https://www.acciona.com/projects/veep
https://www.materialevolution.com/piloting-ultra-low-carbon-cement-solutions-with-crh-and-tarmac/
https://sublime-systems.com/sublime-systems-secures-combined-75m-in-investments-from-global-building-materials-majors-crh-
and-holcim-to-accelerate-scale-up-of-true-zero-cement-manufacturing-technology/
https://www.globalcement.com/news/19895-crh-completes-us-2-1bn-acquisition-of-eco-material-technologies
https://holcimmagerventures.com/about/accelerator-program/

https://www.cemexventures.com
https://www.ciments-hoffmann.com/app/uploads/2025/03/PR_HoffmannGreen_3yearContractEiffageGenieCivil.pdf, contract ended
in 2023.

https://www.heidelbergmaterials.com/en/pr-2024-10-09
https://www.exegy-solutions.com/en/the-exegy-collaboration-between-ecocem-and-vinci-construction-has-been-ongoing-for-seve-
ral-years-with-the-creation-of-the-highly-innovative-exegyultra-solution/
https://www.vinci-construction-projets.com/en/actualite/grand-paris-express-the-first-tests-on-prefabricated-voussoirs-made-with-
ultra-low-carbon-concrete-in-france/

https://www.ecocemglobal.com/project/athletes_village/
https://ec.europa.eu/sustainable-finance-taxonomy/activities/activity/272/view
https://www.heidelbergmaterials-northerneurope.com/en/major-breakthrough-for-plasma-heated-cement-kiln-in-sweden
https://www.holcim.com/media/company-news/investment-saltx-plasma-technology
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https://www.orcan-energy.com/en/details/dyckerhoff-generates-green-electricity-from-waste-heat-new-orcan-energy-orc-system-
commissioned-at-the-geseke-plant.html
https://www.orcan-energy.com/en/details/cemex-and-orcan-energy-extend-existing-waste-heat-recovery-collabora-
tion-to-a-broad-decarbonization-partnership.htmi
https://www.lemonde.fr/en/economy/article/2025/08/07/capturing-co-through-cryogenics-eiffage-pioneers-new-technology-to-de-
carbonize-its-industry_6744140_19.html
https://www.eiffage.com/en/media/news/eiffage-strengthens-its-expertise-in-the-offshore-energy-market-with-the-acquisition-of-
hsm-offshore-energy-a-reputable-dutch-based-epcic-company
https://www.ecologic.eu/sites/default/files/publication/2023/33007-Report-Public-Procurement-for-Climate-Neutrality.pdf
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14427-Public-procurement-directives-evaluation_en

In 2021, there were eight member states in which the level of award in favour of the lowest price even exceeded 80 % of the total
number of contracts- European court of auditors. https://www.eca.europa.eu/ECAPublications/SR-2023-28/SR-2023-28_EN.pdf
https://eeb.org/library/green-public-procurement-eeb-recomendations/

According to the CPR, a standard is harmonised only when a request/ mandate for standardisation is made by the Commission to
the standardisation bodies (CEN/CENELEC) and when the adopted standard by standardisation bodies is published in the Official
Journal of the European Union

Article 42 and 43 of the public procurement directive (2014/24), technical specifications and labels

Engineering, procurement and construction

Under Article 83 of the CPR (2024/3110) and article 65 of the ESPR (2024/1781)

Article 67 of the public procurement directive (2014/24). We recommend a mandatory approach with specific exclusions for price
only approaches as compared to a choice between price or cost effectiveness approach which exists now.

In the EU construction sector, LCA is applied through standards EN 15804+A2 (product level) and EN 15978 (project/ building level)
https://freement.nl/home/

https://rapidimpactcontracting.nl/

The EC3 EPD database shows European EPD's for concrete with a market average of 188 kg. CO,_ /m? accessed on 23 February
2026. https://buildingtransparency.org/ec3/material-search

Higher strength classes require proportionally higher embodied carbon limits. An expected 10-15 kg CO,_ / m® increments for every
concrete strength class has been applied in voluntary industry classifications (BY Low-carbon Classification, Finland). Performance is
subject to full conformity with EN 206 based standards in Member States.

Reinforcement steel is assumed to be at 0.5 t CO, / t of steel, reflecting a feasible limit for scrap-based EAF steel with low-carbon
electricity in the EU today. Concrete intensity is assumed to be around 0.4m3/m2? and reinforcement steel intensity is assumed at
50 kg/m?, which can be reduced further with structural design efficiencies. The remaining stages apart from the B6 (operational
emissions) included in the WLC life cycle assessments, specifically B2 (Maintenance), B4 (replacement) and C (end of life) stages are
usually in the order of 10-15% of the embodied emissions in European housing archetype studies.

By 11.4 times , SBTi https://files.sciencebasedtargets.org/production/files/Supplier-Engagement-Guidance.pdf
https://bregroup.com/products/breeam/, https://www.dgnb.de/en, https://www.hgegbc.org, https://www.minergie.com/en/,
https://gbce.es/sistemas/verde/ and https://www.gbci.org/europe (LEED)
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