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Ulrich Brand, Stefan Thimmel

Concreteis Everywhere.
And That’s the Problem.

No other building material has shaped our world
quite like concrete — and no other building mate-
rial causes so much damage. Some 40 percent of
all human-made substances on our planet are ce-
ment-based: the “liquid stone” is poured into struc-
tures such as bridges, dams, apartment blocks, and
data centres. The Al boom literally rests on a con-
crete foundation. Responsible for between eight and
nine percent of all global COz2 emissions, devastated
ecosystems, polluted air, sinking cities, and moun-
tains of rubbish, concrete’s toll is truly devastating.
But despite this, production and consumption con-
tinue to grow: 25 billion tonnes a year and rising.

The study “Concrete Destruction: Costs and Dam-
ages of the Concrete and Cement Industry and the
Future of Construction” by Tom Ackers, Conrad Kun-
ze, Paulina Orozco, Matthias Schmelzer, and Nils Ur-
banus reveals that cement is the obvious lubricant of
“imperial construction”." A great deal of effort goes
into ensuring that the material’s adverse effects re-
main concealed. And this is no coincidence, given
that there are powerful industry players who have a
vested interest in keeping things that way. Cement
facilitates relatively inexpensive, rapid, scalable con-
struction — and with it, the growth of a type of con-
struction that, according to architecture professor
Werner Sobek, contributes more than 50 percent of
all CO, emissions if transport, demolition, and recy-
cling are taken into account. Concrete is not a neu-
tral material. It is the very stuff of which the imperial
mode of living? is made, both at the expense of our
natural world and on the backs of workers — such
as on building sites, around the world and above all
in the Global South.

This can be clearly seen in the case of one of the big-
gest players: Heidelberg Materials, which is among

the world’s largest cement manufacturers, operates
factories and quarries via its Israeli subsidiary not
only in the occupied Palestinian territories (the

West Bank), but also in places like Western Sahara.
Farmers in Pakistan are suing the company on the
grounds that its emissions are destroying their live-
lihoods, as evidenced by the devastating floods that
tore through the region in the summer of 2022. Col-
lapsing bridges the world over reveal the dark side of
cheap mass construction: concrete has a relatively
short lifespan, is not built to last, and ultimately ends
up in landfill. Every year, ten billion tonnes of con-
crete waste are either downcycled or discarded.
This is not a fault in the system; itis by design.

The industry has come up with its own solutions:
“net zero by 2050”, which does not actually trans-
late to zero emissions, but rather to achieving a bal-
ance whereby no net additional COz is released into
the atmosphere. The idea is that this will be achieved
via reforestation and technological innovations such
as carbon capture and sequestration — the industry
sees this as the ace up its sleeve. But what lurks be-
hind these promises is an aggressive lobbying ma-
chine thatis blocking attempts at climate control,
cashes in on billions in unused carbon credits, and
relies on technologies that either do not yet exist or
are progressing much too slowly. Emissions have tri-
pled since 1990 — and production has quadrupled
in the same timeframe. The industry’s “net zero”
rhetoric amounts to nothing more than greenwash-
ing — or rather “concrete-washing”.

So the question we should be asking ourselves is
not “How can we produce concrete in a more envi-
ronmentally friendly way?" but rather “How can we
build less, and change and improve how we build?”
Away from imperial building techniques, and to-



Concrete is Everywhere. And That’s the Problem.

wards locally sourced, regenerative construction
materials. Wood, clay, straw, bamboo, stone: these
are materials with an ancient history, a promising
future, and local roots. In cases where the use of
concrete is unavoidable, we will need to find alter-
natives that boast lower emissions and a signifi-
cantly longer lifespan. And more than anything else,
we will need the political will to question whether —
and, if so, when and where — new construction is
necessary at all. We need to ask: Where could exist-
ing stocks be redistributed, land divided up, and res-
idential spaces organized with a view to the com-
mon good? In Germany, the average living space is
45 square metres per capita, with this figure having
risen steadily in recent decades. According to some
estimates, up to 1568 square kilometres of land are
still paved over every year, whether for construction
or for traffic infrustructure. Germany is still many
kilometres away from reaching its “30-hectare tar-

"

get”.

But none of this is a natural phenomenon; it is out-
dated and unsustainable.

Allin all, it is evident that this is not a technical is-
sue, but a political one. And this means that what
is needed are bold political solutions: moratoria on
senseless demolish and rebuild projects (such as
the 2024 Anti-Abriss-Allianz [Anti-Demolition Alli-
ance], which was supported by Germany's Cham-
bers of Architects and other organizations), a sys-
tematic phase-out of the conventional production
of Portland cement akin to the coal phase-out that
was passed in 2020, as well as a democratization

of housing by means of socialization, common
property, and participatory planning. A number of
architects and planners have already made more
progress in this respect than politicians. Further
progress will also require pressure from below —
from local residents and activists, for example.

The ecological crisis is not a distant future pros-
pect; itis our current lived reality. Carrying on with
business as usual is not an option — and neitheris
a strategy of “build, build, build” that focusses sole-
ly on financial figures. Concrete not only reinforces
buildings and road infrastructure; it also consoli-
dates structures of power and exploitation, as well
as an imperial mode of living that has long since ex-
ceeded the planet’s limits. This study exposes the
costs. The time has come to shake the foundations.

Vienna/Berlin, March 2026

Ulrich Brand studied political science. He works,
teaches, and researches as a professor of inter-
national politics at the University of Vienna and
is a member of the board of the Rosa-Luxem-
burg-Stiftung.

Stefan Thimmel is an architect and journalist who
has worked at the Rosa-Luxemburg-Stiftung since
2011. Since 2018 he has worked as a senior con-
sultant for housing, tenancy, and urban policy. He
is a member of the board of the Hermann-Hensel-
mann-Stiftung.

Endnotes

1 S.Thimmel, “Der Markt regelt es nicht”, Stadt.Land. Politik. Henselmann
Journalno. 7., pp. 27-28. June 2022, Berlin.

2 U. Brand and M. Wissen, The Imperial Mode of Living: Everyday Life and
the Ecological Crisis of Capitalism, London: Verso Books, 2021, translated
by Z. M. King.



Glossary

Alternative fuels: Fuels used to power cement kilns
in order to replace conventional fossil fuels. They
typically consist of waste materials co-processed
with coal, petroleum coke, or natural gas.

Aggregates: The sand (fine) and gravel (coarse)
components of concrete that provide bulk, strength
and volume. They are the largest components of
concrete mixes by volume and by mass.

Basic needs: The minimum material and social re-
quirements necessary for human well-being, includ-
ing housing, water, sanitation, and energy access.

Built environment: Human-made surroundings,
primarily buildings and infrastructure.

Bullshit construction: Construction that serves
speculative, luxury, or non-essential purposes,
instead of meeting basic social needs.

Bullshit demolition. Demolition undertaken not be-
cause a building is structurally unsound or socially
obsolete, but rather for economic, cosmetic, or
profit-driven reasons.

Calcination. The thermal decomposition of calcium
carbonate (CaCOs = CaO + COz2) that occurs during
kiln processing above 1000 °C. This reaction is the
primary source of unavoidable process emissions
in cement manufacture.

Carbon Capture, Utilization, and Storage (CCUS): A
suite of technologies designed to capture COz2 from
flue gases, transport it, and either use it in products
(CCU) orinjectitinto geological reservoirs (CCS).

Carbonation: The uptake of (usually atmospheric)
CO2 by slaked lime within hydrated cement over
time (Ca(OH), + CO, - CaCO; + H,0). This occurs
naturally over long timeframes but can be artificially
enhanced, for example by injecting CO, during
batching.

Carbonatable cement: A type of cement that
hardens during carbonation, not during hydration
(like Portland cement does). Also referred to as
carbonation-based cements.

Cement: A powdery mineral binder that hardens
when mixed with water and binds aggregates into
mortar or concrete. In this report, “cement” usually
refers to industrial Portland cement unless otherwise
specified.

Circular construction: Design and building practices
aimed at extending material lifetimes through reuse,
adaptability, and disassembly.

Clinker: The intermediate, nodular product formed

in the cement kiln from the high-temperature
processing of limestone and clay. It is ground with
gypsum and any additional supplementary materials
to make cement.

Clinker substitution: The practice of reducing the
proportion of clinker in cement by adding supple-
mentary cementitious materials to lower emissions
and material intensity.

Concrete: A composite material made by mixing
cement, water, fine (sand) and coarse (gravel) ag-
gregates. It hardens into an artificial stone that is
strong in compression but weak in tension. In this
report, the term “concrete” also encompasses
mortar, unless otherwise stated.

Decarbonization: The process of reducing or
eliminating carbon dioxide emissions from energy
systems, industries, and materials production.

Depaving: Community-led removal of sealed
surfaces and their replacement with soil and plants,
undertaken as a local, restorative practice to reduce
ecological harms and improve urban resilience.
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Glossary

Emissions intensity: The amount of greenhouse

gas emitted per unit of product, usually quantified
according to the “equivalent” quantity of CO, that
would produce the same amount of global warm-
ing over a 100-year period. Often used to measure
progress in industrial decarbonization (e.g., CO, per
tonne of cement).

Embodied emissions. The greenhouse gases
released in the production, transport, construction,
maintenance, and disposal of a material or asset.
However, the term often refers more narrowly to
the “cradle-to-gate” emissions of building materi-
als and components prior to construction and use.
These contrast with “operational emissions”, which
arise during the use phase of a building or piece of
infrastructure, excluding maintenance (e.g. heating,
cooling, electricity consumption).

Imperial mode of living. A socio-ecological pattern

in which affluent populations (in rich countries and
poor countries alike) sustain high levels of consump-
tion through the externalization of environmental
and social costs (e.g. unemployment, pollution) onto
poorer populations worldwide. The concept was
coined by Ulrich Brand and Markus Wissen.

Just transition. A framework for ensuring that the
shift to a low-carbon economy protects workers,
communities, and vulnerable populations, promot-
ing fairness and inclusion in structural change.

Karst: A distinctive type of landscape formed in
areasrich in limestone, characterized by caves,
sinkholes, unique hydrology, and ecology.

Limestone. A sedimentary rock made mainly of cal-
cium carbonate (CaCQ;). Itis the principal raw mate-
rial for cement and the main source of process-relat-
ed CO, emissions during cement manufacture.

Mortar: A paste of cement, sand, and water used to
bind masonry units or render surfaces. In this report,
“mortar” is included under general references to
“concrete” unless otherwise noted.

Nature-based infrastructure.: Design approaches
that use or mimic ecological systems (e.g., wetlands
for flood protection) instead of using built, materials-
intensive structures.

Nowtopias: Small-scale, community-based experi-
ments and social “niches” (e.g. housing coopera-
tives, depaving initiatives, self-build projects) that
prefigure alternative, more sustainable and demo-
cratic ways of living.

Planetary boundaries: A set of ecological limits (e.g.,
climate stability, biodiversity, freshwater availability)
that define a “safe operating space” for humanity;
cement and concrete production contribute to trans-
gressing several of them.

Portland cement.: The dominant industrial cement
type, produced by high-temperature clinkering of a
mix of mainly limestone and clay in rotary kilns. Itis
a hydraulic cement that hardens by hydration.

Process emissions. Greenhouse gases released
directly from chemical or physical transformations
in production processes (rather than from fuel com-
bustion). In cement, these mainly arise from lime-
stone calcination.

Rebound effect: A phenomenon whereby the effect
of efficiency improvements per unit s, in total, less
than expected and may even (paradoxically) lead to
greater overall material or energy use. For instance,
measures that lower the material or energy use per
unit (e.g. more efficient kilns) can also lower produc-
tion or usage costs, and this can encourage higher
total consumption, counteracting some or even all
of the expected resource savings.

Reinforced concrete. A composite of concrete

and reinforcement (usually steel rebar), in which
concrete supplies compressive strength and steel
provides tensile strength. It enables the creation of
more capable structural elements such as beams,
slabs and columns.

Retrofitting: Upgrading existing buildings or
infrastructure to improve energy efficiency, safety,
or usability; an alternative to demolishing and
rebuilding.

Rotary kiln: A'long, rotating cylindrical furnace used
in modern industrial cement plants to heat raw lime-
stone, clay, and other ingredients through preheat-
ing, calcination, and clinkering stages. The rotary
kiln greatly increased the speed at which batches of
cement could be produced, and it enabled the mass
production of cement based on fossil fuels.



Social metabolism: The flow of energy and materials
through societies and economies, shaping ecolog-
ical impacts and social relations; a key concept in
political ecology and material flow analysis.

Sufficiency. An ethical and policy approach in sus-
tainability that avoids overconsumption of materials,
energy, water, land, and other natural resources, en-
suring an equitable distribution of natural resources
and a decent standard of living for everyone within
planetary boundaries. In contrast to efficiency meas-
ures, sufficiency measures are primarily driven by
non-technical solutions.

Supplementary cementitious material (SCM):
Materials such as fly ash, granulated blast-furnace
slag, or calcined clays that partially replace clinker in
cement. They lower COz intensity and can enhance
the material properties of the final product.

Glossary

Techno-fix: An attempt to address a societal prob-
lem by engineering or technological solutions, with
little or no change to societies structures or social
behavior, often focusing on the symptoms of a prob-
lem (e.g., CO, emissions removal) without tackling
underlying social or structural causes. An example
is electric cars: they can lower CO, emissions but do
not tackle the underlying norm of individual mobility
and therefore remain highly materials-intensive.

Vernacular architecture: Traditional, place-based
building practices that use locally available materials
and crafts. Vernacular architectures are typical-

ly resource-light, climate adapted, and socially
embedded; they often embody regenerative design
principles.

"



12

Preface

Given the share of global CO2 emissions
from the cement-concrete production chain,
itis perhaps surprising that climate activists
haven't targeted clinker-producing cement
plants directly in the same way that they
have gone after coal-fired power stations.

David Perilli, Editor at Global Cement (2021)

Concrete, the final product of cement, is both omni-
present and invisible. Itis the most-used man-made
material and responsible for 8% of global carbon
emissions. It is associated with the destruction of
soils, lifeless “concrete jungles” of modern cities,
and climate breakdown. Even so, the industry that
produces it has so far largely avoided public atten-
tion, compared to aviation or fossil fuels. Itis rarely
targeted by activists, and the social and ecologi-

cal costs and damages of this material have eluded
public debates. Concrete is so extensively used, so
abundantin our surroundings, that its presence is
simply taken for granted. It appears to be so useful
that its ever-expanding artificial landscapes are seen
asinevitable, even natural.’ Just as water is invisible
to fish, concrete escapes our critical analysis. This is
even more true of the cement industry, which, as the
“infrastructure of infrastructure”, is even more hid-
den from everyday life.?

Unlike the extraction of fossil fuels that has increas-
ingly come under scrutiny, the production of ce-
ment, dependent on the release of CO2 from lime-
stone, is largely accepted as a fact. The greenhouse
gas emissions from the cement industry are consid-
ered largely unavoidable. The only reasonable path
forward, according to this line of reasoning, is the
large-scale capture and containment of the result-
ing CO2, with an extensive carbon capture and stor-
age infrastructure.® The discussion surrounding the
cementindustry’s decarbonization is either nonex-
istent or dominated by merely technical measures.
More radical and transformative steps are urgently
needed, yet mostly left out of the picture.

We are thankful to the Rosa Luxemburg Foundation
for providing us with the opportunity and support
to carry out a critical report on this seemingly tech-
nical topic. After a call by the foundation for studies
on this theme, we formed as a research team span-
ning different academic disciplines, including trans-
formation studies, sociology, philosophy, chemistry,
and economics, as well as activist viewpoints and
even an insider perspective from within the cement
industry itself.

We are enormously grateful to all the individuals
and organizations who were crucial in the creation
of this study. In particular, we want to thank Aaron
Vansintjan for the meticulous and critical editing of
this study, which proved immensely helpful. We also
thank Anastasia Blinzov and Stefan Thimmel from
the Rosa Luxemburg Foundation for enabling this
work to be done. Furthermore, we are grateful for
the guidance and feedback from Wanja Wedekind,
Daniela Gottschlich, Jan Eilts, Janty Jie, Simon Pi-
rani, John Ackers, Luisa Zenker, Anna Schmidt,
Leonie Tasse, Mario Kolkwitz, and EJ Williams, as
well as the experts from End Cement, A100 Stop-
pen, Dachverband der Kritischen Aktionarinnen
und Aktionare, and Jaringan Masyarakat Peduli Pe-
gunungan Kendeng. Thank you to Eli Zeger for help
with copy-editing, and to Dominik Wiedenhofer and
colleagues at the University of Natural Resources
and Life Sciences, Vienna, for sharing with us their
MISO2 global material stock-flow modelling data.

Finally, this study wouldn't exist without the count-
less grassroots struggles and initiatives fighting for a
better and just built environment. We hope we have
done justice to their efforts.

Endnotes

1 Compare Wieser et al. 2023: 23.

2 Fivez & Motylinska 2022.

3 IPCC2022a: 36, 430, 1190-1191; UNFCC 2024.



Executive Summary

Cementis an ancient material that now sits at the
heart of modern societies. Its main derivative, con-
crete, is the most ubiquitous man-made material on
Earth, second only to water in the scale of annual
consumption. From homes, offices, and retail spac-
es to dams, bridges, tunnels, and sanitation sys-
tems, it defines much of the built environment. Yet
this material is also a growing global problem as it
contributes to the transgression of multiple plane-
tary boundaries while, quite literally, cementing ex-
ploitative power structures.

History and Development

Cement powder is essentially a glue — the product of
burning limestone together with other materials and
grinding them down. When cement is mixed with
water, sand, and gravel, the combination hardens

to form concrete. Cement has long histories of use.
However, its global dominance in the form of Port-
land cement only began after 1945 as the result of a
specific coherence between the material’s proper-
ties, the requirements of industrial modernity, and
the interests of capitalist development.

While today concrete forms 40 % of all anthropogen-
ic mass, its enormous production (25 billion tonnes
annually) is often projected to rise even further due
to global housing and infrastructure needs. Howev-
er, prevailing economic structures fall short of direct-
ing the materials to where they are needed most;
while its harms stack up.

Costs and Damages

The various social and ecological damages caused
by the (concrete and) cement industry directly and
through the widespread use of its products span six
major areas:

1. Carbon Emissions: Cement and concrete
production accounts for 8-9 % of global anthro-
pogenic CO, emissions. Its emissions stem both
from fossil fuel combustion and from the calci-
nation of limestone; processes that are currently
unavoidable in the production of Portland cement.

2. Ecological Destruction: The extensive
extraction of limestone, gravel, and sand need-
ed for concrete have emerged as humanity's
primary extractive front, as these are mined in
larger volumes than any other material (23 bil-
lion tonnes annually), now even surpassing
fossil fuels. These mining activities reshape
landscapes, damage water systems and local
communities, and devastate ecosystems,
accelerating biodiversity loss and species
extinction.

3. Air Pollution: Cement plants severely impact sur-

rounding communities through substantial air
pollution, including nitrogen oxides (8 % of all
global emissions), sulfur oxides (5 %), and heavy
metals such as mercury (9 %) released through
particulate matter. Additionally, toxic dust (5%) is
generated throughout the entire concrete produc-
tion chain —from quarrying to final batching — pri-
marily harming workers and nearby communities.

4. Sinking, Heating, and Sealed-off Cities: The

accumulation of concrete causes large-scale
urban consequences. Cities experience higher
temperatures, more intense flash floods, and
sinking foundations —all partly due to concrete’s
heat retention properties, its sealing of surfaces,
and its weight.

5. Excessive Waste: Concrete structures most-
ly have a limited lifespan (typically around 50
years), especially when reinforced with steel or
built for “throwaway architecture”. The result-
ing concrete waste (10 billion tonnes annually) is
either landfilled or downcycled.

6. Consolidation of Power and Exploitation:

Concrete's moldability and standardization
enable greater worker exploitation and centrali-
zation of control, embedding power hierarchies
both within the industry and the built environ-
ment. Its ease of use and rapid deployment make
itan important tool of war and displacement.
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Executive Summary

The Cement Industry’s Climate Response

The damages across all areas are considerable.
However, it appears especially impossible to fully
eliminate CO2 emissions in the production of Port-
land cement. Nevertheless, the industry has pledged
to reach “net zero” by 2050. Analyzing the cement
industry’s lobbying practices, its past measures, and
future roadmaps reveals that these claims rest on
weak foundations.

Technological measures implemented so far have
been limited to efficiency improvements, such as
better kiln designs, fuel switching, and partial clinker
substitution. These have achieved only modest CO2
reductions, which have been overcompensated by
total production growth (the sector’s emissions tri-
pled while production quadrupled since 1990). The
sector’s current “net-zero”-plans essentially rely

on carbon capture and storage (CCS) on a massive
scale and other uncertain future innovations. The
industry’s dominant firms do not intend to switch to
alternative cements, which are often more sustaina-
ble, despite CCS requiring extensive new infrastruc-
ture and being significantly costly, energy-intensive,
risky, and deployed at a rate far slower than has been
promised. We find that the industry’s “net-zero” nar-
rative amounts to wishful thinking.

Moreover, the industry itself has consistently sought
to weaken climate regulation and other forms of
environmental protection, including efforts to dilute
the EU Emissions Trading Scheme. Major firms have
additionally obstructed alternative technologies
while forming alliances with fossil fuel companies to
advance CCS to retain invested capital.

Alternative Measures

To meet global housing and infrastructure needs de-
spite the destructive impacts of the cement industry,
three alternative measures are necessary:

1. Improve cement: Traditional Portland cement
can be improved or altogether substituted with
lower-emission alternatives, many of which are
currently being researched and used in niche set-
tings. However, there is no new miracle cement
waiting in the wings. These alternatives rely on
relatively scarce raw materials, and more expen-
sive manufacturing processes, with each alterna-
tive flawed to a certain extent. Their use is likely
limited to situations where no other solution is
possible.

2. Switch materials: Concrete can often be re-
placed by other building materials, especially

by traditional and mostly regenerative materials
such as timber, bamboo, hemp, straw, stone, and
earth. Locally sourced and designed using tradi-
tional architectural knowledge —enhanced with
modern techniques — these can avoid many of
concrete’s ecological and social costs. However,
replacing the entirety of concrete with alterna-
tive materials is improbable, especially as land for
plant-based materials is scarce and needed for
biodiversity protection and food production.

3. Use less material: The consumption of construc-
tion materials can be reduced through techno-
logical and social changes. New construction,
especially in the Global North, can largely be
avoided —through redistribution and enhanced
longevity of buildings, a ban on demolitions,
restrictions on luxury, prestige, and specula-
tive projects, as well as a focus on meeting ba-
sic needs. Excess can additionally be reduced
through more efficient construction methods,
material reuse, and a more compact and na-
ture-based built environment.

Taken together, these measures point toward a
vision of transforming our built environment from
an extractive, globally uniform, and profit-driven
system built on concrete to one thatis regenerative,
vernacular, and people-driven.

Political Levers

Collective struggle of activists, workers, and com-
munities that confront entrenched power is needed
to achieve this vision —ranging from disruptive ac-
tion to transformative reforms to prefigurative prac-
tices. Seven political levers, drawn from existing and
past struggles, can play an essential role:

1. Contest the cement industry: Challenge the ce-
ment industry’s narratives, expose its damages,
and confront its false solutions through public
campaigns and direct action.

2. Stop bullshit construction: Halt unnecessary
construction and demolition projects through
direct actions, worker strikes on harmful projects
(a.k.a., “Green Bans”), and moratoria on demo-
lition.

3. Regulate Construction: Fight for binding rules
that enforce durability, repairability, communi-
ty co-design, and higher quotas of regenerative
and local building materials. Achieve expansion
of public housing built with sustainable materials
and focused on sufficiency.



4. Phase out Portland cement: Secure a state-led
phase-out of Portland cement, similar to coal, oil,
and gas, paired with just-transition measures for
workers.

5. Phase in the regenerative and vernacular: Win
public regulation and investment to scale up re-
generative building practices based on stone,
earth, timber, and other alternative materials.

6. Redistribute and democratize: Redistribute and
democratize the built environment, for example
through the socialization of large housing com-
panies, collective forms of ownership, and partic-
ipatory planning processes.

Executive Summary

7. (De-) construction from below: Support grass-
roots depaving initiatives and community-led,
self-built housing as living laboratories of alterna-
tive construction practices.

Cement and concrete are among the defining mate-
rials of modern civilization — but they are also among
its most destructive. The evidence presented in this
report shows that their continued expansion is in-
compatible with planetary and social stability. The
world must move beyond the illusion of infinite con-
crete growth. Instead, cement production must be
redirected towards meeting basic needs while rap-
idly reduced and replaced elsewhere. Only then can
the foundations of a truly sustainable, equitable, and
livable world be laid.
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Introduction

Wherever we look, there is concrete. From our
homes and offices to the lining of dams, to bridg-
es, tunnels, and sanitation and energy systems,
this “liquid stone” underpins modern societies and
stands as one of the defining geological markers
of the Anthropocene.” Over the past two centuries,
concrete has become the single most widely used
man-made material, comprising about 40 % of all
of the accumulated human-made materials in the
world by mass.?

At the centre of this lies the global cementindustry,
which transforms limestone into the powder that
binds sand and gravel into concrete. Cement has
enabled a vast expansion in the built environment,
but the costs and damages of this have also been
mounting: enormous CO2 emissions, local pollution,
the extensive mining of raw materials, exploitative
labour practices, the destruction of cultural heritage,
sealed and overheating cities, and growing waste.

At the same time, the need for construction materials
appears immense, as urbanization accelerates and
basic needs remain unmet.® By 2060 the global urban

population is projected to exceed six billion. Already
today, over a billion people lack adequate housing,
according to the UN. Two billion people lack access
to safe drinking water, 3.5 billion lack adequate sani-
tation, and 700 million lack access to electricity.*

Societies and their built environments also face new
forms of devastation from climate disasters and war.
Rising seas and extreme weather will force cities to
relocate, dams to be built, and infrastructures to be
remade. Both rich and poor countries will need to
expand renewable energy systems while renovating
existing buildings for energy efficiency.

This implies an escalating demand for concrete and
its primary ingredient: cement. Cement not only
binds sand and gravel; it binds capitalist modernity
through infrastructures, social relations, and imagi-
naries. Yet it also brings immense costs and damag-
es. This report seeks to place cement and its prob-
lems in an historical and political context, to outline
political, economic, and technological pathways to
transformation, and to identify levers by which those
changes can be realized.

Figure 1: Total mass accumulated by man-made materials compared to global biomass.®




At the heart of this study lies a central contradiction:
the cement industry produces severe socio-ecologi-
cal harms, yet it also appears indispensable to mod-
ern societies. It enables the construction of housing,
sanitation, and transportation networks, along with
many other crucial services — but how essential is
cement production, really? And can it be replaced?

This report offers a systematic analysis of the costs
and damages of cement and concrete, focusing
especially on its carbon emissions. It also critically
evaluates the industry’'s own proposed solutions —
mainly technological fixes such as efficiency im-
provements and carbon sequestration. The report
contrasts these with alternative measures and polit-
ical levers for communities, activists, and workers —
alternatives that focus instead on broader societal
transformation through shifting material use and re-
ducing unnecessary consumption. Although global
in scope, the study pays particular attention to the
Global North, where concrete stocks are already
extensive and where the profits and other benefits
from cement and concrete production have accu-
mulated, focusing in particular on the two European
multinationals: Heidelberg Materials from Germany
and Holcim from Switzerland.

Analytically, the study draws from critical political
ecology and examines the global social metabolism
of the economy. Using material flow analysis, we ex-
plore how unequal power relations shape material
flows and conflicts. Rather than treating the trans-
formation of the cement industry as a mere techno-
cratic process, we analyze the political and econom-
ic interests involved — showing, forinstance, how
dominant firms influence regulatory standards even
as smaller innovators, communities, and public au-
thorities attempt to advance alternatives.

Chapter 1 provides a primer on cement and con-
crete, tracing their historical development, the une-
ven growth of concrete stocks, and their role in une-
qual economic development.

Chapter 2 analyzes the socio-ecological costs and
damages of the cement and concrete industry, both
in production and in the use of these materials, and
evaluates the industry’s responses. This is comple-
mented by ten case studies of conflicts involving
the cement multinationals Heidelberg Materials and
Holcim.

Chapter 3 critically examines the cement industry’s
response to its carbon emissions, as thisis the kind
of damage that is most discussed, both by the in-

Introduction

dustry and activists. We scrutinize the industry's
past political and technological measures, as well
as its future roadmaps and communications strat-
egies. With most of the plausible efficiency gains
already won, we find that the cement industry’s fa-
voured techno-fix solution — Carbon Capture, Utili-
zation, and Storage (CCUS) —remains in its infancy
technologically and economically. Moreover, it is
energy-intensive and risky, and will in all likelihood
be deployed at a far too small scale and slow pace to
sufficiently bend the curve of cement emissions in-
ternationally. It cannot be relied upon.

Chapter 4 surveys alternative technological and
social pathways. These are structured along three
different approaches. First, alternative cement pro-
duction technologies are examined, with particular
attention paid to industry newcomers. Second, alter-
native building materials are surveyed, matching the
various use cases of concrete to the feasible alter-
natives. Third, measures to reduce the need for new
construction are outlined, largely based on debates
around sufficiency, and the need for different mod-
els of development in the built environment, which
would allow for a convergence of social justice and
fairness across the Global North and South.

Chapter b then outlines political levers for transfor-
mation on the basis of ongoing struggles surround-
ing the cement industry and the built environment
sector. Adapting a framework developed by Erik Olin
Wright, we classify types of transformative change
as counter-hegemonic, transformative reforms, and
nowtopias, and we discuss several strategies for lo-
cal communities, social movements, workers, and
progressive policy-makers.

In essence, we argue that cement and concrete

use must be directed strictly towards meeting ba-
sic needs worldwide. All non-essential use should
be phased out. The damages caused by cement
and concrete production must be reduced to the
greatest extent possible, and all viable alternatives
to Portland cement and concrete must be pursued —
while remaining attentive to real land use and re-
source constraints.

Endnotes
1 Zalasiewicz etal. 2019: 46.
2 |EA 2020; Krausmann et al. 2018; Wiedenhofer et al. 2021. This number
includes only existing concrete structures. Demolished concrete is coun-
ted separately in the cited statistics under waste and aggregates.
3 UN DESA 2018, 2024.
4 UN 2023: 24,26, 21.
5 Data from Elhacham et al. 2020. Projected after 2015. 17
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1 History and development
of cement and concrete

Concrete is more than a material.
It's about life.
Global Cement and Concrete Association (2025)"

Concrete seems to be everywhere in the world, and
in so many ways modern life appears to depend on
this synthetic “liquid stone”. Yet the costs and dam-
ages of cement and concrete are enormous: not
least, concrete use is a major cause of greenhouse
gas emissions, and a key driver of ecological de-
struction.

The immense ramifications of cement and concrete
are largely related to the colossal quantities in which
these materials are used. Why, then, is concrete so
ubiquitous? How has it come to play such an excep-
tional role in our built environments? \What is the ma-
terial, what are its social and cultural characteristics,
and how can these help us understand its dominant
role in the metabolism of modern societies?

In this chapter, we begin by introducing some basic
terminology, and we outline the basics about what
cement and concrete are (1.1), before looking at their
physical properties and uses (1.2). Next, we look at
the “strengths” of concrete within capitalist moder-
nity, and what we discern to be a distinct “concrete
culture” (1.3). Then, we dive into the specific history
and changing chemistry of cements and concrete
up until the present day (1.4). We examine what the
global cement industry looks like today (1.5). Finally,
we interrogate some prevailing assumptions about
the indispensability of widespread cement use. Spe-
cifically, we interrogate the degree to which cement
and concrete are treated as essential for meeting
the basic needs of the world's poor (1.6). As this
study makes clear, widespread cement use today is
certainly not directed where it is needed most. This
needs to change.

1.1 Cement!
What cement?

Cementis essentially a binder, a glue holding to-
gether other materials with such strength that it can
be used in buildings and infrastructure. Throughout
history (see 1.4) there have been many different mix-
tures used as cement.

Most cement used today is so-called “Portland ce-
ment”: a hydraulic cement produced in large, indus-
trial cement plants. There, a mixture of mostly lime-
stone, clay, and iron ore is heated above 1,450°C

to produce “clinker”, an intermediary product that

is ultimately milled to produce the powerful grey
powder we call cement (see 1.5.1). (Throughout this
study we use the word “cement” to refer specifically
to Portland cement, unless otherwise noted.)

When mixed with water, cement gains its binding
capacity and hardens (“cures”) within one or two
days, gaining further strength over time. The addi-
tion of sand (“fine aggregate”) to the mixture cre-
ates mortar, which can hold together walls of bricks
and rocks.? When gravel (“coarse aggregate”) is in-
corporated into this mix, one can replace the stone
altogether with concrete.® Concrete can be poured
in situ on a construction site, into purpose-built
“formwork” (usually made with timber). It can also
be used to make precast elements. So-called ready-
mix concrete is transported to construction sites in
the form of a liquid slurry, ready to pour. Cement also
has other uses besides the production of mortar and
concrete —for example, it can be used to stabilize
earth constructions (buildings or structures made
largely from soil). However, broadly 70 % of cement
is used for concrete and 30 % for mortar.* (We use
the word concrete to refer to concrete and mortar,
except for where the distinction between these two
materials is important.)
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Figure 1.1: Typical raw material mixes of mortar and concrete by weight.5

Much of the concrete in use today is “reinforced
concrete”, with steel rebar typically placed within
the concrete to provide tensile strength (see 1.2) —
and this hybrid material is the basis of much of the
built environment today.® More broadly, concrete
and steel together comprise the dominant “build-
ing system” globally: when not used together in the
form of reinforced concrete, they frequently appear
side by side — for instance, in the case of building
structures made of steel, which almost always have
concrete foundations, and may also have concrete
elevator shafts and stairways.”

The composition of concrete can be varied, in order
to confer physical strength or other properties. For
example, supplementary materials can be added to
the cement (see 3.2.2), or additives inserted into the
concrete mixture. Still, the vast majority of concrete
is essentially held together by Portland cement.®

1.2 Properties of concrete

Concrete, the final product, has several distinctive
physical properties that make it particularly useful
for the modern construction industry: its strength
and hardness, its plasticity, its wide availability, and
its homogeneity.

Like stone, concrete has high compressive strength.
Once it has hardened, itis capable of withstanding
very large, static, vertical loads, and this makes it
incredibly useful for load-bearing structures, such
as walls, foundations, or vertical columns. Itis also
hard and rigid: comparatively resilient to mechanical
stress, comparatively impervious to water, and an
effective barrier against plants and animals. These
are all useful properties, for instance, when concrete
is used in tunnels, or as paving. Modern forms of hy-
giene have often relied on the hardness of concrete,
and on its relative imperviousness to water. This in-

cludes sewage systems and reservoirs, but there

are millions of smaller-scale examples too, such as
the widespread use of cement flooring to improve
cleanliness.® Like stone, concrete is relatively fire-
proof;'® concrete also has high “thermal mass”,
meaning that it nevertheless very effectively absorbs
and retains heat. Used wisely, concrete is a good
material for stabilizing indoor temperatures through-
out the seasons."" However, it can also be detrimen-
tal, as we can see with the urban heat island effect
(see2.4.1).

Unlike stone, concrete begins as a liquid. Before it
sets, it can be poured and easily molded into any
shape. At least in principle, concrete can be setas a
continuous mass in any dimension (unlike cut stone
or lengths of timber, which are limited in size). It can
be made into straight walls, flat floor panels, cylin-
drical tunnels, or any shape you care to imagine,
more or less. Ease of mixture and speed of action
are also crucial qualities. Huge volumes of concrete
can be poured quickly and the overall pace of work is
fast, meaning that the sheer volume of construction
that can be achieved in a short space of time is high
when compared to more labour-intensive, craft-
based construction practices such as stone mason-
ry, brick laying, and carpentry. Furthermore, con-
crete can still be manipulated while it hardens.?

Moreover, concrete’s almost magical properties are
only enhanced when combined with reinforcement.
Concrete on its own is very strong in compression
(pushing strength), but comparatively weak in ten-
sion (pulling strength).' Reinforcement provides
the tensile strength that concrete lacks on its own,
and concrete and steel combined produce a hybrid
material that is strong and rigid both in compression
and in tension. Like concrete, steel is cheap. The two
materials are at the same time well-matched ther-
mally, since they expand to a similar extent when
heated.™ Itis therefore no surprise that this pairing
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of materials should be so ubiquitous in the built en-
vironment.

Another physical property is that cement and con-
crete are readily available throughout the world. The
main ingredients of both concrete and cement (most
importantly, limestone, sand, and gravel) are widely
and easily available in most countries. In addition, ce-
ment powder is readily transportable, and concrete
can then just be mixed, poured, and cured at normal
ambient temperatures at the construction site. Ce-
ment has freed builders from narrow geographical
constraints, such as the availability or otherwise of
natural stone, wood, and other construction mate-
rials, or the availability of factories and fuel to fire
bricks. Physical availability and “inferior” ingredients
have also made concrete cheap: limestone, sand,
gravel, and water are sourced with little regard for
environmental boundaries and with no economic in-
centive to consider such limits (see 2.2).'°

Lastly, from an engineering perspective, concrete

is uniform, measurable, and predictable. Through
intensive laboratory work and standardization pro-
cesses, cement can be produced consistently
throughout the world, making concrete and its prop-
erties highly quantifiable and controllable when fab-
ricated correctly — factors that provide their own cost
advantages. These characteristics also enable better
risk quantification and lower insurance costs, since
standardized material behaviour reduces uncertainty
about structural performance and potential damage.

1.3 Concrete capitalism and concrete culture

All of the above factors encouraged the widespread
adoption of concrete. And yet, the simple material
“usefulness” of concrete is insufficient to explain
how it became so ubiquitous in the built environ-
ment, and how it became the dominant man-made
material on earth.

Moreover, concrete has significant downsides too,
aside from its environmental impacts. One issue is
that concrete is comparatively heavy in relation to
how much compressive strength it provides; itis al-
most devoid of ductility, causing it to crack easily.’® A
major limitation is concrete’s limited lifespan, espe-
cially when combined with rebar: as we discuss later
(see 2.5.1), most reinforced concrete structures only
last 50 to 70 years, while houses made from stone,
wood, or even Roman concrete can last hundreds of
years.

Above and beyond concrete’s physical properties,
the major reason for its historical success is that it
fits so well into the social metabolism of capitalism,
and the prerogatives of growth-oriented industrial
societies, including the Soviet states in the twentieth
century and China today.

It starts with labour. A concrete pour requires little
accumulated know-how, and can be undertaken by
a comparatively unskilled workforce with only ba-
sic training required. As such, concrete to an extent
neutralized the monopoly on building knowledge
associated with traditional “building crafts” such as
stone masonry, carpentry, and brick laying — work-
forces prone to unionization. When concrete was
mainstreamed, those workers could be replaced by
comparatively unskilled labour —workers who were
easier to hire quickly and just as easy to dismiss
when no longer needed. At the same time, concrete
depended on highly technical expertise off-site:

in the laboratory, the design office, or engineering
firm. This made for a steeper organizational hier-
archy of labour within the construction sector (see
2.6.1)."7

Capitalists and politicians built on these advantages.
\We have noted that cement freed construction from
narrow geographical constraints. However, once
unbound from the autonomy of labour, the mallea-
bility of concrete permitted capital and state to re-
shape the world in their own image, transforming
geographies, landscapes, and cities to best suit the
compulsion to make a profit and accumulate capi-
tal, and to build centres of power. Concrete makes

it possible to construct stable, easily managed, and
largely uniform built environments that are relative-
ly independent of local natural conditions and, at
least until the era of climate change, seemed to sub-
due and hold nature at a distance. Concrete helps
capital and state to construct “abstract space” —a
homogenized, standardized spatial order designed
for calculation, circulation, and control — giving the
built environment “something in common with the
rationality of the factory”.'® This accords with the ev-
er-more insistent creation of “abstract time” by cap-
ital, under the application of fossil fuels.’ And as the
tendency is towards uniformity, these artificial land-
scapes can be made to serve social fragmentation
and hierarchy —one thinks, for instance, of the seg-
regated highways of the Israeli-occupied West Bank
in Palestine (see 2.6.2). They can also be built any-
where on the globe.?° The only limit, when it comes
to concrete, has been the creative imagination of the
investor, statesman, engineer, or designer.



And yet, for concrete to reach this potential, it re-
quired the willing participation of people — those
managing the cement industry, of land owners,
engineers, architects, and politicians. Concrete re-
quired a base of professional advocacy: people who
would press the need to use concrete as the univer-
sal go-to solution, spread the word about concrete'’s
usefulness and desirability, and establish ways of ex-
ternalizing the costs of production and making this
material cheap to deploy.?’

Therefore, the ubiquity of concrete today must be
seen as the product of aggressively pursued eco-
nomic and political interests. Concrete and cement’s
physical properties unto themselves, while seen as
desirable, don't explain how and why these materials
became hegemonic. The era of concrete did not hap-
pen for simple reasons of engineering alone; it was
made by states, by capital, and by professional inter-
ests. Cement industrialists, engineers, and architects
were even called “cement men” in the early twenti-
eth century, due to their role in spreading its gospel.??

Besides the role played by direct economic and pro-
fessional interests, there is also the significant, if
more diffuse, role played by culture: a mesh of val-
ues and mores, of psychology, and of modern “ways
of life” that are the partial result of the ubiquity of
concrete, and that, in turn, demand ever increasing
amounts of concrete to reproduce themselves. The
widespread use of concrete has become normalized
and suffuses the “mentality” of daily life. And this
has led to the emergence of a “concrete culture” in
the world at large, which has shaped our very imagi-
nation about how we might construct, and live with-
in, built environments.2 Most of all, concrete culture
presumes the endless supply of materials, and of
unbounded material possibility.?* With concrete, the
built environment can be extended anywhere, bull-
dozed, redesigned again and again, remade at will
from a tabula rasa, and made disposable. There is
also a widespread desire within modern societies to
seal unruly nature beneath prophylactic hard surfac-
es. This is evidenced primarily in cities, where con-
crete and tarmac are frequently imposed on all cor-
ners of the built environment, leaving no space for
nature to flourish. Over time, such banishments of
nature can come to be seen as normal —even desira-
ble — by subjects who have grown up and learned to
feel at home in concrete societies.

Concrete, it must be said, is beloved by many the
world over for its aesthetic qualities. Le Corbusier’s
Unité d’Habitation apartment building in Marseille
(1947-52) was probably the most influential build-
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ing of the post-war period for architects. It featured
extensive use of precast concrete and of exposed
concrete poured /n situ, openly displaying the wood
grain of its timber formwork molds.?® Concrete today
remains a cherished construction material among
an aesthetic cognoscenti, even as environmental-
ly-conscientious architects are becoming highly crit-
ical of its use.

On the other hand, such aesthetic sentiments are
countered by the hatred that many have for con-
crete — with the material often associated with the
brutal imposition of insensitive materials and with
failures of maintenance and upkeep. In particular
since the 1970s, concrete became a locus of “cul-
ture wars”, a symbol of technocratic arrogance and
alienating modernism, operating on the dimension
of immediate experience and aesthetic sensibility.?6

Concrete culture accelerates the costs and damages
of cement that we highlight in this report, to the ex-
tent thatit reinforces prevailing norms of construc-
tion, and naturalizes the widespread use of concrete.
In the face of those harms, concrete culture in this
sense constitutes an important cultural aspect of

the “imperial mode of living” — wherein intensive re-
source use, high rates of consumption, and ready
mobility in the Global North (and among global elites)
are all enabled by and rely upon the unlimited appro-
priation of resources, exploitation of cheap labour
from the global South, and a disproportionate claim
on global and local ecosystems.?” As such, concrete
culture is one of the key societal hurdles to rebal-
ancing the world economy to meet the needs of the
many. Genuine sustainability demands changing cul-
tural expectations about how the built environment
is formed, with what materials, and for whom.

1.4 The history and
chemistry of cement

The history of cement and concrete is long and fasci-
nating. Cement has accompanied human civilization
for millennia (1.4.1), with the Romans developing an
early form of concrete in the late 3rd to 2nd centu-

ry BCE (1.4.2). Modern, globally replicable Portland
cement was finally developed in the mid-nineteenth
century (1.4.3), with an exponential rise in its use fol-
lowing after 1945 (1.4.4).

While the specific composition of these materials
changed through the ages, its central component
stayed the same: calcium carbonate (CaCQs), most-
ly found in the form of limestone.
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Limestone itself is a result of natural processes, dat-
ing back hundreds of millions of years. The oldest
calcium carbonate (540 million years old or more)

is thought to be of inorganic origin. More recent
limestone deposits, on the other hand, are mostly
the product of corals, sponges, mussels, and oth-

er organisms and microorganisms, which produce
CaCOsto form shells, skeletons, and reefs. As their
remains piled up, so did the limestone.? Like fossil
fuel, limestone is a fossil material —and as with fossil
fuels, limestone stores carbon and COz is released
under combustion. In effect, nature discovered cal-
cium carbonate as a building material millions of
years ago. Man-made cement, mortar, and concrete
build on this natural foundation.

There are extensive limestone deposits around the
world, with limestone covering roughly 10 % of the
Earth’s surface.?® These deposits are fairly evenly
distributed and widely available for mining, when
compared to other minerals. There are, however, ar-
eas with fewer or smaller deposits, or deposits that
are comparatively uneconomical to exploit. For in-
stance, some parts of South America and Sub-Sa-
haran Africa lack readily exploitable sources of lime-
stone. For this reason, some regions (for example, in
West Africa) have historically imported much of the
cement and the clinker that they use.%°

Figure 1.2: The lime cycle3?

When it is exposed to the surface, limestone can
produce geological landscapes called “karst”,
which provide unique hydrological and surface en-
vironments that are home to equally unique eco-
systems. These environments and ecosystems are
significantly threatened by limestone mining (see
2.2.1).

1.4.1 Early cements

The history of cement begins at least 10,000 years
ago, when humans combined burnt limestone and
raw clay to create floor coverings in what is now Tur-
key. This early form of cement was likely the first au-
thentically man-made material synthesized via the
application of heat.3' Since then, lime-based mix-
tures have accompanied the emergence and growth
of societies. While their exact composition and
production processes have differed, the underly-

ing chemistry remains the same, as depicted by the
“lime cycle” in Figure 1.2. First, calcium carbonate
(1) is heated to high temperatures, causing so-called
calcination (2); carbon dioxide is emitted in the pro-
cess of calcination and “quicklime” (CaO) is created
(3). Next, when water is added, a highly exothermic
reaction (4) causes the precipitation of “slaked lime”
(Ca(OH),) (b). This can absorb atmospheric COz2 (6),
creating CaCOs once again, although now with a
somewhat different structure.3?



While modern Portland cements are produced by
burning a mixture of ground limestone, clay, and
other materials together in the kiln, these early ce-
ments (“air-curing limes”) were made by burning
only limestone, with any clay added after firing.
Limestone was burned and calcined to form a pow-
der (2), with the addition of water (4) subsequent-
ly forming lime putty. The addition of sand to the
mix produced lime mortar. Lime mortar was used
throughout different civilizations for wall rendering,
ground hardening, or joining stones. Both lime put-
ties and their derivatives harden in the carbonation
phase (6), which makes them “non-hydraulic.”3*

Though air-curing limes can serve as effective basic
building materials, they have major limitations. They
cannot be used in wet environments. Curing addi-
tionally progresses from the outside inwards, and
can be very slow. To put this in perspective, some
ancient lime-based mortars still remain only partial-
ly carbonated to this day, after many centuries.® Fi-
nally, air-curing limes remain comparatively weak.
Lime mortar does little more than fill in the gaps be-
tween the materials that provide the real structural
strength, such as stone.

Lime mortars and plasters remain in widespread
use across the world today, as an important part of
many traditional building cultures. They are impor-
tantin restoration and “heritage” contexts, and they
are also favoured as a comparatively healthy and
sustainable material compared to modern cement.
Lime mortars are also used as binders to stabilize
earth construction, and to bind together “hemp-
crete” —a non-structural hemp-lime composite (of-
ten called hemplime) (see Chapter 4.2 for more on all
of this).

Figure 1.3: The Pantheon, Rome.
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1.4.2 Roman concrete

The Phoenicians, the Greeks, and most notably the
Romans discovered certain mixes that overcame the
weaknesses of earlier cements.3 Adding siliceous
and aluminous materials, such as clays (before cal-
cination) or pozzolans (after calcination), were the
consistent solution throughout their successful ap-
proaches. These materials were mostly derived from
volcanic sources.?’

The incorporation of siliceous and aluminous materi-
als allows for the creation of “hydraulic limes” (“wa-
terlimes”), which harden through hydration (step
4in Figure 1.2) instead of carbonation. These par-
ticular limes are so strong that they can be used to
bind aggregates into a new kind of rock (concrete),
instead of simply adhering existing stones togeth-
er. While the lime cycle is still the basic underlying
chemistry, the CaO is now combined with silica and
alumina to create calcium silicates and calcium alu-
minates. When water is added to that mix, several
compounds containing Ca(OH), are created, most
importantly hydrated calcium silicates (C-S-H in ce-
ment chemistry notation).38

The Romans were the first widespread users of con-
crete. Roman concrete (“opus caementicium”) was
typically made from lime mortar combined with
volcanic sand or ash, plus stone rubble. The result-
ing concrete structures were stronger than simple
stone or brick walls, their construction was quicker,
and fewer skilled masons were required.® Through
its use in arches, barrel vaults, and other structures,
Roman concrete allowed for an “architectural revo-
lution” that impacted every facet of the built environ-
ment: from aqueducts, bridges, sea walls, military
fortifications, and monuments; to bath houses, mar-
ketplaces, and temples.*®

Source: Left: Mark Cartwright, adapted under CC BY 4.0 licence. https://www.worldhistory.org/image/8297/romes-pantheon/
right: Atibordee Kongprepan, adapted under CC BY-ND 2.0 licence. https://www.flickr.com/photos/atibordee/13995519705/
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Roman concrete was quite different from modern
cement. It was not poured, but laid using trowels,
with the pieces of stone aggregate pressed into the
lime mortar.#! The curing of Roman concrete took
time, and studies have shown that construction was
phased accordingly over several seasons.*?

However, unlike modern concrete structures, which
are vulnerable to quick deterioration, many struc-
tures made of Roman concrete have proven to be
more hardy. For instance, the Colosseum and the
Pantheon in Rome, and the Hagia Sophia in Istanbul,
are still standing today, many centuries after they
were constructed —and all three were built using
Roman concrete. Indeed, the dome of the Pantheon
is the largest ever hemispherical dome builtin unre-
inforced concrete, with an interior diameter of over
40 metres.®®

In large part, the durability of Roman concrete can
be attributed to the omission of rebar, which repre-
sents modern concrete’s Achilles heel (see 2.5.1).
But even unreinforced modern concrete seems to
disintegrate quicker than Roman concrete, a major
riddle that researchers have only recently begun to
explain. Researchers have offered two main expla-
nations for the durability of Roman concrete. The
firstis applicable only to marine structures, such as
sea walls and breakwaters: the ingress of sea water
into these structures, once it came into contact with
the natural pozzolans in the concrete (derived from
volcanic ash), might have added strength.44

The second explanation is applicable to a// struc-
tures made using Roman concrete. It concerns the
mode of manufacture, and the observed presence
in Roman concrete of aggregate-sized lime “clasts”,
bright white lumps previously thought to have been
the product of poor concrete preparation.*® The new
hypothesis is that Roman concrete was in fact pre-
pared through “hot mixing” —with burnt lime mixed
directly with volcanic pozzolans, aggregates, and
water, “instead of, or in addition to” the use of slaked
lime.*8 Present-day experiments demonstrate that
the extra heat produced by the hydration reaction

in these circumstances actually facilitates the gen-
eration of lime clasts, and that it does so via chem-
ical processes that are not possible with the use of
slaked lime on its own.

Moreover, these lime clasts appear to confer supe-
rior “self-healing” capacities. All forms of concrete
tend to form cracks due to environmental changes
or mechanical damage (freeze-thaw cycles, seismic
activity). However, in recreations of Roman con-

crete, those cracks appear to propagate such that
they intersect with the clasts. When water (for in-
stance, rain water) then seeps through the cracks,
the clasts seem to act as dormant repositories of cal-
cium-rich hydrates, and these leach out of the clasts
into the cracks and further strengthen the concrete.
This self-healing process is more pronounced and
effective than in modern concrete.’

Such effective self-healing properties could ex-
plain the impressive resilience of Roman concrete
through the centuries. These properties could theo-
retically be revived today — with the additional bene-
fit that Roman concrete requires lower temperatures
for calcining than modern Portland cement does.*®
The successful techniques that lay behind Roman
concrete were effectively lost, however, over the
subsequent two thousand years.*® In the intervening
period, both air-curing limes and hydraulic limes re-
mained in use in Europe. Even then, knowledge was
fragmented, and compositions varied according to
location.5°

1.4.3 Portland cement

From the eighteenth century onwards, scientists of
building materials in Europe devoted a lot of energy
to understanding the chemistry of cement and con-
crete, in an effort to find superior and industrially rep-
licable alternatives to what was available at the time.

These studies finally culminated in the creation of
Portland cement sometime in the mid-nineteenth
century. Widespread availability of industrial coal
combustion in Western Europe meant that mate-
rials could be burned to temperatures in excess of
1,300°C. With limestone, clay and iron ore com-
bined together in the kiln, they produced a cement
that, once hydrated, created concrete or mortar that
was consistently stronger than the prevailing alter-
natives. The term “Portland cement” was coined
by Joseph Aspdin, in a patent of 1824, because the
hardened material resembled the prized building
stone quarried on the Isle of Portland, a land-tied is-
land off the south coast of England.®

While there now exist a variety of Portland cements,
they are all based on the process depicted in Figure
1.4. A mixture with mostly limestone, clay, sand, and
iron ore is put inside a rotating kiln (1). The mixture is
heated to 750°C (2), and from there to 1,000 °C (3),
at which point the limestone calcines (compare Fig-
ure 1.2, Step 2), and carbon dioxide is released. The
resulting quicklime then reacts with the other mate-
rials at about 1,200-1,450°C to form clinker (4).



This clinker consists primarily of alite (tricalcium
silicate), which lends the final concrete high early
strength. Additional compounds are also present.
Belite (dicalcium silicate) hydrates slowly and is re-
sponsible for long-term strength. Tricalcium alu-
minate and tetracalcium aluminoferrite speed up
the hardening and lower clinkering temperatures
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respectively. Afterwards, gypsum is added to pre-
vent any unwanted rapid (“flash”) setting.5? Aside
from the inevitable emissions from calcination, it
takes high temperatures to make Portland cement;
the corresponding high energy demand and carbon
emissions are the price we pay for Portland cement's
rapid gain in structural strength (see 2.1).

Figure 1.4: Chemical processes within a Portland cement rotary kiln (author’s illustration).53

This wonder material spread rapidly throughout
Western Europe’s emerging “fossil economy”. Port-
land cement advanced true mass construction along
with the development of the modern state and cap-
ital (see 1.3). England, France, and Germany expe-
rienced a notable concrete boom throughout the
second half of the nineteenth century. For instance,
between 1840 and 1860 the ports of Dieppe, Cher-
bourg, Le Havre, and Brest were upgraded with Port-
land cement. Concrete was the basis for new sew-
age systems and subway lines in Paris and London.%

Itis well known that fossil fuels accelerated the pro-
duction of industry and capital — and they were also
intrinsic to the manufacture of cement.®® However,
Portland cement was a comparable “force multipli-
er” inits own right. As outlined above, the physical
affordances of cured concrete (its strength, hard-
ness, and comparative impermeability to water) are
considerable. Combined with ready availability, ease
of mixture, and speed of construction, all of these
physical qualities help to explain why modern con-
crete became so prevalent so quickly in a booming
fossil capitalist economy, permitting the widespread
and rapid construction of buildings, infrastructure,
and assorted capital assets. Moreover, as previously
noted, the advantages it gave capital over labour —in

the production and deployment of cement and con-
crete — offered significant advantages over other ma-
terials. (For more on these factors, see Chapter 2.6.)

The rapidity of construction also brought major ac-
cidents, due to poor quality implementation and
cost-saving measures (see 2.5.1). Widespread
standardization and regulation followed. Indeed,
the German cement standard that was approved in
1878 was the first industrial standard ever, and such
standards quickly spread internationally.5®

A major innovation was steel-reinforced concrete,
introduced in France during the mid-19th century.%”
Further technological advancements followed, such
as the rotary kiln in 1890. Small-scale vertical shaft
kilns were replaced with mechanized and fully elec-
trified “mega-machines” that brought about enor-
mous economies of scale and had to run 24 hours a
day to stay profitable (see 1.5.1). Before the advent
of rotary kilns, long batch cycles prevailed, and Port-
land cement manufacture typically lasted several
days (sometimes up to a week). Today, by contrast,
cement manufacture takes a matter of minutes.5®

Ready-mix concrete —whereby concrete is pro-
duced at a central plant and transported as a slurry
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to the building site — was developed in 1913, while
precast lightweight concrete breeze blocks followed
in the 1930s.%° Engineers pioneered pre-tensioning
and post-tensioning of concrete from the 1920s, as
a way to strengthen single spans of concrete via the
application of compression using steel cables (see
2.5.1). Despite the fact that concrete was increas-
ingly paired with steel, early twentieth century archi-
tects and engineers in the United States habitually
spoke of a new “Cement Age”, eclipsing the previ-
ous “Steel Age”.%0

1.4.4 Global expansion

The post-1945 period saw a dramatic boom in the
use of concrete (see Figure 1.5). Concrete emerged
as the seemingly perfect material to solve the main
challenges of the time: the development of indus-
trial capacity; energy, transport, and sanitation in-
frastructure; and the provision of mass housing and

other civic and commercial buildings. Many other
materials — such as steel, coal, and glass — saw sim-
ilarly dramatic, exponential increases in production
and consumption; however, in absolute scale, the
rise of concrete surpassed everything else by far,
leading the way in the twentieth century’s “great ac-
celeration” in material use.8' Global populations also
expanded rapidly during the post-1945 period, with
steep declines in mortality brought about chiefly by
access to life-saving vaccines and antibiotics, as
well as public health interventions that included im-
proved sanitation infrastructure.®? The proportion of
concrete as a share of all man-made material stocks
quickly rose from 6% in 1900 to 12% in 1945, and fi-
nally 40% in 2023 - representing a higher stock than
any other material (see Figure 1). Today, over 25 bil-
lion tonnes® of concrete are poured globally on an
annual basis — or about 70 million tonnes every day
(see Figure 1.5).64

Figure 1.5: Global production of cement and concrete from 1927 to 2023.%5

Over this timeframe, the cement industry spread
globally, driven by the adoption of a standard model
of industrial development. While the poorest coun-
tries tend to have only minimal cement production
and correspondingly minimal stocks of concrete in
the built environment, production tends to increase
as a function of material and commercial wealth,

such that a country’s per-capita stocks of concrete
track with its level of "development” and the scale of
its industrial and manufacturing output. For instance,
at present Yemen has only very small stocks of con-
crete, whereas the amount of concrete in India is ex-
panding at breakneck speed. Over time, as infrastruc-
ture and housing are built up, the pace of per-capita




concrete stock growth tends to slow down, and the
total per-capita stock level tends to eventually pla-
teau. (For more information about the present per
capita stocks of cement in low-income countries —
and the mismatch in relation to underlying basic
needs —see Chapter 1.5.)

This trend in the development of per-capita con-
crete stocks generally follows an S-shaped curve,
as shown in Figure 1.6. However, the level at which
concrete stocks plateau (“stock saturation”) varies
significantly depending on the country’s material
use patterns. For instance, the United States’ per
capita concrete stocks appear to have plateaued at
a level lower than two-thirds of Germany’s. China’s
per capita concrete stocks have, in all likelihood,
now overtaken those of Germany.®

In some developed countries, cement production
may decline slightly (as currently in Germany). How-
ever, more often than not, cement production re-

1 History and development of cement and concrete

mains robust because new construction still hap-
pens and existing concrete structures are replaced.®’
Moreover, a booming economy often will not use
concrete to meet basic needs, such as the provision
of housing and essential infrastructure. The prevail-
ing model of industrial and land-use development
favours first and foremost the accumulation of capi-
tal (see Chapter 1.6 and Chapter 2.6.3).

As aresult of all this, while Western countries dom-
inated cement production throughout the twenti-
eth century, their share has declined significantly

in recent decades. Today, the cement production

of OECD and EU countries accounts for just 13.1%
of global output. About half of today’s cement pro-
duction instead happens in China (49.8% in 2023),
followed at a great distance by India (10.3 %) and
Vietnam (2.7 %). (This shift is depicted in Figure 1.7.)
Almost all cementis used in its country of manufac-
ture.

Figure 1.6: Per capita concrete stocks from 1950 to 2016.68
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Figure 1.7: Yearly cement production of the currently biggest producers (China, India, and Vietham)
compared to the countries in the OECD and the EU as well as the rest of the world from 1880 to 2023.%°

The tremendous scale of Chinese cement produc-
tion over the last thirty years has been especially
breathtaking. This reached its historic peak in 2014.
China produced and consumed more cement in just
three years (2011-2013) than the United States did
in the entire 20th century: 6.7 billion tonnes versus
4.4 billion tonnes.” Since then, cement production
in China appears to have plateaued and slightly de-
clined, though still remains at an enormous 2 billion
tonnes or more annually, with global cement pro-
duction presently standing at about 4 billion tonnes
perannum.

In the long run, China’s cement production may in-
deed fall further. In recent years, the Chinese state
has been deliberately cooling down the country’s
overheated construction and real estate sectors,
while also trying to reduce and restructure the heavy
debts of local governments, banks, and property de-
velopers.” But a continued push into renewable en-
ergy infrastructure — using concrete for foundations
and other structures — could counter that trend.

Yet, as a result of all of these flows of concrete into
China’s built environment, China now has accumu-
lated more than a third of currently-existing glob-
al concrete stocks, slightly more than that of the
combined countries of the OECD and EU, whose

concrete stocks add up to about 30 %. At the same
time, 42 of the world's least developed countries are
home to around 12 % of the world’s population, but
they collectively possess less than 0.002 % of the
world’s concrete.”?

1.5 Today’s global cement industry

We have explored how cement manufacture is pri-
marily dependent on limestone. Limestone depos-
its are plentiful across the surface of the Earth, and
most countries possess available resources of lime-
stone that can be economically mined. However,
limestone is heavy, and therefore expensive to trans-
port. Cement production is also capital-intensive,
and characterized by very large economies of scale.
These conditions impose certain economic incen-
tives on the physical distribution of cement manu-
facture globally, but also on the political economy
of cement production. In the rest of this chapter, we
survey the general economic characteristics of the
cement manufacturing process and how they influ-
ence the location of cement plants (1.5.1). We then
detail the manufacturing process itself, from quarry
to crusher and beyond (1.5.2). In a dedicated sec-
tion, we take a closer look at the German cement gi-
ant, Heidelberg Materials.




1.5.1 Economic characteristics

The fact that limestone is heavy means that lime-
stone quarries and cement manufacturing will tend
to be located close to one another, with other ingre-
dients besides limestone simply transported to the
same site. As such, cement plants are not often lo-
cated in industrial or urban centres. However, it re-
mains common for cement plants to be situated on
the peripheries of cities. Cement plants are typically
“integrated” facilities; however, “grinding” plants
also exist, with clinker transported to them from
elsewhere for processing.

Capital-intensity and resource-intensity favour the
development of large cement works, with those fa-
cilities preferably serving a significant regional mar-
ket.”? Cement manufacture and distribution requires
good transport links, and ready sources of available
energy.”* Because cement powder still has a com-
paratively low economic value compared to its costs
of transportation, this incentivizes a wide distribu-
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tion of large cement plants wherever this is econom-
ical and profitable, within a given regional market.
Typically, a cement plant can economically supply a
market that extends 100 km by road from the plant,
or 300 km by rail.”® Often, regional oligopolies of ce-
ment producers take shape, with companies largely
shielded from international competition.”® Attempts
to set up cement cartels are a regular feature of the
cement industry — as they have been from its very
startin the nineteenth century.””

International trade in cement does occur, butin
comparatively small volumes — typically just enough
to balance out short-term fluctuations in supply

and demand along heavily trafficked sea routes.’®
Therefore, there is also a tendency towards region-
al vertical integration, with the same large compa-
nies owning limestone mines while also dominating
downstream markets in ready-mix concrete, precast
concrete elements, and associated products.”®

A.O HeidelbergMaterials: A global cement giant

Heidelberg Materials stands as a prime example of the multinational cement companies mentioned
above. We take a closer look at this company, not only because of its exemplary role, but because the
struggles by local communities and activists against this company have inspired the creation of this

report and much of its contents.

Figure A1: Heidelberg Materials headquarters in Heidelberg, Germany.

Source: CCBY-SA 4.0
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pany quickly expanded throughout Germany. Its growth significantly accelerated during the National
Socialist regime, with the state determining that cement was essential to its fascism. Indeed, cement
proved integral to the construction of defensive walls, shelters, barracks, and highways. The post-
World War Il construction boom in West Germany further propelled the company'’s expansion.

Over the decades, Heidelberg Materials transformed from a regional cement producer into a multi-
national giant. Through a series of mergers, acquisitions, and investments, the company first consoli-
dated within Germany, then expanded its operations into France and the United States, and eventual-
ly across the globe.®° Today, Heidelberg Materials operates 130 cement plants and over 600 quarries,
spanning over 50 countries and every continent except South America.®

Heidelberg Materials is now the third-largest cement producer worldwide, trailing only the Swiss mul-
tinational Holcim and the Chinese giant CNBM (see Figure A2). The company'’s operations are highly
vertically integrated, encompassing major steps of the value chain. It not only operates cement plants
but also controls limestone quarries, gravel and sand extraction sites, ready-mix concrete facilities, and
prefabrication businesses. Additionally, Heidelberg Materials maintains a large fleet of trading vessels
and trucks for global transport of raw materials and finished products.8?

Figure A2: Global market share of major cement companies as of January 2024.83

The sheer scale of Heidelberg Materials’ operations generates substantial profits, much of which flows
back to Europe. Ludwig Merckle, the company’s largest shareholder with a 27 % stake, is among the
richest people on Earth, with a net worth of USD 12 billion.8* But while profits have accumulated, so too
have the damages this giant produces.

Across the following case studies, we trace the resistance of communities and activists confronting the
destructive operations of Heidelberg Materials and its subsidiaries worldwide. We have also included
case studies on its largest European rival, Holcim, to highlight additional dynamics not fully reflected in

the struggles against Heidelberg Materials known to us.

Although there is price competition across regions,
the homogeneity of the product means that brand
names have little importance. Customers generally
favour buying from the nearest cement plant, but if
prices there are too high, they readily switch to oth-
er producers based simply on cost — provided that
onward transport costs are not too high.8® As noted,
the geographical distribution of cement production
essentially follows the distribution of economic de-
mand. Economic demand for cement, meanwhile,
comes from construction. This means, finally, that
the scale and extent of cement manufacture is typ-
ically driven, to a significant extent, by speculative
swings in the construction industry.®® “Bottlenecks”

in the supply of cement in emerging countries are a
common feature of the industry, as is overcapacity
after the end of a construction boom.#”

As a result, while the market for cement is still most-
ly dominated by national companies, multinational
cement producers have nevertheless increasingly
emerged — active across several regions globally,
and more adept at buffering regional fluctuations in
profits and losses. Such multinationals will, moreo-
ver, often transport cement between entire regions
in fleets of boats, in order to balance out shifts in
economic demand.




Figure 1.8: Global distribution of cement plants.

Source: Tkachenko et al. (2023), adapted under CC BY 4.0 licence

1.5.2 The cement manufacturing process
Because limestone is heavy and thus expensive to
transport, most cement production is located near
limestone quarries. Figure 1.9 shows the different
stages of cement and concrete production for a typ-
ical integrated facility, from limestone quarry to con-
crete mixer. Below, we explain each step in the man-
ufacturing process.

Step 1: The limestone quarry

When itis mined, limestone is drilled, excavated, or
(most of the time) blasted out of the earth using ex-
plosives.®®

Step 2: The crusher

Mined limestone is loaded onto conveyor belts,
trucks, or cable cars for transport to the nearby
crusher and cement plant.

Modern Portland cement also requires siliceous ma-
terials (such as clay), along with further minerals
(such as aluminium and iron oxide). Some of these
may already be presentin the limestone; others may
need to be manually added to the mix. Supplemen-
tary cementitious materials (SCMs) may also be
combined with the limestone at this stage to confer
specific physical properties and produce non-Port-
land cements.

The additional ingredients are either mined near-

by or transported to the crushing site, and they are
combined with the limestone in a closely calculated
way, since the precise proportions of the ingredients
determine the physical properties of the final cement
(setting speed, strength, durability, etc.).
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Step 3: The kiln

The central componentin an integrated cement
plantis the kiln, a modern “megamachine” that
needs to run around the clock to stay profitable.®°
Different kinds of heating processes and kilns ex-
ist; however, the dominant variety in use nowadays
is the dry process rotary kiln. This is partitioned into
three main stages: a preheater tower, a precalciner
tower, and the rotary kiln itself. The preheater tow-
er heats the crushed raw materials using exhaust
gases from the main kiln; the precalciner tower then
brings the temperature of the raw materials up to
1000°C, which causes the CaCOs to break down into
calcium oxide (CaQ) and carbon dioxide (COz). Final-
ly, the heated materials enter the end of the rotary
kiln, reaching temperatures of over 1400 °C as they
get closer to the combustion flame.

To reach these incredible temperatures, large
amounts of fossil fuels or waste materials (see 3.2.3)
are burned every day, leading to huge CO2 emissions
(see 2.1). Butonly in this incredibly hot environment
can the calcareous, silicious, aluminous, and ferrous
materials from the raw materials form the final prod-
uct: semi-fused pellets of clinker.

Step 4. The mill

In the final stage of cement production, the clinker
is fed into a finishing mill, where it is ground down
into the fine powder we know as cement. (As above,
grinding plants only contain this final step and im-
port clinker from elsewhere.)

At this stage, more raw materials are added, such as
gypsum or supplementary materials. 5% of the final 31
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Figure 1.9: lllustration of the modern cement
manufacturing process (authors' illustration).
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mix of Portland cement is normally gypsum, and this
prevents unwanted rapid (“flash”) setting. Adding
raw limestone reduces the mass of clinker that is re-
quired for a given mass of cement. Supplementary
cementitious materials such as fly ash, blast furnace
slag, and natural pozzolans are also added at this
stage (see 3.2.2).

Step 5: The concrete mixer

Lastly, the cement powder exits the factory eitherin
trucks orin bags. It will be mixed with water, sand,
and gravel to make concrete, and this can take place
either on site, within a prefabrication factory, orin a
ready-mix concrete plant, with the ready-mix con-
crete transported onwards via truck.

1.6 How essential is cement?
Is it meeting basic needs?

Rising cement demand is often portrayed as an in-
evitable consequence of modern social progress.
As discussedin 1.4.4, historical cement production
has been observed to correlate with a country’s eco-
nomic “development” —and this pattern can readily
be projected onto the future as well. For instance,
the International Energy Agency (IEA) predicts that
cement production will remain constant in the com-
ing decades, while the World Economic Forum
(WEF) even forecasts a 45% increase in demand by
2050, driven by “societal needs and urbanization”.%!

=
Sand, Gravel, Water — — —

Such predictions are often coupled with questiona-
ble claims about where such development is need-
ed. A more basic question is rarely asked: Whose
needs are actually being met?

The scale of unmet needs is indeed vast. About one
quarter of the world's urban population — 1.1 billion
people — presently live in slums or otherwise inad-
equate housing. Two billion people lack access to
safe drinking water; 3.5 billion people lack adequate
sanitation; and 700 million people lack access to
electricity. One in four primary schools worldwide
still have no access to basic utilities.?? Most of these
unmet needs are concentrated in Sub-Saharan Afri-
ca and India.

Meanwhile, forecast population growth broadly
corresponds to areas of greatest existing unmet
needs —concentrated in India, Pakistan, Nigeria, and
the Democratic Republic of Congo (DRC).%3 The com-
bined population of these four countries alone is ex-
pected to grow by almost 600 million people between
now and 2050. Population growth combined with
rapid urbanization will meanwhile add at least 1.9 bil-
lion additional people to cities by 2050.%4 By contrast,
the population of the United States is estimated to
grow by around 35 million, while China’s population
is predicted to shrink by around 160 million.%®

And yet, a 2017 study commissioned by the G7
group of nations — still widely cited in UN environ-



mental and development reports — claims that the
largest shares of “future investment needs” for sus-
tainable infrastructure are in China and the United
States.% Such claims reveal how perceived “invest-
ment need” often reflects purchasing power and
capital interests, rather than basic social necessity.

To understand future cement demand, we must dis-
tinguish economic demand from social need. And we
must understand that much of what currently drives
production — speculative real estate, luxury retalil,
and other forms of what we call “bullshit construc-
tion” (see 2.6.3) — does little to meet genuine human
requirements. With the term “bullshit construction”
we adapt David Graeber’s notion of “bullshit jobs,”
which he used to describe forms of work that per-
sist despite being socially “pointless and unneces-
sary” or even harmful.¥In a similar way, “bullshit
construction” refers to building activity that absorbs
vast amounts of labour, capital, and materials while
contributing little to collective wellbeing. Itis the
construction of new infrastructures that serve spec-
ulative, luxury, or otherwise non-essential purposes
instead of meeting basic social needs. “Bullshit dem-
olition,” correspondingly, refers to demolition that
takes place not because a building is unsafe, unusa-
ble, or socially obsolete, but because clearing a site
promises higher economic returns, aesthetic mar-
keting advantages, or short-term profit, regardless
of social or environmental loss. Too much of contem-
porary construction is driven by these mechanisms —
and thus fails to improve lives; it also deepens ine-
quality and locks societies into resource-intensive
infrastructures that promote car dependency and
other forms of excessive material consumption.

We focus instead on the scale and distribution of ba-
sic needs that remain unmet or are likely to emerge
in the coming decades. We focus also on how ce-
ment and concrete may help to meet those basic
needs — but also, when and how these materials
might be replaced with others. Our approach en-
tails considering not only alternative materials, but
also alternative models of provisioning and develop-
ing. Above all, we think that material consumption
should be focused where it is needed the most.

The idea of basic human needs has been widely dis-
cussed by those who study and advocate for human
development, climate change mitigation, and just
transitions.®® Crucially, human needs are considered
to be “non-substitutable, satiable, cross-generation-
al and universal”. We have cited some of the most
important basic needs above — housing, access to
safe drinking water, sanitation, and access to elec-

1 History and development of cement and concrete

tricity. Many basic needs are upheld and codified in
international law.® They are also at the core of the
UN’s Sustainable Development Goals (SDG) frame-
work.100

Approaches to satisfying needs will vary across
different historical, geographical, and political con-
texts. For instance, sanitation in a modern city re-
quires different kinds of infrastructure than sanita-
tion in rural areas; mobility can follow a mass transit
model, or it can entrench widespread car use. The
provision of services to meet basic needs can be,
and frequently is, informed by modern science and
engineering — but such knowledge should addition-
ally be shaped by ethical and cultural traditions, and
by socio-political institutions and struggles.'" In ad-
dition, poverty and deprivation prevent communities
from advocating for their own needs.'%?

Figure 1.10: The direct and indirect
importance of cement for social foundations
(authors' illustration).'3 The ecological
ceilings will be assessed in chapter 2.7.
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We draw from Kate Raworth’s so-called Doughnut
Economics model, which advances twelve funda-
mental needs considered central to human well-be-
ing, based on the UN'’s Sustainable Development
Goals (SDGs) (see Figure 1.10). Together, these basic
needs represent a social foundation and provide the
minimum conditions considered necessary for a just
and livable society.' Among these social founda-
tions, three stand out as being particularly cement-
intensive: housing, water and sanitation, and energy.
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As above, these basic needs remain unmet for bil-
lions of people worldwide. Figure 1.11 provides a
rough estimate of the present scale of unmet needs
(colored in salmon pink). These disparities are ex-
pected to grow further due to continuing population

growth, primarily in urban areas (depicted inred in
Figure 1.11). Other essential needs could also be in-
cluded here, such as renewable energy deployment
and climate crisis adaptation.

Figure 1.11: Scale of unmet needs in 2024, plus additional needs until 205015

Itis worth pausing to recognize the sheer scale of

all of these unmet and future needs. By 2050, an ad-
ditional 3.5 billion people will require safe drinking
water —over 40 % of today's global population. Five
billion people will need adequate sanitation —more
than 60% of the 2024 population. And a further

2.2 billion people require electricity by 2050, if every-
one is to have access to electricity — over a quarter of
the world’s population in 2024.1%

The three central questions are: How should needs
be met? Does meeting basic needs require cement?
If it does, can cement use be reconciled with all of its
costs and damages?

A recent study estimated that meeting the four basic
needs listed above — using current concrete-based
construction methods — has historically correlated
with an average cement stock of 8 tonnes per cap-
ita." That is, an average of 8 tonnes of cement per
person, deployed in the built environment, has been

deemed adequate to provide a sufficient level of ac-
cess to basic surfaces in these four domains: urban
housing, safe drinking water, sanitation, and access
to electricity. If 8 tonnes of cement per person were
to be deployed starting now, and targeted so as to
meet present and future gaps in provision, then this
would require substantial new cement output to be
developed in all low-income and lower-middle-in-
come countries.

The challenge is compounded by the mismatch
between where needs are the most pressing and
where cement is currently produced. The regions
with the most urgent requirements for housing,
water infrastructure, and energy access — particu-
larly in Sub-Saharan Africa —account for only about
3% of global cement production capacity.'® India
/s already a major centre of construction —however,
construction in India appears to be very poorly
targeted with respect to basic needs (see examples
of “bullshit construction” in 2.6.3)."%°




Meeting basic needs therefore requires that glob-

al cement output be rebalanced towards regions of
greatest needs —and that within those regions, the
production and consumption of cement is directed to
where it is needed most. Our preliminary modelling
suggests that, if capacities were ramped up starting
tomorrow, the world’s low-income and lower-mid-
dle-income countries would require a peak collective
cement output of perhaps 1.5 billion tonnes per year
of cement in the mid 2030s - roughly 40 % of current
world production.® Production could then decline
once sufficient per capita stock levels of concrete
were reached, and once basic needs were met. Were
significant volumes instead diverted to non-essen-
tial uses such as luxury housing, overall production
would need to be even higher.

This outlook is undoubtedly daunting, but it must be
placed into perspective. First, as noted above, the po-
tential need for cement is significantly fower than cur-
rent global production of 4.1 billion tonnes per year
(see Figure 1.5). This indicates substantial potential to
reduce and redirect cement production from non-es-
sential to essential uses (see 4.3.1). Second, these
projections assume conventional concrete-based
construction. While concrete may remain indispensa-
ble for certain applications, alternatives already exist
for many others —and in some cases, they are not only
feasible but preferable (see 4.2).

With these considerations in mind, the following
chapter examines the damages caused by the ce-
ment industry, and the measures proposed by the
industry itself to address them.
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2 Costs and damages of
cement and concrete

The substantial growth of the cement and concrete
industry has brought with it extensive costs and
damages around the world. These encompass not
only direct economic costs, but also the vast social,
ecological, and cultural “hidden costs” that are ex-
ternalized onto workers, communities, ecosystems,
and future generations. Within this chapter, we first
examine the damages caused by production, includ-
ing the effects on the climate crisis (2.1), on biodi-
versity (2.2), and on air quality (2.3). We then look at
the costs created by concrete’s end use, including
how cities have been left vulnerable to heating up,
sinking, and being sealed off (2.4); how concrete
has led to short-lived buildings and massive waste
streams (2.5); and how its use is quite literally ce-
menting power and inequality (2.6). Finally, we place
these damages in the context of planetary bounda-
ries (2.7).

To further illustrate these damages, this chapter also
includes several case studies of conflicts caused by
two industry giants: Heidelberg Materials and Hol-
cim. While most of these conflicts are local in scope
and focus, some have made global headlines, such
as the struggle of Indonesian farmers, the legal bat-

tles of Pacific islanders, and the actions of climate
activists in Sweden and France. Together, these cas-
es reveal the full scope of cement’s environmental
and social costs across the globe.

2.1 Aclimatekiller

Globally, cement production is a major cause of
greenhouse gas emissions, responsible for 7-8 %
of all the CO, emissions from fossil fuel combus-
tion and industry, or about 5% of total greenhouse
gas emissions. Emissions from the cement industry
exceed those of aviation by a factor of three. Other
sources along the production line of concrete, like
the extraction of gravel, add a further 1% of global
greenhouse gas emissions.”

In comparison to other modern construction mate-
rials, the emissions per kilogramme of final material
are not especially high for cement or for concrete.
Crucially, itis the sheer scale at which concrete is
used that creates a problem, and that scale has risen
precipitously over the last few decades (described in
Chapter 1.4.4). Still, while cement production rose

Figure 2.1: The cement and concrete industry’s value chain with corresponding damages

(authors' illustration).
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four-fold from 1990 to 2020, the resulting emissions
rose only about three-fold during this time. Thisis a
product of efficiency gains in production (see 3.2).2
Yet the relative share of cement emissions in total
COz emissions globally has itself been steadily in-
creasing from 4.2 % of all CO2 emissions from fossil
fuels and industry in 1990 to almost 8% in 2022.3

Without radical decarbonization measures in this
sector, the industry will continue to play a disastrous
role in fuelling the climate crisis. On their own, the
world’s existing cement production facilities are on

track to consuming nearly a third of the world's re-
maining global carbon budget from 2026 onwards —
if the world is to remain within 1.5°C of warming.*

To grasp the challenge posed by the industry’s CO2
emissions, we will first take a look at how these
emissions come about (2.1.1) and how deeply the
cement industry and the fossil fuel industry are inter-
twined (2.1.2). We then move on to discuss how the
final concrete reabsorbs some CO2 and whether it
makes a significantimpact or not (2.1.3).

Figure 2.2: The CO:2 emitted per year through cement and concrete production from 1940 to 2023.5

2.1.1 The source of emissions

What is the origin of these enormous emissions? Ba-
sically, just two aspects of the production process
are responsible for the vast majority of them, and
both happen directly within the kiln: calcination and
fuel combustion.

The main source of emissions is the central chemical
reaction of cement manufacture, called calcination.
This happens when the fossil material of limestone
is split, turning it into quicklime, so that it can act as
a binder (see 1.4.1). The COz previously captured
within the limestone is set free, resulting in so-called
“process emissions” —that is, emissions that are not
released through burning fossil fuels, but created
instead through the process of a simple chemical re-
action: CaCQOs = CaO + COz.

Through this chemical reaction alone, nearly half
atonne of CO2 will be produced for every tonne of
limestone put into the kiln. And with the limestone as
the main input, this adds up to about 370 kg of CO2

per tonne of cement.® These process emissions com-
prise about 60 % of cement industry emissions and
cannot be avoided in any cement production based
on limestone.”

The second main source of cement emissions is fossil
fuel combustion. The production of Portland clinker re-
quires intense heat in the kiln — 900 °C for the calcina-
tion to happen and then over 1400 °C for the formation
of the final clinker (see 1.4.3). This amount of heat can-
not easily be provided with electric kilns or hydrogen
(see 3.2.3), so the industry depends on fossil fuels,
mostly coal. Fossil fuel combustion emissions add an-
other 210 kg of COz2 per tonne of cement produced.®

On top of the process emissions and combustion
emissions, finally we come to the other energy-based
emissions that derive from electricity use along the
production chain, especially from the milling of the
raw materials and clinker. These add approximately
another 50 kg of CO2 for every tonne of cement pro-
duced.
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Figure 2.3: Kilograms of CO2 emitted for every tonne of cement during its

production and its final use in concrete.®

While these other energy-based emissions are in
theory easy to curb with green electricity, both pro-
cess emissions and combustion emissions are
currently an inevitable part of Portland cement
manufacture. Eradicating those emissions would
necessitate an entirely different chemistry, including
an entirely different material process, than the one
that presently dominates the cement industry (see
4.1).

The global concrete industry’s emissions add up to
around 2,600 million tonnes (2,600 Mt) of COz2, an-
nually.’® This surpasses the total emissions of every
single country except for China and the United
States.” Even the CO2 emissions of single cement
companies on their own are comparable to the emis-
sions of whole countries. For example, the transna-
tionally operating cement giant Holcim has a carbon
footprint — which is the result of its combined global
facilities — several times larger than its home country
of Switzerland.?

Figure 2.4: COz emissions of Holcim and Heidelberg Materials in 2024 compared to the emissions
of several countries (Netherlands, Belgium, Romania, Libya, Austria and Switzerland) in 2023."3
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A.1 Case study:Bringingthe giantto court

Figure A3: The Indonesian island of Pari lies just above sea level.

Courtesy of zvg. Used with permission.
https://callforclimatejustice.org/en/media/

Figure A4: The 37-year-old plaintiff Edi earns a living from fishing and
renting out rooms to guests.

Courtesy of Abdul Baits. Used with permission.
https://callforclimatejustice.org/en/media/

Pariis a small Indonesian island, the highest point of which is just 1.5 metres above sea level. Its 1500
inhabitants will be severely impacted by climate change through flooding and severe weather, as well
as the possible loss of the whole island. In a new move, in January 2023 four residents filed a civil suit
against the Swiss cement major, Holcim, in Switzerland's courts, with the help of several European
NGOs. They argued that the company must be held responsible for its CO2 emissions, since Holcim has
known about the consequences of its own greenhouse gas emissions for 30 years but has neverthe-
less permitted the scale of its emissions to increase over this timeframe. In the court case, which is still
ongoing, the plaintiffs demand that Switzerland enforce a significant reduction in Holcim’s CO2 emis-
sions, globally, provide money for flood protection measures, and provide compensation for the costs
and damages incurred on the island.™




These emissions have been steadily increasing.
Annual emissions from OECD and EU countries
increased through the 1970s and have remained
relatively constant since then. China now accounts
for the lion's share, responsible for about half of all
cement industry emissions since the 2010s. Even
cumulatively, China has caught up, and both China'’s
cement industry and that of the old industrial coun-
tries combined have each emitted over 28 billion
tonnes of CO2 in the course of their history, with
cement production from all other countries com-
bined responsible for another 24 billion tonnes.’™
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Given the growth rates of the cementindustry in
developing countries throughout sub-Saharan Afri-
ca, Southeast Asia, and South Asia, emissions from
these regions will also likely play an increasingly im-
portant role in the future. New cement plants are be-
ing built at a massive pace in these regions, poten-
tially locking in additional emissions. This expansion
is particularly concerning given that existing cement
production facilities alone are projected to consume
more than a quarter of the world's remaining 1.5°C
carbon budget on a business-as-usual basis.'®

Figure 2.5: Share of China and of the OECD+EU countries of yearly global CO2 emissions from

cement production from 1940 to 2023."

2.1.2 The fossil-fuel-cement-growth complex
The history of cement is bound up with the rise of
fossil fuels, and both are central to processes of in-
dustrial growth and capitalist expansion. Wherever
capital flows, concrete flows too, and the construc-
tion industry is at the heart of all major development
and growth projects, from the New Deal’s Hoover
Dam to proposed Green New Deal green infrastruc-
tures. Concrete provides the ground and material for
capitalist accumulation. As argued recently by so-
cial historian Travis J. Cook, we live in the “Second
Stone Age"”: “The lifeblood of the modern world may
very well be fossil fuels and the veins made of steel,
but the body is of concrete. The modern stone is the
most intensively utilized solid material on earth” .8

The creation and historical growth of Portland ce-
ment was only made possible through the extensive
use of coal from the nineteenth century onwards.
This cheap source of energy created the enormous
heat necessary in the kilns for burning limestone,
later complemented by other fossil resources such
as oil, gas, and more recently, plastic waste. On

the other hand, most fossil fuel infrastructure relies
heavily on concrete, namely power plants, roads,
and offshore platforms. Together, fossil fuels and ce-
ment radically transformed modern societies, creat-
ing “fossil civilizations” deeply dependent on fossil
fuels and fossil material —a.k.a., limestone."
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The production processes of fossil fuels and cement
remain deeply intertwined, so much so that the
cementindustry’s measures to salvage COz are to

a great extent dependent on the fossil fuel industry.
Examples include the use of fly ash as a byproduct
from coal plants, and the role of the fossil fuel indus-
try in developing carbon capture and storage infra-

structures —initially to more effectively extract oil
(see 3.1.3). This deep reliance becomes clear when
examining how much CO2 must be emitted for
every USD of revenue. At nearly 7 kg per USD,

the cement industry lies far ahead of the second-
highest emitter: the iron and steel industry

(see Figure 2.6).

Figure 2.6: Kg of CO2 emissions per USD of revenue of different industries compared in 2017.2°

It's no surprise that the cement and fossil fuel in-
dustries are in a dance of mutual dependency when
it comes to the end-uses of their products. Vehicle
infrastructures are a case in point. Throughout the
industrial world in the post-war period, the motor
car and fossil fuel industries lobbied successfully to
displace the development of mass transit in favour
of the automobile. Concrete made highways and
car-dependent suburbs a reality at scale. The mass
congestion it caused then created demand for more
roads, which again accelerated the expansion of car
traffic and cement use.

While the emissions from the fossil fuel industry are
at the centre of public discussions about decarbon-
ization, and while they've been the object of pro-
tests for a long time, the cement industry has large-
ly avoided the same kind of scrutiny. The industry
has been able to do so precisely because cement

is everywhere yet rarely seen: it disappears into the
built environment, becomes part of the background
of daily life, and is perceived as a neutral, technical
and necessary material rather than environmen-
tally problematic and potentially contentious. Its
pollution is diffuse, complex and mediated, and it
lacks the clear villains and widely visible disasters
associated with oil spills, pipelines, or refineries. As
a result, the cement sector has remained an infra-
structural blind spot — structurally essential, environ-
mentally destructive, but politically invisible.

A.2 Casestudy:Defending
the Earthagainst Holcim

Figure A5: A Holcim concrete plant
blocked by Extinction Rebellion activists.

Source: Courtesy of Extinction Rebellion. Used with permission.

Holcim's quarries and production sites have
been increasingly targeted by environmen-
tal and climate activists over the last five
years. Actions have included those by Ex-
tinction Rebellion, as well as several smaller
grassroots groups like the French group Les
Soulevements de la Terre (Earth Uprisings).
Les Soulevements de la Terre's actions have




included the occupation of quarries, such as
their “ZAD de la Colline de Mormont” occu-
pation, as well as blockades.?' The most at-
tention-grabbing action was arguably when
200 activists invaded Holcim's cement factory
in Bouc-Bel-Air, and sabotaged the plant by de-
stroying machinery and electrical equipment.??
Les Soulévements de la Terre justified their
actions as responses to Holcim’s ongoing en-
vironmental destruction and air pollution, but
also their central role in land sealing.?

2.1.3 Concrete as a carbon sink?

The so-called “sponge effect” of cement must be
mentioned in this discussion. Once the material has
hardened, atmospheric CO2 enters the pore struc-
ture of concrete. In the presence of water, it then dis-
solves to form carbonate ions and consequently cal-
cite (CaCQs). As such, concrete gradually absorbs
atmospheric COz, as it progresses along the lime
cycle (see 1.4.1). This sponge effect, called carbon-
ation, is an inherent part of the cement curing pro-
cess.?*
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Carbonation theoretically has the potential to fully
recapture all of the “process” COz2 emissions from
cement production, so the cement industry has
been very keen in recent years to champion car-
bonation —arguing that it significantly reduces the
industry’s negative impact on climate change (see
3.3.1). Indeed, it is true that cement and concrete
structures can function as a carbon sink, as can
demolition waste.?®

In reality, under normal conditions carbonation is a
very slow process: it happens over the course of dec-
ades (or even centuries), in contrast to the sudden
release of process emissions during the manufacture
of cement. Over 50 years a typical concrete struc-
ture will reabsorb merely 6 % of the total CO2 emis-
sions (12 % of the process CO2 emissions) emitted

in its production.? Only a small portion of the built
concrete carbonates at a time, and surface coatings
such as paint reduce that process even further.?’
Only when a structure is demolished are suitably
large amounts of concrete exposed to atmospheric
COz2, and an additional 16 % of the total CO2 emis-
sions (30 % of the process CO2 emissions) can be re-
absorbed. However, further emissions are also likely
to be incurred within the demolition process itself.?

Figure 2.7: Yearly COz absorbed through carbonation compared to the CO2 emitted

by the industry from 1931 to 2020.2°
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Plainly, the carbonation sponge can never catch up
with the emissions from calcination, unless the scale
of cement manufacture plummets globally, or tech-
nological measures to enhance the speed of carbon-
ation are employed at scale (see 3.3).%% In the current
reality, neither of those things are happening. Just
800 million tonnes (800 Mt) of COz are currently re-
absorbed each year through the carbonation of all of
the world’s stock of concrete that has been builtin
the past. This is equivalent to only about one quarter
of all concrete-related emissions that are produced
annually (see figure 2.7).31

Moreover, carbonation can come with dire structural
consequences for buildings and infrastructure, since
it can strip cement of its physical integrity, causing
cracks and the corrosion of steel rebar inside rein-
forced concrete. Carbonation is one of the principal
reasons for the short lifespan of modern concrete
buildings and infrastructure (see 2.5.1). About 40%
of corrosion damage in the United States is said to
be due to carbonation, adding up to estimated dam-
ages of over USD 100 billion per year.32 If buildings
and infrastructure fall down or are demolished on
account of structural damage, then they also need
to be rebuilt, most likely with new cement and con-
crete.

Ultimately, the extent of carbonation’s utility should
be viewed in relation to the immense scale of histori-
cal cement-induced emissions. While concrete does

gradually reabsorb a fraction of the COz2 released
during its production, this process merely reflects —
rather than compensates for — the industry’s cumu-
lative carbon footprint. The industry as such remains
a major contributor to the climate crisis. Possible
measures to reduce its impact are discussed further
in Chapters 3and 4.

2.2 Ecological destruction

Concrete production devours more resources than
any other production process and is the single big-
gest “commodity frontier” of modern capitalism,
leading to detrimental ecological impacts.33

The main ingredient of cement, limestone, is mined
in vast quantities: at least 3 billion tonnes per year.
More importantly, the mining of sand and gravel for
concrete production has now reached about 20 bil-
lion tonnes annually, surpassing even the scale of
fossil fuel extraction (see Figure 2.8).34 Further re-
sources are also extracted at astounding rates for
the sake of cement and concrete production —for
example, gypsum (200 million tonnes) and water

(2 billion tonnes).3® Simply taken on their own, lime-
stone, sand, and gravel extraction for cement and
concrete —due to the sheer scale of production —
bring gargantuan damages to ecosystems and com-
munities.

Figure 2.8: Yearly global production of sand and gravel for concrete production, as well
as limestone for cement production from 1970 to 2020, compared to fossil fuels.2®




Grasping these impacts on a global scale is a diffi-
cult challenge, since the extraction of these minerals
is decentralized compared to (for instance) the ex-
traction of most metal ores. On average, sand, grav-
el, and limestone quarries are much smaller than, for
example, gold or tin mines, since limestone, sand,
and gravel are more widely available and easier to
mine.%” Especially in countries in which extraction is
largely unregulated, data on its impacts are scarce.®®
One international research team estimated conserv-
atively that at least 24,000 animal and plant species
are threatened globally due to damage caused to
ecosystems by sand, gravel, and limestone extrac-
tion. The main causes of these damages are ex-
plained below.%®

In such ways, cement and concrete production play
avery large role in driving today's terrible pace of
species loss . For at least some groups of species,
the current speed and scale of regional population
decline and global extinction are at levels unseen at
any other time since the last mass extinction event
(the extinction of the non-avian dinosaurs), some
66 million years ago. Whereas previous periods of
such large-scale species loss were caused by vol-
canic or cosmic events, today's is propelled by in-
dustrial extraction, habitat destruction, and climate
change. The mining of limestone, sand, and gravel
for concrete lies at the heart of this process, eroding

Figure 2.9: Karst area in Guilin, China.

Source: xiquinhosilva, adapted under CC BY 2.0 licence.
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These damaging impacts are illustrated by a clos-
er look at the extraction of limestone (2.2.1) as well
as sand and gravel (2.2.2), which is then contrasted
with the measures taken by the industry to address
these issues (2.2.3).

2.2.1 Destruction from limestone mining
Limestone is extensively distributed throughout the
globe, covering approximately 10% of the Earth’s
surface. Since limestone dissolves easily — for exam-
ple, when coming into contact with rainwater con-
taining COz — it creates complex water systems with
equally complex environments. These sophisticated
terrains are called karst areas. They include caves,
sinkholes, unique rock formations, and underground
rivers (see Figures 2.9, 2.10).4

Karst environments are home to an enormous va-
riety of species, including rare and at-risk plant and
animal species occupying sometimes very small
geographical areas, both on the surface and under-
ground.® Additionally, karst water systems provide
about a quarter of the global population with fresh-
water; rainwater infiltrates the porous limestone and
is stored within extensive underground aquifers be-
fore emerging at springs and wells.*

https://commons.wikimedia.org/wiki/File:Li_River_Cruise_87220-Li-River_(49040257503).jpg

45



2 Costs and damages of cement and concrete

Figure 2.10: Typical features of a well-developed karst terrain.

Source: Courtesy of James C. Currens, University of Kentucky, Kentucky Geological Survey. Used with permission.

Karst ecosystems can be severely damaged from the landscape and impact ecosystems far and wide
the moment a quarry is set up, as vegetation and fer-  through shock-waves and vibrations. They disturb
tile soil, which took thousands of years to naturally nesting sites, cause permanent hearing loss to ani-
build up, are eliminated within hours. Over decades, mals, and even collapse underground caves.*

the drilling, excavating, and blasting severely alter

Figure 2.11: Former limestone quarry of Heidelberg Materials in Santa Clara County, California.

46 Source: Dicklyon, adapted under CC BY-SA 4.0 licence. https://commons.wikimedia.org/wiki/File:Permanente_Quarry_aerial.jpg



Quarries impact karst water systems in a similar
manner. They lead to damages that, again, spread
far and wide beyond the quarrying site — often in un-
predictable ways. Water streams can get redirected
oreven go dry, either because the quarry impacts
underground flows or because water can no longer
infiltrate the ground as easily once the topsoil is re-
moved. Aquifers retaining water in wet seasons and
releasing itin dry seasons can be impacted, making
the water flows more unpredictable. Sinkholes can
suddenly open up in the areas around a quarry, due
to depressed groundwater levels.*

The overall quality of fresh water can also be degrad-
ed for a variety of reasons. Karst areas are excellent
water storage reservoirs, yet limestone itself lacks
water filtering properties. Once protective soils are
removed through quarrying, pollutants can more
easily find their way into the groundwater. Dust from
quarrying can be washed into sinkholes and fissures,
affecting water chemistry; it may also clog infiltra-
tion channels.#¢ Qil spills from mining activities can
also penetrate the soil and the aquifers beneath.#
These harms too can spread far from the quarry site,
since water streams travel great distances across bi-
oregions and human settlements. Impacts such as
these, brought about by limestone quarries, have led
to the deterioration of entire ecosystems and the ex-
tinction of many species, such as the Plectostoma
sciaphilum snail.*®

Such impacts also damage humans. Karst areas are
home to approximately 1.3 billion people and hold
not only economical but also cultural, emotional,
and spiritual value for those who inhabit them. One
of the more extreme examples is the recent remov-
al of several Taoist, Hindu, and Buddhist temples to
make room for a Holcim quarry in Malaysia.*® Fly-
rock from quarrying brings other risks to communi-
ties. Forinstance, in 2019 an Indonesian subsidiary
of Heidelberg Materials accidentally crashed sev-
eral boulders into homes in the town of Sukamulya,
close to a quarry.® More widespread are the impacts
on local agricultural systems, caused by changes to
water systems or reductions to the overall availabili-
ty of clean drinking water.®'
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Land grabbing practices by cement companies, of-
ten with the forceful help of governments, are not
unusual, especially in the Global South. Local op-
position against this kind of expansionism is com-
mon.52

A.3 Casestudy:Fightingforthebats

Dubbed one of the longest environmental pro-
tests in Australia, the fight against limestone
mining on Mt. Etna in Queensland has lasted
over 40 years, with activists using a wide range
of tactics.5® Mt. Etna has long been famous for
its bat population. When an Australian cement
company (Central Queensland Limited, now

a joint subsidiary of Holcim and Heidelberg
Materials), opened a quarry on the mountain
in 1966, opposition sprung up. This mostly
consisted of the local cavers associated with
the Central Queensland Speleological Society
(CQSS), aiming to protect the special ecosys-
tems of the caves.

They began by writing letters, lobbying, and
conducting guided tours. However, when
those steps failed, they escalated in the late
1980s to non-violent direct action: namely sab-
otage, filling blasting holes with concrete, and
finally a cave sit-in inside the caves, which re-
ceived extensive media coverage. After several
weeks the company agreed to a moratorium
on mining, only to renege on the agreement
sometime later.

In 1997, the CQSS moved to pursue legal ac-
tion instead. Although this was unsuccessful,
public opinion had ultimately shifted in favor of
the activists and against the company, and in
1998 the company bowed to public pressure.
It ceased all quarrying activities on Mt. Etna in
2004.
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A.4 Casestudy: Those whoembrace

Figure AG6: Protest in front of the German Embassy in Jakarta,
Indonesia against the plans of Heidelberg Materials.

Source: Save Kendeng / Dandhy Dwi Laksono, adapted under CC-BY-NC-
ND 4.0 licence. https://th.boell.org/en/2023/04/24/forget-kendeng-not

On the Indonesian island of Java, farmers have been fighting back against a cement company since
2006. This resistance movement has probably attracted the most attention of any anti-cement move-
ment worldwide.%*

The Kendeng karst mountains situated in Java have a large water storage capacity, which allows the lo-
cal population to cultivate rice easily through the constant water supply, and with comparative security
of access to water. Therefore, the surrounding area has emerged as the most important rice-producing
region of Indonesia.

But as infrastructure projects have emerged as a national priority, the need for concrete and cement
expanded. Since 2006, two cement companies have tried to establish a cement plant with limestone
quarries in the Kendeng Mountains: first the state-owned Semen Indonesia, then a subsidiary of Heidel-
berg Materials called Indocement.

While the cement plant project was heavily supported by political elites and government officials, local
farmers organized against it; they were mostly members of the Indigenous group Sedulur Sikep (“those
who embrace” in Javanese). They see themselves as deeply entwined with the Kendeng mountains,
and consider its agricultural practices as a form of embrace. In order to “protect mother earth from de-
structive activities”, they started a several decades long women-led resistance against the cementin-
dustry’s plans. They used an extensive repertoire of tactics, from communications work to long march-
es, court filings, and finally blockades. Despite the severe repression,®® they always stayed nonviolent.
While the network of resistance has been mainly local, it has grown and included protests at the state
palace, the German embassy, or at Heidelberg Materials’ shareholder conference.

One peculiarly striking form of protest undertaken by activists was to publicly set their feet in concrete
for a whole day to show how the factories would paralyze the community, which led to a meeting with
the Indonesian president. Through several successful court filings against the company and the local
government and an intervention from the Indonesian president as a result of the protests, no factory
has been built to date.




Figure A7: Several women set their feet in cement in front of the State Palace, Jakarta, Indonesia.
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JM-PPK, adapted under CC-BY-NC-ND 4.0 licence.
https://th.boell.org/en/2023/04/24/forget-kendeng-not

2.2.2 The impacts of aggregate extraction

The amount of sand and gravel — so-called aggre-
gates —used for concrete every year is colossal. On
average, 400 tonnes of aggregates, weighing as
much as about 80 elephants, are needed for a typi-
cal new single-family home, from the foundations to
the roof tiles, most of it in the form of concrete.®®

But while both sand and gravel seem abundantly
available, only specific aggregates are of use. For
example, most desert sand is unsuitable for use in
concrete, because the grains are too rounded by the
wind. Instead, the concrete industry mostly relies on
aggregates from rivers, the sea, or terrestrial open
pits. But extraction is happening far quicker than the
existing reserves can be replenished —and in conse-
guence some countries, such as Singapore or the
Maldives, have already depleted their stocks. Even
globally, readily available sand resources could be
depleted as early as 2050 if we continue with current
rates of production, raising fears of an impending
sand crisis.%’

Despite these enormous volumes of sand extracted
annually, and despite millions of people being en-
gaged in sand mining, it has attracted surprisingly
little attention. In part, this may be because sand
has relatively low value, and has historically been
seen as readily available. Additionally, sand mining
is not as complex technologically as most metal and
other mineral mining activities. Sand extraction can
be highly mechanized; however, it can also be per-
formed with very little equipment, often at a small

scale across numerous dispersed sites, and using
artisanal methods with a low capital-intensity. 58

In the Global North, where there are already tougher
regulations and environmental protections in place,
the extraction of sand is dominated by larger firms us-
ing capital intensive techniques, focusing on mostly
terrestrial and open sea mining, as opposed to dredg-
ing at ecologically sensitive coastal sites or rivers.

By contrast, in the Global South, aggregate mining
is mostly executed by small-scale miners with ru-
dimentary tools, such as shovels and backhoes for
land deposits, or suction pumps, dredging boats,
or simple buckets, in rivers or coastal areas. A lot
of it happensiillegally and in an unregulated way.
This means that the environmental impacts of
such activities are spread across a huge number of
smaller extraction sites that are difficult to track.%®

In the same way that most limestone is mined near
cement plants, on account of its weight, most ag-
gregates are also mined close to where they are
used. However, as some countries no longer have
sufficient deposits, vast, often undocumented trad-
ing networks between countries have appeared:
transferring aggregates from low- and middle-in-
come source countries such as Myanmar and Cam-
bodia, to high-income destination countries like
the Netherlands, Singapore, Hong Kong, Qatar,
and the United States. Low regulation and high de-
mand lead to increased over-extraction in export-
ing states.®® And this increased extraction impacts
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ecosystems severely. While the production of sand cially when mined aggregates consist of limestone
and gravel in land quarries can have similar effects themselves), when mined at rivers or seas additional
to the limestone quarrying described above (espe- problems arise.®

A.5 Casestudy: Concrete exploitation

The Nahal Raba quarry, owned by the Heidelberg Materials subsidiary Hanson Israel, is located in the
occupied West Bank, just across Israel’s internationally recognized border with Palestine.

At the 60,000 m? site, the company excavates gravel for use in concrete and asphalt. When the quarry
was opened in the 1980s, it was built on land that belonged to the Palestinian village of al-Zawiya, previ-
ously confiscated by the state of Israel .2

This has impacted profoundly on local Palestinians, since they are often not able to access the land at
all. This has especially been the case since 2004, when Israel’s “separation wall” was built between the
quarry and al-Zawiya. Due to the location of the quarry, Palestinians are now unable to cultivate the land
or have any sovereignty over the natural resources there. Complaints and petitions have fallen on deaf
ears.%® While most of the quarried gravel is produced for the Israeli market, the costs of pollution and
noise mainly affect local Palestinians as well as local ecosystems, both already endangered through cli-

mate change and Israel’s occupation .

Afurther point of contention is that much of the quarried material is used in Israel’'s own construction
projects in the Occupied Territories. With this cement, Israel and its West Bank settlers are solidifying
their status as occupiers.5®

While Heidelberg Materials denies actively supporting any Israeli settlement projects,® deliveries

of construction materials with Hanson Israel trucks have been recorded entering West Bank settle-
ments.®” In addition, Palestinian quarries have been shut down and the Palestinians have been prevent-
ed from working with the natural resources themselves.®® Heidelberg Materials bought British Hanson,
the previous owner of the Nahal Raba quarry, in 2007. Since then, they have received numerous com-
plaints over the legal status of the company's operations. Heidelberg Materials’ official stance has been
to claim that they do not break international law, and that they do not take any position on the status of
individual territories under internal law.%®

Since at least 2009, the company has said that they want to sell the quarry, but allegedly they haven’t
found a willing buyer. And yet, in the intervening period, they have continued to operate the Nahal Raba
quarry. Only in November 2023 did the production come to a standstill. However, Heidelberg Materials
applied for permission to extend the quarry by 10,000 m?, enlarging it by one-sixth, into land originally
belonging to another village nearby.”® The company has stated that this expansion is necessary in order
for them to sell the quarry to an unknown buyer that they found in 2019.7

On account of these activities in the Israeli-Occupied Territories, several blacklists have been compiled,
and divestments have been undertaken by Nordic insurers and pension funds.”? In 2020 the Nahal Raba
quarry was blocked by the Israeli-Palestinian climate activist group “One Climate” for several hours,
leading to increased media attention. The same group has taken legal action against the extension of
the quarry, with the final decision of the courts yet to be announced at time of writing.”®

Perhaps most notably, the controversial issue of the quarry expansion has been criticized in Israeli media.
According to a 2020 opinion piece in the Jerusalem Post, any extension of the Nahal Raba would be “a sub-
version of international law.” In particular, it would undermine a previous decision by the Israeli High Court
that prohibited construction by Israel of new quarries in the West Bank. Any such “unilateral transformation
of land beyond the Green-Line”, the authors urge, would constitute an , act of environmental apartheid.””*




In the case of rivers, where resources of sand are of-
ten the most accessible, extraction not only destroys
the habitats and nesting banks of many species, but
it also reduces water quality and can lead to erosion
and a lowering of the overall riverbed. Mining at river
deltas, such as the Vietnamese Mekong Delta, can
be especially damaging, since such areas are bio-
diversity hotspots. After rivers, the next best source
for construction-grade sands is the ocean, where
beaches and the seabed also provide essential hab-
itats. Seabeds are home to many microorganisms
and cyanobacteria, which are the basis of marine life,
and to many marine plants that are a major carbon
sink. Coasts can be eroded through sand extraction,
shoreline stability can be reduced, and suspended
sediment can cause significant damage even several
kilometres beyond a dredging site.”® This impacts the
livelihoods and wellbeing of nearby communities as
well, particularly fishing communities, who often see
their catch significantly depleted.”®

Another consequence of dredging concerns the in-
terruption of natural coastal and flood protections,
which can lead to an increased scale and severity of
floods. Especially in the face of a climate crisis that
already significantly increases the risk of coastal
flooding, sand extraction can undermine coastal de-
fences for millions of people.

At the same time, dredging for sand has become a
major source of income for many people. In India
alone, itis estimated that 12 million people are prob-
ably involved in the artisanal and small-scale quarry-
ing and dredging sector. As such, in India the rapid
rise of sand extraction has emerged as an especially
conflictual resource frontier. Even quite conservative
estimates suggest a death toll in the hundreds among
activists, civil servants, and villagers who are fighting
against such extraction.”” Moreover, conflicts over
sand are not only increasing domestically —they are
becoming geopolitical conflicts too, as when the Tai-
wanese Coast Guard in 2019 expelled several thou-
sand Chinese vessels dredging for sand.”®

2.2.3 The industry’s insufficient

biodiversity measures

The cement and concrete industry emphasizes that
itis already mitigating the destructive impacts of
quarrying, most notably on endangered species.

And indeed, in response to local-level protests and
more stringent legislation, companies are carrying
out hydrological and biodiversity studies of quarry-
ing sites in advance, inviting neighbouring commu-
nities to public hearings, designing the quarries in
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such a way as to mitigate harms, implementing bio-
diversity measures, and carrying out environmental
restoration both during and after quarrying. In addi-
tion, the industry sometimes establishes separate
areas to improve ecosystems and “compensate” for
the destroyed biodiversity elsewhere.

Nowadays, most cement companies, especially in
the Global North, solicit excessive media coverage
on their biodiversity measures and even proclaim
their goal to be “nature-positive” —that s, they argue
that quarries are able to not only restore but even en-
hance local biodiversity.”®

Though this is an honourable goal and it is true that
there has been some legitimate progress, the cement
industry’s impact s still a net negative —and to a mas-
sive extent. The numbers and reports on which the
companies base their claims of their positive biodiver-
sity impact contain numerous problems and biases.

The firstissue is that assessing the environmental
damage of mining can be difficult, if notimpossible,
to measure accurately. As noted above, ecosystems
are complex and interconnected, especially in karst
areas, such that the damage caused by quarrying
can be incredibly challenging to contain and can
spread far beyond the quarry site. The industry’s
environmental assessments are usually not pub-
licly available and lack independent scrutiny, and
this leaves significant leeway for assessments to be
skewed towards the industry’s own interests. This

is especially the case when Indigenous knowledge
is not acknowledged or over-ridden by authorities
when itis judged not to comply with Western sci-
entific methods. And yet such knowledge can offer
detailed, long-term understanding and insight about
the interdependence of local ecosystems.8

The second problem with industry claims is that
cherry-picked examples of birds and mammals are
often placed in focus and highlighted, while less
“mediagenic” species like snails —whose habitats
and life cycles are most intimately connected to
limestone — are neglected. As nature conservationist
Tony Whitten has noted, “No cement business has
ever admitted the scale of the problem.” Instead, the
companies “tout their biodiversity pages [on] their
websites”; they publish sustainability reports “with
pictures of ducks and frogs and children enjoying
the wetlands created from the hills they remove.
They give and receive prizes for their restoration
work —but do not acknowledge what is being lost.”®!
Whitten's words, written a decade ago, have lost
none of their truth today.
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Finally, the damages done through quarrying are
largely irreversible, as noted above. Even with exten-
sive reclamation plans in place, the quarry area will
most likely have reduced biodiversity and nutrient
cycling ability, reduced sources of food, fibre and en-
ergy, and diminished capacity for hydrological regula-
tion.®2 Even if the environment was fully restored after
reclamation, there would still be a considerable time
lag during which ecosystems remained damaged
and species were at worst driven to extinction.8

Therefore, while there has been progress and there
is still potential to further minimize the impacts,
claims of “nature-positive” operations should be re-
jected as outright greenwashing. Overall, the coun-
ter-measures of the companies amount to nothing
more than cushioning the overwhelmingly detri-
mental impacts.

2.3 Air pollution

Producing cement and concrete leads to significant
air pollution, bringing severe damage to ecosys-
tems, workers, and nearby communities. We will
first provide an overview over the causes and the na-
ture of these damages (2.3.1), before reviewing the
industry’s possible counter-measures (2.3.2).

2.3.1 The causes and damages

There are three main types of air pollution from ce-
ment production: nitrogen oxides, sulphur oxides,
and dust.

Nitrogen Oxides (NQO,) are a product of high-tem-
perature reactions in the cement kiln, and originate
from nitrogen compounds contained in the combus-
tion fuels, especially coal.® The extent of these emis-
sions is such that cement production is responsible
for 7.8 % of nitrogen oxide emissions globally.8 In
elevated levels, these can damage people’s respira-
tory systems and increase people's susceptibility

to, and the severity of, respiratory diseases such as
asthma or chronic lung disease.® NO, are a major
cause of acid rain, which damages plants, poisons
rivers, and lakes, and speeds up the weathering of
buildings, including those made of concrete.®”

The second type of pollution is the emission of
sulphur oxides (SO,), which stem from sulphur
compounds in both the raw materials that go into
cement, and the combustion fuels. Similar to NO,
emissions, these can harm the respiratory system,
especially in children and the elderly, and lead to
acid rain.®8 Overall, the cement industry is respon-
sible for 4.8 % of global SO, emissions.

Figure 2.12: Dust from a Holcim plant in Figuil, Cameroon settles everywhere.

Source: Courtesy of Georg Njukeng, Greenpeace. Used with permission.



The third and most visible part of the industry’s air
pollution is dust. From the blasting and drilling in
quarries to the milling of clinker, and from the trucks
stirring up dirt roads to the batching of the final con-
crete, dust is created throughout every step of the
production line.®

The harms caused by dust have several mechanistic
causes. Airborne dustis not only a nuisance, but can
affect ecosystems and therefore agriculture, as it
settles on plants and soil, blocking out sunlight and
reducing yields.® Particulate matter smaller than ten
or even 2.5 micrometres can even enter the lungs
and bloodstreams of humans and other animals,
bringing severe harm.®

The chemical composition of dust can also be poi-
sonous. Forinstance, silica dust, created by working
with sand or some types of limestone, as is common
in the industry, can cause silicosis, an incurable form
of lung disease, as well as lung cancer, chronic ob-
structive pulmonary disorder, tuberculosis, and au-
toimmune diseases.®? Cement powder itself, and the
dust released from cement kilns, are both consid-
ered hazardous and capable of harming skin, eyes,
and the respiratory system. Even single particles
can sting the eye.®® Depending on the raw materials
and the fuels that are used in manufacture, cement
powder and dusts released from kilns can contain
high amounts of pollutants such as benzene, arse-
nic, and ammonia, as well as heavy metals such as
chromium, nickel, cobalt, lead, and mercury (see
also 3.2.3).

Any accumulation of heavy metals in soils can harm
ecosystems far and wide over the long term. Air-
borne deposits can alter overall soil pH, affecting the
availability of nutrients or increasing existing toxin
levels in plants, thereby hindering plant growth. All
these factors diminish food safety, biodiversity, and
crop yields.%

In Switzerland, the cement industry made headlines
when it was revealed that between 2007 and 2021 it
had released about 240 tonnes of benzene, a known
carcinogen, into the environment —in spite of the
fact that the cement industry in Switzerland is con-
sidered to be already quite heavily regulated.%®
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A.6 Casestudy:
Farmers vs. air pollution

Figure A8: Uros Macerl at his farm.

Source: Courtesy of Goldman Environmental Prize.
Used with permission.

In Trbovlje, Slovenia, there had been long-
standing concerns about air pollution from the
local cement plant, owned by a subsidiary of
Holcim. To power its kilns, the company typi-
cally burned petcoke, an oil refinery byproduct.

Locals had for a long time asserted that burn-
ing petcoke caused their drinking water to turn
black, and that it reduced their agricultural
yields to such an extent that farming became
impossible. Local environmentalists, mainly
surrounding the organization Eko Krog, organ-
ized a series of actions and protests against the
company.

Things shifted gears, however, when Holcim
was granted permission to incinerate waste
materials at the plantin 2009.% The activists,
led by farmer Uro$ Macerl, led an extensive
campaign against the company, and after
several years of protests and legal action, the
courts cancelled Holcim’s permit to incinerate
waste at the plantin Trbovlje.

Despite this, the cement company still contin-
ued with their plans, with no intervention from
local authorities. It was only after the activ-

ists escalated their complaint to the European
Commission that the Slovenian state did finally
close the plantin 2015.7
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Overall, the cement industry is responsible for the
global emission of 5.2 % of all dust particles smaller
than ten microns, and 6.4 % of all those even smaller
than 2.5 microns. The industry is also responsible for
causing 9% of global mercury emissions — unsur-
prising, given that mercury is often contained in ce-
ment powder and dust.® At any specific production
site, the quantity and the composition of the dust
released depend heavily on the machinery, raw ma-
terials, and fuels used. Depending on the region and
production method, such pollutants as volatile or-
ganic compounds, benzene, and carbon monoxide
can also be emitted at significant levels.®

All of this adds up to considerable damages for
communities near cement plants, due simply to

the emission of dust. Such communities have often
seen increases in cancer, preterm births, and arange
of long-term health impacts manifested among chil-
dren.'® These effects are further exacerbated in two
ways. First, cement and concrete production often
occur adjacent to or right within cities, since such
areas represent key centers of economic demand
(see 1.5.2); but then the air pollution impacts more
people. Forexample, in the smog and dust-ridden
metropolis of Delhi, the sole act of batching con-
crete is estimated to be responsible for 10 % of all
coarse air pollutants.’ Second, cement plants, like
many other industrial facilities, are often located
close to low-income, disadvantaged communities,
exposing them to a hugely disproportionate share
of air pollution.'®? For instance, in the United States,
sand mining, cement production, and concrete
batching have all been shown to have a dispropor-
tionate and negative impact on low-income com-
munities of colour, and they are most often situated
in areas close to working class and disadvantaged
neighbourhoods.’%

Yet those who are most directly and intensely im-
pacted by air pollution are the manual workers with-
in the cement and concrete industry itself. These
manual labourers are at significantly elevated risk
of developing lung cancer and other lung-related
diseases from the work that they do.’® In the UK
alone, itis estimated that 500 construction workers
pass away every year due to silica exposure.'%®

2.3.2 The industry’s counter-measures

Itis possible to significantly reduce the industry’s
extreme air pollution. Especially in the European
Union and in China, technical measures at quarries
(like switching to conveyer belts and constructing
windbreaks), at cement plants (like employing fil-
ters and dust-cycling systems), and at batching sites

(like using ventilators or spraying water) are already
increasingly employed.% Protective measures for
workers have equally become more prevalent, in-
cluding the use of respirators as well as mechanized
equipment with enclosed cabs to protect the opera-
tors.1%7

As a result, most forms of air pollution from the ce-
ment industry in developed countries have been
largely reduced —and it would be entirely feasible to
deploy these measures globally.’® However, that is
not happening. As these measures bring additional
costs to the manufacturers, they are only employed
when companies are pressured to do so by author-
ities, which is very rare. In most cases, the legal
guidelines are simply too lax or not enforced by local
authorities, due to the industry's significant lobbying
power. Local communities can protest for years or
even decades without authorities intervening or im-
provements taking place.'®

2.4 Heating, flooding,
and sinking cities

Concrete is used in such high quantities that it de-
fines many of the places we inhabit and move
through: from our houses and offices to cross-coun-
try highways, dams, bridges, and tunnels. This gi-
gantic deployment of materials is now imposing
large-scale physical effects, and these are concen-
trated in cities that are heating up (2.4.1), sealed off
from the soil (2.4.2), and sinking under the weight of
construction (2.4.3).

2.4.1 Heating up

Anyone who has walked on a sunny concrete pave-
ment can attest that concrete, like other mineral-
based materials like stones and asphalt, absorbs
and retains heat. On very hot days, such surfaces
can even reach temperatures of up to 65°C."°

In modern cities, where extensive amounts of miner-
al-based materials have piled up, this can significant-
ly influence overall temperatures. When combined
with increased urban sources of heat, with reduced
quantities of vegetation, and the curtailment of sur-
face water features such as ponds and streams, cit-
ies tend to warm up and retain heat more than their
rural surroundings, giving rise to the so-called “ur-
ban heatisland effect”.’"

The negative impacts of heat stress on comfort and
human health can be extreme, with heightened risk
of mortality in elderly populations and severe health



impacts inflicted on children and people with disabil-
ities. Poor and otherwise marginalized populations
are more likely to be exposed to high temperatures,
due to denser housing with less effective insulation
or solar shading; restricted access to supplemental
cooling, green spaces, and water features; and high-
er occupational risks of heat exposure.''? Raised
temperatures can additionally alter rainfall patterns
and worsen air pollution by affecting air circulation —
higher temperatures increase the amount of mois-
ture the atmosphere can hold, intensifying evapora-
tion and changing when and where rain falls. Higher
temperatures also weaken or disrupt local wind
patterns and thermal inversions, which slows the
dispersal of pollutants. As a result, smog, fine par-
ticulates, and ground-level ozone accumulate more
easily and persist for longer.'?

On top of all that, global warming is increasing the
frequency and severity of heatwaves. The combined
risks for the future are forecast to affect roughly half
of all urban populations, and they will be most pro-
nounced in the growing mega-cities and coastal
cities of Sub-Saharan Africa, South America, and
India.”*In Asia alone, roughly 3.5 billion people are
forecast to be exposed to these increased risks by
2050."® The IPCC expresses “high confidence” that
overheating in cities will heighten risks from patho-
gens and parasites."® In Europe, without steps tak-
en to mitigate existing risks, the number of heat-re-
lated deaths could increase by a factor of fifty by
2100.""” Meanwhile, these factors can exacerbate
climate change: greater heat exposure means that
more people will rely on supplemental cooling sys-
tems such as air conditioning, increasing the de-
mand for electricity and (potentially) for fossil fuels.

Everywhere in the world, however, the solutions are
similar. As we've argued and will continue to em-
phasize, many of the risks of extreme heat can be
mitigated by reducing the amount of cement and
concrete in the built environment, by using alterna-
tive materials, and by redesigning the buildings and
cities that we live in (see 4.2, 4.3).

2.4.2 Sealing off

Throughout our streets, pavements, plazas, and
buildings, the extensive use of concrete has sealed
off large amounts of the earth’s surface.”®In 2018,
the global extent of impervious surfaces was already
roughly 2.5 times greater than it was in 1990, and
now covers an area larger than Turkey."® Concrete
plays a central role in this global expansion. These
impermeable surfaces destroy the soil and ecosys-
tems below and nearby; they carve walls between
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areas, fragmenting the landscape and its habitats,
and leading to loss of biodiversity.'?

Concrete also creates significant hydrological prob-
lems. Since concrete surfaces are largely impervi-
ous to water, they reduce water infiltration into the
ground. This produces several hazards: diminished
water infiltration, since water streams and runoff are
redirected; soil erosion from increased and concen-
trated runoff; and increased risk of flooding, since
excess surface water is confined in one place and
channeled in large volumes. Such processes can
also lead to many pollutants and biological contami-
nants being transported from cities into waterways,
poisoning ecosystems and communities.'?!

These hazards have been heightened as a result of
climate change. Increased frequency and severity of
storms lead to more frequent and more destructive
flash floods and coastal tidal surges, since the water
has nowhere to go.'?? This can have devastating ef-
fects, directing massive streams of water with high
force, high unpredictability, and an ability to quickly
overwhelm areas, making these some of the deadli-
est kinds of natural disasters.'?® Sewer overflows are
also more likely. As such, the increased incidence of
urban flooding is forecast to exacerbate existing bur-
dens of disease such as malaria, typhoid, and chol-
era. Those harms are likely to be compounded by
damage to hospitals and interruptions to the deliv-
ery of essential medical goods, brought on by flood
damage.'?

\When combined with sea level rise, the harms of im-
permeable surfaces are most acute in coastal cities,
which face inundation from sea water. In informal
settlements, which usually lack sanitation infra-
structure, flooding carries even greater risk, under-
mining local food safety and security and disrupting
livelihoods. As with overheating, all such harms are
multiplied by the enlargement and concentration of
urban populations, especially in the global south.?®

Breaking up the concrete and replacing it with more
porous materials or nature-based infrastructure can
help with all of this. The construction industry has
come up with several attempts to make more po-
rous varieties of concrete — but these appear to be
wholly unreliable, with short lifetimes of use, and
requiring intensive and costly regimes of mainte-
nance.'?® More realistically, impermeable surfaces
should simply be broken up as much as possible.
Urban design features such as increased greenery
and sustainable urban drainage systems can reduce
risks of flooding, improve stormwater management,
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and simultaneously mitigate the urban heatisland
effect (see 4.3.9). Current efforts are but a drop of
water on a hot stone, as land continues to be sealed
up atimmense scales. In Europe alone, two square
metres are still sealed off per second, while in recent
years, Central Europe and Spain have experienced
some of their worst floods in living memory.'?’

2.4.3 Sinking cities

The enormous volume of concrete, aggregates, and
asphalt accumulated in cities is even causing coast-
al cities to sink under the weight of their buildings
and infrastructure. With waters rising through cli-
mate change, this puts increasingly large areas at
risk of inundation and flooding. When a study from
the US Geological Survey examined the 48 largest
coastal cities in the world, representing a fifth of

the global urban population, 44 of those cities were
found to have areas that are sinking faster than sea
levels are rising due to increased weight, ground-
water removal, and other factors.'?® This has led, for
example, to Indonesia moving its entire capital city
to a new purpose-built city, again involving intensive
new concrete use.'?®

2.5 Excessive waste

Despite its strength and utility, the enormous vol-
umes of concrete that exist in our built environment
do notlast forever. Modern concrete buildings and
infrastructure have a limited lifespan (2.5.1), wheth-
er due to technical failures or elective demolitions
enabled by the material’s cheapness (2.5.2). Since
concrete is seldom recycled (2.5.3), this has created
the single largest source of human waste that the
world has ever seen.

2.5.1 Cracking and corroding

Today's concrete is not as durable as it may seem.
Heat, freeze-thaw cycles, carbonation (see 2.1.3)

extensive vibrations, moisture, salt, and chemical
exposure can all fracture and disintegrate modern
concrete.'®

However, concrete structures that predate the era
of Portland cement have had exceptionally long
lifespans. Perhaps the most famous examples of
this are the surviving buildings of ancient Rome (see

1.4.2). Indeed, “mass” pours of modern concrete
can also last a long time when implemented well.
Concrete can even “self-heal” small hairline cracks
since some cementitious materials always remain
dormant within it and can be reactivated, provided
that water is present for their hydration.

But the adoption of reinforced concrete (see 1.4.3)
introduced an Achilles heel into much of our built
environment: rebar.’? Rebar is almost universally
made of steel, and steel corrodes when exposed to
the elements. Some corrosion can actually help the
concrete to adhere to the steel.’® However, exces-
sive corrosion degrades steel, and this impacts the
concrete in which it is enclosed. Luckily, once rebar
is embedded within concrete, itis substantially pro-
tected from this process due to the highly alkaline
environment of the grey stone. Typically, regulations
and building specifications require that concrete
covers steel rebar to sufficient depth.’®* However,
this protection lessens as concrete inevitably disin-
tegrates over time: whether through carbonation,
mechanical stress, or degradation due to unwanted
chemicals, the protection breaks down and mois-
ture is able to penetrate, eventually corroding the
steel. Rebar can then expand as much as fourfold,
causing even more cracks and eventually leaving
either the tensile or compressive strength of the re-
inforced concrete too compromised to support the
structure. The ultimate resultis that the structures
either get torn down or they collapse on their own,
thus requiring new structures to be built.’®

This creeping deterioration cannot be stopped but
only temporarily arrested or stalled. As the historian
and author Robert Courland writes:

Almost all the concrete structures you see today
are doomed to a limited life span. Hardly any of
the concrete structures that now exist are capable
of enduring two centuries, and many will begin
disintegrating after fifty years. In short, we have built
a disposable world using a short-lived material, the
manufacture of which generates millions of tons
[sic] of greenhouse gases. Most of the concrete
structures built at the beginning of the twentieth
century have begun falling apart, and most will be,
or already have been, demolished.'®
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Figure 2.13: The Carolabriicke in Dresden, Germany, after a sudden collapse in 2024.

Source: SG-IMBTUDD, adapted under CC BY-SA 4.0 licence.

https://commons.wikimedia.org/wiki/File:Carolabr%C3%BCcke-Dresden-Einsturz-Br%C3%BCckenzug-C-2024-09-11-1200018_entwickelt.jpg

An additional complication is that concrete, like very
many materials, is visually opague, and this inevita-
bly conceals from view its interior, its physical con-
dition, and the state of its steel reinforcement. Rein-
forced concrete is in this sense a black box, or more
literally a grey box."'®” This means that three addition-
al challenges come into play.

First, the scale of damage can be more or less invisi-
ble from the outside. Unlike in bare steel structures,
where rusting spots can be seen and easily main-
tained, the corrosion within reinforced concrete is
largely hidden from view. This also makes the dam-
age, if spotted, difficult and expensive to repair.'38

Second, the exact composition of concrete is diffi-
cultto determine once set. Unlike bare steel, which
is stamped and can be traced back to its origin, the
composition of concrete can remain a mystery af-
ter construction.’® This leaves significant room for
tampering and mishandling of the material to go
unnoticed, through construction mistakes, poor
engineering knowledge, misspecification by the
designer, or deliberate cost-cutting measures (“val-
ue-engineering”) by engineers or contractors, to
save on cement, steel, or other costs of construc-

tion. Such measures sometimes come at the ex-
pense of durability, but can be all but impossible to
uncover in advance of a catastrophic failure.'0

Third, even if the composition of a given mass of
concrete is known, structures can deteriorate faster
than expected due to historical design or engineer-
ing decisions that were flawed or based on limited
knowledge. One historical example comes from the
early use of high-strength cements that allowed for
quicker curing, but that also ended up precipitating
rapid and significant structural failures.’' Anoth-

er recent example is the scandal around reinforced
autoclaved aerated concrete (RAAC) in the UK. In
this case, the historical flaws of the material were
already known in the 1990s, and yet successive gov-
ernments failed over the course of the last two dec-
ades-plus to take sufficient steps to remedy thou-
sands of affected buildings, most notably schools.?

In short, concrete structures are deteriorating, some
quicker than others. Buildings with dry and temper-
ature-controlled interiors may endure if well main-
tained, while structures exposed to sea water or sew-
age tend to last fewer than fifty years.™® Moreover, for
structures to survive even this long, they still require
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good levels of design, workmanship, and mainte-
nance, all of which can be in conflict with short-term
economic imperatives for low-cost construction and
a care-free approach to the built environment. Even
many dams, with their thick walls of concrete, are a
pending risk. By 2050, more than half of the global
population will live downstream from thousands of
large dams near or past their intended lifespan.’#*

Globally, the economic cost of maintaining and
replacing corroded buildings alone is enormous.
Justin the United States, estimates suggest a bill

in excess of USD 300 billion for the current stock of
buildings, with a staggering 40 % of the underlying
damage being the result of carbonation-induced
corrosion (see 2.1.3). Worldwide costs of repairs due
are estimated to exceed USD 1.8 trillion annually.’®

The frailties too of concrete are forecast to become
more acute with climate change —and as such, the
costs of repair and replacement will also rise. Rising
temperatures, humidity, atmospheric CO2 concen-
trations, and more extreme weather will all speed up
the deterioration of concrete and rebar.'#® This could
generate repair and replacement costs in the EU of
up to 1% or even 9% of GDP, if global warming rises
t0 2°C or 3°C respectively.’

Psychological costs have also followed, and they
will continue to abound. While the great build-up of
megaprojects and infrastructure may have brought
a feeling of progress, their subsequent decay can
invoke the feeling of being left behind and disem-
powered (arguably the perfect breeding place for
right-wing politics).'® And all too often, neoliberal
austerity measures have led to failures in maintain-
ing existing structures or conducting the most basic
structural assessments. As this cycle of neglect per-
sists, it can further fuel public resentment and polit-
ical polarization, as communities witness the dete-
rioration of public infrastructure without adequate
government response.

If timely repair is not undertaken, or if faulty struc-
tures remain in use, then the impacts on human
health and safety can be severe. The most sensa-
tional example of this is the catastrophic collapse of
concrete structures without any prior notice, such
as the collapse of the Koror-Babeldaob Bridge in Pa-
lau (1996), the de la Concorde overpass in Canada
(2006), the Ponte Morandiin Genoa (2018), or the
Carola bridge in Dresden (2024).

The construction industry has worked to mitigate all
of the problems outlined above, within the limited

means at its disposal. For instance, one alternative
to steel rebar is noncorrosive reinforcement.’® High
(or “ultra-high”) performance concrete mixtures are
another solution, although they can come with larg-
er upfront emissions during manufacture.’ Anoth-
er way to avoid steel rebar is pre- or post-tensioning
(a.k.a., pre- and post-stressing), which uses steel ca-
bles (“tendons”) to “squeeze” the concrete. Tension-
ing imparts enhanced tensile strength compared

to the simple insertion of steel rebar. It reduces the
risk of fracture and the quantities of concrete and
steel that are required to perform a given engineer-
ing function. Pre- and post-tensioning have been
around since the 1920s (see 1.4.3), and are already
widespread. However, although more costly than
standard rebar, both techniques could also be used
more extensively. All such these mitigation strate-
gies, moreover, only reduce the deterioration of con-
crete —they cannot get rid of it all together.®

2.5.2 Made for demolition

In reality, much concrete is wasted —not even
because of structural deterioration but because
functional structures are demolished and subse-
quently replaced. This can largely be attributed to
the phenomena of throwaway architecture and
throwaway construction, in which structures are
often not built to last more than 50 years. The central
drivers are profit maximization and superficial mod-
ernization over and above structural integrity. Itis no
accident that throwaway architecture is made with
concrete.

First, concrete is an “abstract” material, and can be
made to take on all kinds of forms (see 1.2). For this
reason, it has emerged as the wonder material of
modern construction, creating a sense of moderni-
ty, satisfying rapidly changing fashion trends, and
fitting into the short investment cycles of so much
commercial real estate.

Second, the cheapness of concrete and the reduced
need for skilled labour mean that demolition and
subsequent rebuilding are not as costly as they oth-
erwise might be, permitting a throwaway attitude to-
wards the built environment.

Finally, concrete’s short lifespan is frequently not
seen as a problem at all, since cycles of demolition
and reconstruction move quicker than concrete’s
useful lifetime.

2.5.3 Downgrading and landfills
Consequently, construction and demolition waste
piles up around the world. Every year about 10 billion



tonnes of concrete are put to waste, totalling more
than half of all waste produced around the globe.5?

The issue here is that concrete is not readily reusa-
ble. Once it has hardened, it has transitioned from
a malleable, workable material into a solid, rigid
substance. The “liquid stone” has turned into veri-
table stone. To restore its original ability to be mold-
ed into any shape, one needs to grind it down into
aggregate and then, once again, add new cement.
Rebuilding with fresh, pourable concrete thereaf-
ter brings additional resource use and similarly high
emissions, since the most carbon intensive step —
cement production —is still needed all over again.

“Downcycling” demolition waste as aggregate in
this way can save on the extraction of virgin natu-
ral resources and reduce the extent of demolition
waste that goes to landfill. However, construction
companies still usually prefer to use natural aggre-
gates instead of ground-down old concrete. The
main reason for this is that downcycled concrete still
contains fragments of hardened cement and sand
within the mix, and these make it perform worse
mechanically than raw gravel.'®® Most often, old
concrete is either landfilled or crushed to be used as
aggregate for road foundations, filling excavated ar-
eas, or similar purposes instead.'*

Some countries have made efforts to change their
approach to concrete waste. For example, Japan
has achieved a concrete recycling rate of 98 %
through high-tech reprocessing plants and high
fees imposed on landfilling.’® Obviously, it would
be far easier and less wasteful to just reuse hard-
ened concrete elements, such as slabs, bricks, and
walls. In reality, this is rarely done because almost
none of today’s buildings and infrastructures are de-
signed for disassembly. This means that it's difficult
or even impossible to detach parts without causing
damage to both the component and the surround-
ing elements. Additionally, many concrete parts
are already significantly cracked or carbonated, re-
ducing their usefulness considerably. Finally, using
old concrete elements that are often non-uniform
requires more time, precision, and an ultimate “en-
gagement with the specific building component on
the scale of 1:1,” standing in direct contrast to to-
day's industrialized construction processes.'®®

Globally, the flows of concrete into landfills remain
enormous, especially in countries undergoing rap-
id development. For instance, in Brazil, just 1% of
concrete demolition waste is reused.’®” On a glob-
al scale, a similarly negligible amount of concrete
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waste has been reused since 1995."%8 The result is
excessive demand for land to store all that waste;
copious dust; as well as preventable accidents sur-
rounding landfills.’™ The overuse of concrete and its
flagrant waste remain by far the most overt physical
symptoms of a fossil economy working under the
dictates of “take, make, waste”.

2.6 Cementing power
and exploitation

We have noted the physical properties of cement
and concrete, their usefulness to society, and their
usefulness to capital and state. Itis no surprise,
however, that concrete is associated with many sys-
tems of oppression: from walls of containment, to
military encampments, and contemporary “starchi-
tecture” for despotic regimes.

Here we begin by outlining the role of concrete in
both heightening the scale and changing the nature
of labour exploitation in the modern construction
industry (2.6.1). After that, we look at the role of con-
crete in the conduct of modern warfare and occupa-
tion (2.6.2). Then we see how such principles of col-
onization carry forward into the mundane economic
domain of property development, cementing power
relations in the built environment at large (2.6.3).

2.6.1 Exploitation and subordination

at the construction site

Construction, and the production of traditional con-
struction materials, have long been sites of intense
labour exploitation: think of Egypt’s pyramids.'6°
Today, according to the UN, construction materials
(steel, glass, bricks, timber, stone, copper, iron, and
minerals) are among those materials with “the high-
est risk of being made with forced labour”."®" From
the mid-nineteenth century onwards, fossil fuels
became a tremendous force multiplier for manufac-
turing in industrialized countries. The rise of Portland
cement around the same time — and the later advent
of reinforced concrete — brought further major ad-
vances in how much manufacturing and construc-
tion could be accomplished at scale (see 1.4.3).

Historically, building crafts such as stonemasonry,
carpentry, and bricklaying were forms of skilled la-
bour that retained a degree of autonomy and bar-
gaining power. Craftspeople controlled essential
construction knowledge and could collectively with-
hold their labour, an important source of leverage.
The advent of concrete, however, began to erode
this autonomy. Since modern concrete structures
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could be poured by largely unskilled or semi-skilled
workers under centralized direction, and because
these workers were not tied to any historical guild,
employers and states were no longer as dependent
on organized crafts.®?

As Brazilian architect and historian Sergio Ferro

has argued, capital and state used “concrete as [a]
weapon” at the turn of the twentieth century to re-
organize the construction process to their advan-
tage. This “weaponization” was not militaristic but
economic and social; by shifting power away from
skilled workers towards managers, engineers, and
contractors, concrete enabled a deeper division be-
tween mental and manual labour. The design and
specification of materials was able to be done re-
motely by a new professional-managerial class, '
while on-site labour was fragmented, deskilled, and
rendered expendable. This transformation remains
visible in the hierarchical organization of modern
construction We have noted that the sheer scale of
global construction activity has grown exponential-
ly over most of the last 150 years - and the scale and
pace of construction made possible by concrete has
played a huge role in that. By implication, the advent
of concrete has also helped drive a severalfold in-
crease in the absolute scale of labour exploitation in
the construction industry.®4

Today, the construction industry employs roughly
160 million people internationally (7 % of the total
adult labour force).165 2.8 million of those construc-
tion workers are in forced labour.’®® Many cases of
forced labour in the construction industry involve
migrant workers, who are trapped in such condi-
tions as a result of extortionate recruitment fees and
other unscrupulous and fraudulent practices on the
part of employers and recruiting agents.'®’

One recent investigation estimated that a stagger-
ing 21,000 construction workers from Nepal, India,

and Bangladesh have died since 2016 in Saudi Ara-
bia while working on the country’s so-called “giga
projects”. These are prestige projects, designed by
some of the world's leading contemporary archi-
tects.'®® Qatar’s treatment of migrant construction
workers has been notorious, especially in the run-up
to hosting the Football World Cup in 2022, with mi-
grant labour comprising 99 % of Qatar’s total work-
force and construction labour up to half of the total.

Far from home, hundreds of thousands are housed
in “worker camps”; many have their salaries habit-
ually withheld while building prestige projects.’ In
China, the total number of workers in construction
is far greater still, with 45 million migrant workers
drawn from the countryside to centers of urban de-
velopment and often provided with no more than
one square metre of living space per person.'”°
Western countries are also culpable, with construc-
tion workers falling victim to human trafficking and
a construction sector dominated by complex and
opaque subcontracting systems that can fail to pro-
vide migrant workers with the same safeguards that
domestic workers receive.'”’

2.6.2 The concrete-military industrial complex
Throughout its history, concrete has played a key
role in military operations and occupations. We saw
in Chapter 1 how concrete was used by the Romans
for the construction of military fortifications. Similar
uses have only multiplied in the modern era. One of
the chief physical advantages of concrete is that it
can be rapidly poured in place, quickly hardening to
form synthetic stone. As such, it has also proven to
be an ideal way to secure new “facts on the ground”
in areas of dispute.’”? Once roads, settlements, or
barriers are built, they transform geography into po-
litical permanence, consolidating occupation, con-
trol, and expansion, often faster than diplomacy or
law canreact.

camps.

A.7 Casestudy:Heidelberg Materials and Nazi Germany

Cement became a central material to warfare during the Second World War and was used exten-
sively for bunkers and fortifications by Nazi Germany. The main predecessor companies of Heidelberg
Materials profited greatly from the rearmament and construction programmes before and during the
Holocaust. They supplied cement to build factories, autobahns, bunkers, airfields, and concentration

The enormous Westwall (Siegfried Line) system of bunkers alone consumed around eight million
tonnes of concrete — more than the infamous Hoover Dam in the United States. The Atlantikwall, con-
structed between 1942 and 1944 along the coasts of France, the Netherlands, Denmark, Norway,
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and Germany, consumed an estimated 12.5 million tonnes. These fortification programmes delayed
the Western Allies’ advance in 1944 and allowed the Soviet Union to reach Berlin first.' Between the
pre-Nazi era and 1942, Germany’s cement output nearly tripled — from 4.5 million tonnes to between
12.5and 13.5 million — saving Heidelberg Materials’ predecessors from near-bankruptcy.’*

Organisation Todt (OT), the Nazi regime’s main construction organization, managed this vast building
apparatus through forced and slave labour, involving levels of violence and murder that had previous-
ly been reserved for Europe’s colonized peoples. OT employed approximately 1.4 million construction
slaves, hundreds of thousands of whom perished under brutal conditions.'”® The majority were classi-
fied by the regime as “Untermenschen” (“subhumans”), largely from the Soviet Union, Poland and oth-
er parts of Eastern Europe.'”® The short period between 1939 and 1945 arguably saw the largest slave-
based, industrialized construction effort in human history.’””

In 2000, like many German corporations, Heidelberg Materials contributed an undisclosed sum to the
10 billion Deutschmark national compensation fund established for the few surviving victims of forced
and slave labour, thus acknowledging some degree of responsibility for the use of forced labour.’”8 Sub-
sequently, the company published several official chronicles of its precursor firms. Each devotes only

a few pages to the twelve years of Nazi rule and generally concludes that the company’s collaboration
was no greater than average.'”®

The directors of Heidelberg's cement works (Portland-Zementwerke Heidelberg AG) largely supported
the Nazi party and Hitler's appointment as chancellor. The firm’s long-standing supervisory board chair-
man was Dr. Friedrich Schott; known as the “cement king” and an influential supporter of the “German
people’s party” deutsche Volkspartei (DVP), he was very conservative and anti-communist, but not a
Nazi.'® He died in 1931, before his DVP would support Hitler and vote for his dictatorship (Ermachti-
gungsgesetz). After his death his son Ehrhart, who had no party affiliation, inherited his position.’®" A
recent company chronicle portrays Ehrhart as a near-opponent of Hitler, but available evidence contra-
dicts this.' Schott was removed in 1933 from the company board not for political dissent but as part of
an internal leadership dispute, replaced by Otto Heuer.'8 Heuer, who joined the NSDAP shortly before
Schott's arrest on 1 May 1933, served as director until 1941. He was a member of the elitist “friends of
the SS” (Freundeskreis der SS) and a leading figure in the national cement cartel (Zementbund)) .8

The second “cement king” was Hermann Milke, founding member of Germany’s autobahn construc-
tion cartel STRABAG. Profits from autobahn construction enabled him to acquire a cement plantin
Geseke in 1936 which went on to become one of West Germany's cement producers after the war and
was partly acquired by Heidelberg Cement (Heidelberger Zement AG) in 1979.'8 Milke maintained
close ties with Fritz Todt and participated in Organisation Todt projects across occupied Europe. Archi-
val research indicates that his companies operated on DurchgangsstralSe IV (or “Road of the SS”), a
major road-building project in occupied Poland and Ukraine that relied overwhelmingly on Jewish ci-
vilians and Soviet prisoners of war working under exterminatory conditions (Vernichtung durch Arbeit).
Historians estimate that some 149,000 people perished along the 2,000 km route.'® Archival and testi-
monial evidence indicates that Milke was involved in these work programmes and mass killings.'®’

Post-war legal proceedings in West Germany concerning the atrocities committed along Durch-
gangsstralSe IV concluded after a decade without a single conviction. Many of the accused engineers,
managers, and SS officers claimed to have no recollection of events, while surviving witnesses often
lived in Poland or the Soviet Union and were rarely called to testify during the Cold War.'88

Like many industrial corporations with roots in the Nazi period, Heidelberg Materials has addressed this
history only in limited terms. Its public accounts acknowledge the existence of forced labour but remain
largely silent on the involvement of figures such as Milke and Heuer or on the company’s broader role in
the rise of the Nazis to power, wartime economy or the Holocaust.
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During European colonialism, concrete was both a
material of domination and a symbol of “moderni-
ty.” The French colonists in Algeria used concrete to
extend the port of Algiers, one of the first civil engi-
neering works made with concrete (and built by mil-
itary convicts).'® Similar ports, railways, buildings,
and roads were also built throughout the French,
British, Dutch, Japanese and Belgian colonies
(again, by forced labourers in the millions).'%°

By the early twentieth century, the military signifi-
cance of cement was already well understood. As
the United States Geological Survey wrote in 1918:

The military importance of cement can not be
overestimated. Itis used mostly as an ingredientin
concrete, and concrete possesses great adaptability
to a wide variety of uses. Besides being cheap, easily
and quickly handled, sanitary, and durable, concrete
is suitable for structures that are submerged as well
as those in dry places, and all these characteristics
taken together render it of great military importance.
Among the military structures in which concrete is
used are armories, barracks, roads, bridges, coast
and interior fortifications, gun emplacements,
trench linings, bomb-proof shelters, magazines

for explosives, tunnels, retaining walls, sea walls,
wharves, dry docks, water reservoirs, aqueducts,
sewers, sewage-treatment works, incinerators,
stables, floors, roofs, munition-factory buildings,
warehouses, fuel-oil tanks, barges, ships, and
structures in the interior of battleships.

This enumeration captures how deeply cement had
already become entwined with modern warfare, not

just as a defensive material but as infrastructure for
industrialized militarism itself.

More recently, military expert John Spencer argued
that concrete itself is, “the most effective weapon
on the modern battlefield”.’ The United States’ war
on Irag (2003-2011) marked a turning point, with
concrete barriers deployed widely for the protection
of soldiers against improvized explosive devices.
Spencer additionally describes how concrete barri-
ers were used to interrupt the urban environment,
walling in whole neighbourhoods for the purpose

of dividing and containing insurgents, and limit-

ing the movements of the population at large.' In
Iraqg, “concrete factories had to be found, built, and
expanded in multiple places” across the country.
“Getting concrete became as important a mission
as emplacing it.”'® Today, the United States Army

is actively pushing for innovation in the concrete in-
dustry, such as for the quick deployment of concrete
buildings through 3D printing.'%®

Similar principles of occupation have been at work
ata much larger scale in Palestine for many dec-
ades, with an extensive “architecture of occupa-
tion” built from concrete highways, settlements, and
walls. Across the West Bank, ordinary elements of
infrastructure function as technical tools of control
and dispossession.'®® Under the guise of real estate
development and the provision of amenities for set-
tlers, land is enclosed, fragmented, and rendered in-
accessible to Palestinians.’®” This is to say nothing of
tactical demolitions, and of the aerial bombardment
of the built environment, used against the Palestini-
an population.

A.8 Casestudy:Cementingthe occupation

Previously occupied by Spain, much of Western Sahara has been occupied by Morocco since 1975,
and is recognized by the UN as a non-self-governing territory that is still awaiting decolonization.®The
Sahrawi are the Indigenous people of Western Sahara, who still comprise 30 % of the population in the
Moroccan-controlled zone, and most of whom have been displaced from where they previously lived.
Nevertheless, this does not prevent European cement companies from doing business in the region
and providing essential materials that enable occupation infrastructures to be built and maintained.

There are three cement plants in the occupied territory of Western Sahara, all of them mills that use
imported clinker. Two of the plants are majority-owned by Heidelberg Materials,'® while one is joint-

ly owned by Holcim and the Moroccan royal family.2% Sahrawis have had no say in the set-up of these
activities, nor do they share in any benefits. In effect, these cement plants directly facilitate the occupa-
tion: they produce the cement that allows settlement infrastructure and extractive operations to con-
tinue and expand. A recent example is Heidelberg Materials' provision of cement for the expansion of
the port of Ladyoune,?' which is essential for the large-scale export of phosphate, one of the Moroccan
state’s main sources of income from occupied Western Sahara.




shareholder’s conference.

Source: Private picture. Used with permission.

Figure A9: Khadja Bedati from the Sahrawi youth speaks at the Heidelberg Materials

Numerous and repeated UN resolutions have asserted the right to self-determination of the people of

Western Sahara and have called for a referendum on the future of the region, establishing a Mission to
that end. Recent judgments by the European Court of Justice have additionally asserted the necessity
of Sahrawi consent for any exploitation of the land and its resources.

However, no real change has happened. Instead, the cement giants have even expanded their business
activities, with Heidelberg Materials having bought one plant in the area as recently as 2019. With re-
newed armed conflict ongoing since 2020 between Morocco and the Sahrawi Polisario Front, the ce-
ment giant’s stance appears to be simultaneously passive acquiescence and cynical complicity with
the status quo. Heidelberg Materials has simply stated that, as a private company, it does not take a po-
sition on the status of individual territories under international law.2%2
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2.6.3 Bulishit construction and demolition

A similar logic of colonization through concrete can
be seen the world over. Itis there wherever land is
forcibly taken from one set of people and given to
another, and concrete is poured in place to secure
those facts on the ground. Often it goes hand in hand
with sweeping demolitions and displacements to
make way for construction that serves only elite in-
terests.

Heinous examples can be found almost anywhere
on the globe. Such developments are often consid-
ered to be merely “economic” in form. However,
they have an acutely political nature, and constitute
the conduct of warfare by other means. We term
such developments “bullshit construction”. Mean-
while, the unnecessary demolitions that demolish
communities, simply to make way for bullshit con-
struction, comprise “bullshit demolition”. Each

serves the role of cementing power relations and in-
equality in the world at large.

The Global North is replete with examples of bullshit
construction and bullshit demolition, but so too is
the Global South. One such place is Lagos, Nigeria,
where millions live crammed into slums with few
amenities. “The amount of buildable land far out-
strips the state’s housing needs, and [yet] the gov-
ernment itself seems invested only in the housing
needs of the rich,” writes Adéwalé M4ja-Pearce.
Wherever existing slums are deemed to be situated
on prime real estate, the neighbourhoods can be de-
molished, theirinhabitants threatened, displaced,
and killed. Luxury developments are built where the
poor once lived.203

Banana Island, an entire gated district of Lagos, and
“the most expensive neighbourhood in Nigeria”, is
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home to the current president of Nigeria, as well as
Aliko Dangote, Africa’s richest man and the princi-
pal owner of Dangote Cement (Africa’s largest ce-
ment company).204 Eko-Atlantic, presently under
construction, is another such mega-neighbourhood
planned as a closed enclave, this time promising

to provide “environmentally friendly housing” for
250,000 people, at USD 500,000 apiece for an apart-
ment, and five times that price to buy a house.?%®

In India as a whole, meanwhile, more than

500,000 people were forcibly evicted from their
homes in 2023 alone. “Slum clearance”, “beautifi-
cation”, and removal of “encroachments” are com-
mon reasons given for such forced evictions.2%

2.7 ltalladdsup

The overall damages caused by cement and concrete
are immense. The cement and concrete industry is a
major contributor to air pollution and biodiversity de-
struction, while accelerating exploitation and leading
cities to sink and heat up.

One 2020 study assessed that even just the health
costs from the cement industry’s emissions of
carbon dioxide and air pollutants amount to USD
335 billion every year. This translates into USD 20 —
USD 110 per tonne of cement produced, depending
on the region. In some countries, like the US, these
costs even surpass the economic value of cement
itself, raising the question of whether the cement in-
dustry could be considered socially bankrupt.2”

Several further damages caused by the material
should also be mentioned.

The firstis the significant water consumption of the
industry. Large amounts of water are needed along
the production line of concrete; not only as a con-
stituent of concrete (2 billion tonnes annually), but
elsewhere in the process too. For instance, huge
amounts of water are used during the production

of the energy used in cement and concrete man-
ufacture (b billion tonnes annually) — for example,
for washing fuels. Moreover, enormous quantities
of water are used during the extraction of sand and
gravel (7 billion tonnes annually), where water is
needed for dust control and washing. Overall, the
production of cement and concrete for the construc-
tion industry is responsible for about 9% of all global
industrial water withdrawal (or 1.7 % of total global
water withdrawal). While conflicts surrounding this
issue are currently rare, they will probably increase

in the future. This is especially the case for low-in-
come countries experiencing both booms in con-
struction and increasing water scarcity.?%

The second other source of significant damages from
the use of cement in construction concerns impacts
on cement and concrete workers’ health beyond the
harms caused by air pollution (outlined above, see
2.3). These harms are largely typical of such anin-
dustry, with most of them (notably musculoskeletal
disorders) arising due to the manual handling of ma-
terials (for example, bags of cement), and an overall
higher burden of risks associated with the use of the
heavy machinery and explosives. \When the Build-
ing and Wood Workers' International did a survey
among the cement industry across 40 countries, they
found that, across the companies surveyed, one in-
work fatality happens every three days. In addition, in
more than 30 % of inspected cement plants, at least
one in-work fatality had happened in the last three
years.?%® According to a report for the International
Labour Organization (ILO), in-work risks to health are
made worse by the increase in subcontracting. In the
cement industry, these involve undertaking core op-
erational activities, such as quarrying, maintenance,
logistics, or cement production. Once again, this
problem is especially acute in the Global South.2'

A.9 Casestudy:Fishermenfighting back

When an Indonesian subsidiary of Heidelberg
Materials expanded a port for its cement plant
in Tarjun, excavated rock was dumped illegal-
ly in the sea nearby over a period of more than
two years. Fishing nets owned by local fisher-
men were severely and repeatedly damaged,
and this imposed heavy costs and loss of in-
come thatimpacted their livelihood.

After two years, and with their complaints go-
ing nowhere, the fishermen went into action.
In June 2004, together with students and ac-
tivists connected to Friends of the Earth, they
blocked the company's jetty for a week with

a clear demand: stop dumping waste on the
community’s fishing grounds. The blockade
was met with repression from the state, with
several activists and fishermen arrested and
allegedly beaten. However, it was successful:
Heidelberg Materials thereafter disposed of
the excavated rock elsewhere and insisted that
a contracted company was to blame.?"




Other aspects of production include the inequality
within the cement industry’s workforce,?'? the im-
pact of production noise and water pollution on sur-
rounding communities (beyond those associated
with quarrying activities — covered in 2.2.1),2¥ and
the problem of production wastes (besides green-
house gas emissions, and other air pollutants — cov-
eredin2.1and 2.3).2"4

The cement giants have additionally faced accusa-
tions of cartel agreements, corruption, tax evasion,
and even support of terrorism to keep their business-
es running.2'®

Damages from the use of these materials may also
include the impacts of excessive concrete within
oceans.?'® Concrete affects our mental health.?” It
also causes joint problems within cities, as the hard,
unforgiving surfaces lead to conditions like plantar
fasciitis and other musculoskeletal issues from pro-
longed walking and standing.?'® Over-use of con-
crete (a poor insulator) has sidelined the use of pas-
sive temperature control mechanisms. Moreover, it
has led to an over-reliance on supplemental heating
and cooling systems (with all of the excess energy
use that it necessitates), and to an over-reliance on
industrially-produced thermal insulation materi-
als.2‘9

To understand how significant the damages caused
by these materials’ use and production are, it can be
helpful to view their impact on the planetary bound-
aries or ecological ceilings of our modern societies.
Overall, seven out of nine planetary boundaries are
significantly impacted by the widespread use of ce-
ment and concrete, as shown in Figure 2.14.

2 Costs and damages of cement and concrete

Figure 2.14: The impact of cement and concrete
on ecological ceilings. Their importance for
social foundations has been assessed in
chapter 1.1 (authors' illustration).22°

Novel
Entities

Ozone
Depletion

Of course, the industry’s response to these dam-
ages is limited at best. When it comes to damages
from end-use, they tend to deny responsibility alto-
gether —with prestigious and “sustainable” projects
promoted extensively on their websites. Concern-
ing production damages, the industry does employ
technological measures — such as dust suppression
systems, air filtration equipment, and water treat-
ment facilities. However, they only do so to the min-
imum required level to comply with state guidelines
or to keep protests at bay (see 2.2.3 and 2.3.2).

Climate emissions are the only area where the
cement industry seems to have taken on a more
proactive role, which we will critically discuss in
Chapter 3.

- Major Impact
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3 The cementindustry’s
climate response

As global attention towards the climate crisis and

its causes has risen, so has the pressure on cement
companies to respond. All major cement companies
and industry associations now have extensive pub-
lic relations messaging about their climate achieve-
ments and have set net-zero carbon goals with road-
maps to achieving them.! Heidelberg Materials, for
example. proclaims itself “determined to build a
more sustainable future” and a pioneer the indus-
try's advances towards net-zero emissions.? But
decarbonizing a production process so deeply reli-
ant on both fossil fuel combustion and the chemical
transformation of a fossil material, limestone, is an
enormous task —which raises important questions:
how true are their claims? And what have they really
done to date?

In this chapter we'll therefore take a look at how
the lobbying of the industry has slowed down
effective climate regulation (3.1) and how, as a
result, the incremental measures that the industry
has employed have been easily overwhelmed by
rising production (3.2). Then, we'll examine how
the industry’s future roadmaps are reliant on highly
uncertain and risky projections of Carbon Capture
and Storage (3.3). We then discuss how the indus-
try frames its climate mitigation efforts (3.4). Note
that we focus here on the steps the industry is tak-
ing to reduce the scale of its greenhouse gas emis-
sions —and we set aside its various other (frequently
lacklustre) measures to mitigate the other harms

of production (on which, see chapter 2). We show
how the industry overpromises and underdelivers
on greenhouse gas reductions, despite enormous
subsidies. Similar to most industries, it advances
highly unproven techno-fixes, in a desperate effort
to shore up and retain its ecologically unsustainable
production model.

3.1 Lobbying

Since the Kyoto Protocol climate policy negotia-
tions of 1997, the cement industry has pursued a
proactive public messaging strategy on emissions,
through its main lobby organization, the Global Ce-
ment and Concrete Association (GCCA). This has in-
volved officially acknowledging the challenge of cli-
mate change and claiming that the industry is doing
its utmost to address it through technological meas-
ures. A Global Cement Sustainability Initiative was
established, and all major companies, including Hei-
delberg Materials, started to produce CO2 emission
reports, voluntary emission goals, and of course
excessive public relations work.® However, when
things got serious, they lobbied vigorously against
significant climate regulations.

3.1.1 Profits instead of regulation

This is exemplified first and foremost by the Euro-
pean Cement Association’s (Cembureau) opposition
to the European Emissions Trading Scheme (ETS).
The ETS was the first climate legislation with the
potential to significantly impact the cement indus-
try. By establishing a carbon market while setting an
emissions cap, it aimed to encourage the industry to
invest in clean technology and phase out dirty tech-
nology.

Despite its official endorsement of carbon pricing
schemes, the Cembureau, like many other industry
associations, has, since the early 2000s, successful-
ly lobbied to nullify its impact. Benchmarks for the
cement industry were set low and the European ce-
ment giants received free emission certificates far
exceeding their actual emissions.® This ensured that
there was very little financial pressure on the indus-
try to implement changes. Instead, they were able
to generate significant profits by selling their surplus
certificates on the ETS market. Just between 2008
and 2014, the cement industry made over 3 billion
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euros from these excess certificates, more than any
other industry.®

One of the main arguments used by the cementin-
dustry was that costly certificates would render the
domestic cement industry uncompetitive, and that

it would lose out to foreign companies able to export
cheaper cement into Europe, unburdened by the
ETS ora COz2 price. But while a carbon border adjust-
ment mechanism has now been introduced by the
EU in 2023, the Cembureau, like other major pollut-
ing industries, still spoke out against the expiration
of their free allocations.” Additionally, the cement
industry was heavily involved in the recent corpo-
rate backlash that “fought tooth and nail against [the
EU’s] climate policies” and successfully watered
down the EU’s climate ambitions.® However, despite
their lobbying, free allowances for the cement indus-
try are finally coming to an end, albeit only after a
drawn-out period of reduction: the cement industry
will only face zero free allowances in 2038.°

Outside the EU as well, climate regulations directed
at the cementindustry are only advancing at a glacial
pace, partly attributable to the sector’s lobbying. For
example, to this date, only 29% of Holcim's emissions
are covered by any COz2 regulation,’ mostly coming
from the EU, but also from Kazakhstan, certain Ca-
nadian provinces, and California. This global picture
might change soon. The EU is implementing its car-
bon border adjustment mechanism, and the Chinese
cement industry, for example, is being incorporated
into China’s national emissions trading system.™

3.1.2 Killing the Competition

Second, the cement giants have not only used their
lobbying power against climate regulation overall,
but also to throttle the advancement of alternative
cements. Alternative cements (see 4.1) could signif-
icantly curb the industry’s carbon footprint. They di-
rectly attack the root cause of the cement industry’s
emissions: clinker production (see 2.1.1). However,
since they could radically disrupt the industry to the
disadvantage of dominant firms and their invested
capital,'? larger cement companies have used their
political power to throttle advancement.’®

This has mainly occured through the committees
that decide on construction standards. These stand-
ards are very important, since they are referenced in
regulations, guidelines and contracts and are almost
always followed in the risk-averse construction in-
dustry. Newcomers usually lack the power and the
resources to participate in the committees that shape
regulation and standards, and such committees are

disproportionately made up of representatives of the
cement giants. Therefore it's no surprise that many
standards still continue to be based on Portland ce-
ment, acting in many countries as a severe restriction
and obstruction to the use of alternative cements.

In the industry’s major lobby organizations, as well,
the multinational cement companies dominate, and
are able to shape policy in their favour.’™ One exam-
pleis the Cembureau’s impact on the ETS bench-
marks, which were based on clinker, not cement.
This effectively created a lock-in-effect on Portland
cement, based on vast amounts of clinker, and failed
to create any financial pressure to phase out clinker,
a state of affairs heavily criticized by NGOs as well as
industry newcomers.'® Another example is how in-
dustry associations such as the GCCA downplay the
role of alternative cements in official roadmaps, cre-
ating a self-fulfilling prophecy, in which such materi-
als have only a marginal role to play."”

3.1.3 Opening the Door for Carbon Storage

The third way in which the cement industry throttles
climate action through its lobbying is by aggressive-
ly promoting carbon capture, utilization and storage
(CCUS). As will be argued in Section 3.3, CCUS is
promoted by cement giants as the most important
technological fix, despite its enormous risks and un-
certainties.'® Therefore, the cement giants have be-
gun to lobby for states to allow the technology and to
provide immense public subsidies for such projects.

In this, they've joined forces with the fossil fuel indus-
try. For example Holcim, Heidelberg Materials and
the Cembureau are all part of the fossil fuel dominat-
ed Industrial Carbon Management Forum (until 2023
called CCUS Forum), while Heidelberg Materials is
vice-chair of the Zero Emissions Platform (ZEP) —
heavily made up of major oil giants like BP, Shell, and
TotalEnergies, and described by the Corporate Eu-
rope Observatory NGO as “little more than an institu-
tionalized fossil fuel industry lobby group”."®

CCUS uses similar technologies as are used in oil and
gas extraction, and this makes it a source of income
for fossil fuel companies no matter if it delivers onits
promisses of capturing COz or not.2° There is reason
to fear that cement companies could also inadvert-
ently serve as a “door opener” for coal plants and
other fossil fuel infrastructure to continue operating.
The concern is that once expensive carbon capture
infrastructure — including pipelines and storage facili-
ties —is built specifically to handle emissions from ce-
ment plants (which are considered “hard-to-abate”
because they're difficult to decarbonize), this same



infrastructure could then be used to justify continued
operation of fossil fuel plants. Coal and gas plants
could simply connect to the existing carbon capture
network as a way to extend the life of fossil fuel facili-
ties, rather than phasing them out.?'

Public funding for large one-off carbon capture pro-
jects has increased rapidly. More scalable research
on alternative cements and other measures (see 4.1-
4.3) is urgently needed, but has yet to follow pace.??

3.2 Efficiency Measures

As we have seen, cement giants have in large part
stymied climate regulations and potential competi-
tors. At the same time, the dominant firms claim to
be pursuing a sustainable future via the rollout of ef-
ficiency measures within cement production.? Such
measures include: changing the kiln to more effi-
cientdesigns (3.2.1), replacing some of the clinker
with supplementary material (3.2.2) and switching
fuels (3.2.3).

3 The cement industry’s climate response

All of these efforts have already been pursued by
cement manufacturers for a long time as they can
save considerable production costs, and have only
recently been reframed as a response to climate
change.? These efforts have in fact, had a measur-
able effect on emissions. The yearly CO2 emissions
of the industry today would be about 450 million
tons higher without them —roughly equivalent to
10% of US annual emissions. However, the indus-
try has grown so dramatically that these measures
have proven largely ineffective in the aggregate (see
Figure 3.1). The rebound effect — where efficiency
improvements are offset by increased production
volumes — has overwhelmed every technological
advancement, and emissions from the industry still
tripled between 1990 and 2020.2° Despite this poor
track record, the industry continues to position all
three of these approaches as essential components
of its future transformation towards carbon neu-
trality. These efficiency measures are therefore ex-
plained in detail below.

Figure 3.1: Past impacts of efficiency measures and production growth on
the cement industry’s CO2 emissions between 1990 and 2019.26

3.2.1 Efficient Kilns

The first major emissions-saving measure has been
to make kilns more efficient. This has been a prima-
ry focus of the industry, as it saves energy, one of
the major cost factors in the production process.
This effectively meant replacing older shaft kilns

and wet-process kilns with newer dry-process kilns,

mostly with separate preheater and precalciner tow-
ers that work at lower temperatures.?” Since 95 % of
all kilns globally are now dry-process kilns and 85 %

include preheater and precalciner systems, this has

saved considerable amounts of energy, and there-
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fore money and emissions. This change has had a
particularly pronounced effectin China, where there
was previously much greater reliance on less cap-
ital-intensive but more energy-intensive shaft kilns
and wet kilns (see Figure 3.1).28

Updating the kilns has had additional positive ef-
fects, for example by limiting the vast amounts of
slurry waste created through wet kilns.?° However,
this may have also produced a rebound effect, and
led to anincrease in overall production.®® This is due
to several factors. First, energy costs are one of the
biggest cost factors in the industry, so that measures
that significantly reduce energy demand can lead to
a significantly lower cost for the final product. One
possible upshot of that is greater consumption. Sec-
ond, these modern kilns, in contrast to older shaft
kilns, are “megamachines” that process very large
amounts of material at a time and need to run 24/7 3
Their efficiency is partly dependent on vast econo-
mies of scale.®? This means that the industry is better
placed to process ever-larger volumes of extracted
raw materials, and produce ever-larger volumes of
cement for a booming construction industry.33

Furthermore, while newer, more efficient kilns have
had a large impact on production, the effect of these
changes is flattening out. Most kilns worldwide have
now been upgraded and new cement plants use the
latest technology. While in the EU and US there is
still room for improvement as older kilns remain run-
ning, in China and India, for example, the practical
limit has nearly been reached, and further significant
gains to kiln efficiency look unlikely.3*

3.2.2 Clinker Substitution

Clinker production is the most energy-intensive and
climate-harming part of the cement value chain
(see 2.1.1). As the key players are largely clinging to
Portland cement (see 3.1.2, 4.1), the second major
emissions-saving measure has been to reduce the
amount of clinker within the final cement, the so-
called clinker-to-cement ratio.

Originally, Portland cement was 95% clinker, with
5% gypsum added, to prevent flash setting. But put-
ting additional supplementary materials, such as
pozzolans (see 1.5.1), into the mix can replace some
of the energy-intensive and costly clinker. This can
also enhance certain physical properties of cement
or concrete. Since the 1970s, cement manufacturers
have increasingly used clinker substitutes to save
costs or create cement with special characteristics.
And although this has been a common practice for
decades, these companies are now framing clinker

substitution as one of their central climate meas-
ures.

The first kind of supplementary material is simply
filler material, mostly just ground limestone or con-
crete, used to blend the cement to save costs, but
non-reactive. Their use is traditionally very limited:
when used at concentrations higher than 10 %, they
can reduce the strength of the final concrete, al-
though some innovations are happening in this area
(see below).%®

The second kind of supplementary material is reac-
tive binders, that is, materials that after being pro-
cessed also add hydraulic cementitious properties to
the mix. Natural pozzolans have played a small role
as reactive binders, but currently only about 75 mil-
lion tonnes of these are used every year.%® Since nat-
ural pozzolan deposits are very localized, their quality
can also vary significantly and this variability in qual-
ity can lead to greater water demand and workabili-
ty problems at the concrete-mixing stage.” The two
most widely used kinds of reactive binders, however,
are artificial pozzolans, by-products from other in-
dustrial processes, namely fly ash and blast furnace
slag. Fly ash is a waste product of coal combustion
in power plants and can easily replace 30 % of the
clinker and even enhance the strength and durabili-
ty of the final concrete. Around one third of fly ash’s
yearly production of 900 million tonnes is used in ce-
ment and concrete. While there may be some poten-
tial for further use, this faces limits, since not all of it
meets the required quality standards. Blast furnace
slagis a granular waste product from blast furnaces
iniron and steel production.3® Of the yearly 330 mil-
lion tonnes produced, over 90 % is already used for
cement and concrete, as it can replace as much as
70% of the clinker while enhancing strength and du-
rability.®

The use of these materials in cement manufacture
has been a perfect match especially in cases where
steel and coal plants are located close to cement
plants: not only has this solved the disposal prob-
lems of the coal and steel producers, it has also
helped the cement industry to save on resources
and energy.*0

The volumes of supplementary materials used in
cement production have increased significantly over
the last decades and the relative use of clinker (clink-
er-to-cement ratio) has decreased globally to average
only 76 % of the final cement.*! While this accounts
for about half of all emissions savings since 1990 (see
Figure 3.1), three caveats need to be mentioned.



Firstis that, in absolute terms, clinker production
still expanded significantly, and the relative ad-
vances were quickly offset by more growth in pro-
duction. Since clinker substitution often decreased
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costs of the final cement, part of this production
growth could arguably be attributed to another
rebound effect from this cost-saving efficiency
measure.

Figure 3.2: Cement ingredients from 1900 to 2020.4?

Second, while there are large regional differences,
globally, the potential of prevailing artificial supple-
mentary material is largely used up. Such potential
will moreover decline as coal plants close and steel
plants switch to greener production methods.*

Finally, it must be noted that both coal plants and
fossil-fueled iron production facilities are them-
selves responsible for vast quantities of emissions.
Itis only because fly ash and blast furnace slag are
considered to be waste products that those emis-
sions are not counted on the balance sheet of the
cement industry. Meanwhile, slag itself requires ex-
pensive additional processing.* On top of that the
transport emissions alone can outweigh the carbon
savings for both of these clinker substitutes.*®

Still, clinker substitution plays a central role in the of-
ficial climate strategies of the cement industry. Hei-
delberg Materials plans to reach a clinker-to-cement
ratio of 68 % in 2030 (with 70,2 % in 2023).46 The
GCCA even projects the share of clinker to globally
decrease by more than 10% by 2050.47

As the supply of fly ash and slag will come to an end
if coal power plants are phased out, the dominant
players are also starting to rely on new supplements.

This includes agricultural waste ash,*® recycled glass
powder, mining tailings,* or end-of-life cement
paste.’ But the most promising newcomer is argu-
ably a mixture of calcined clay and limestone. While
both materials have already been used as supple-
mentary materials in the past, new combinations
called limestone calcined clay cement (LC?), have
gained traction, since ow 50 % of the clinker can be
replaced without significantly decreasing its per-
formance. Both clay and limestone are abundantly
available. Moreover, the calcination of clay occurs at
temperatures of around 700-850°C —and crucially
does not release any process emissions.%’

Despite their earlier opposition (see 3.1.2) even ma-
jor players are starting to invest in the kilns required
to make LC3, albeit at a comparatively slow pace.
LC3is especially gaining traction in West Africa,
however, where cement is currently expensive.5?
And yet 50 % of clinker substitution still leaves 50%
of clinker remaining. Even where the introduction of
LC3is sped up, considerable volumes of emissions
will also be left as an intrinsic part of cement manu-
facture. Therefore even the GCCA projects that clink-
er substitution will only mitigate a mere 17 % of the
cement industry’s emissions (see Figure 3.4).
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3.2.3 Switching fuels

The third major emissions-saving measure has been
to change how the high temperatures within the kiln
are fueled. As 40 % of all CO, emissions of the in-
dustry are caused through the vast amounts of fuels
needed to reach these temperatures (see 2.1), the
potential is significant.

But replacing fossil fuels with electricity or hydro-
gen is proving very difficult. While there are some
innovations in, for example, electrolysis of raw feed-
stocks or plasma-based kilns, these are only in the
developmental stage and are not likely to replace
traditional kilns soon. Itis likely that only a switch
from Portland cement to alternative cements, which
mostly need lower temperatures, could help here

(see 4.1). Therefore the dominant firms, as well as
most researchers and lawmakers, have accepted
that fuels still need to be burned and that the impor-
tant task is changing what fuel is burned.53

Beyond these efforts, the most effective option
emerging is that of is mixing waste into the fossil
fuel mix. This waste, so-called “alternative fuel”,

can be biomass (such as saw dust or animal meal),
fossil-based (such as plastics and tyres), or some
mixture of both. Nowadays, these wastes add up to
a considerable share of the fuel powering cement
manufacture: globally 23 % of the whole fuel mix are
these so-called “alternative fuels”, while fossil fuels
have been reduced to 77 %.54

Figure 3.3: Fuel mix within the cement industry from 1990 to 2022.55

This, the industry argues, has not only permitted the
replacement of large amounts of fossil fuels; it has
also helped to tackle the enormous global challenge
posed by large quantities of waste. The waste prob-
lem has been addressed in two important ways,
according to the cement industry. First, they argue
that these wastes would otherwise not be recycled
and instead end up in landfills, using up valuable
space, polluting soil and waterways, and emitting
not only CO2 but also methane, a far more potent
greenhouse gas. Therefore it is better to burn waste
for energy, and replace fossil fuels in the process.
Moreover, since cement kilns are distributed glob-
ally, such combustion reduces the need for addi-
tional new waste incinerators to be built. Second, in
contrast to other industrial processes, the temper-
atures required for clinkering are very high, so that

many pollutants are destroyed in the kiln: instead

of leaving large quantities of ash or other byprod-
ucts behind, most pollutants are captured in the
clinker. Therefore, cement plants can be considered
very suitable for the combustion of even very toxic
waste.5¢

Indeed since waste streams often come cheap or
free, and since fossil fuels would otherwise com-
prise the largest cost of production,® many cement
companies already began in the 1970s to use alter-
native fuels.%® Nowadays, companies will often even
receive considerable payments for managing waste
streams, especially when waste is toxic or harmful.
Just through the waste incineration from one plant
in one year alone, Holcim made over €6 million in
profit. Across its entire global operations, Heidel-




berg Materials saw revenues of € 380 million in one
year alone, due to its waste incineration activities.%®

While it is a profitable endeavour for the companies,
the framing of waste combustion as a sustainable
measure can nevertheless be called into question. In
the end, roughly the same amount of COz exits the
kiln. The emissions can even be higher than with fos-
sil fuels alone, since it is less energy efficient to burn
waste.® And yet, by the industry’s accounting, both
fossil and biogenic waste combustion are consid-
ered to be carbon neutral .8

The reasoning is twofold. First, just like fly ash and
slag (see 3.2.2), the argument is that these are wastes
that would have piled up anyway. Second, in the case
of plant biomass, it is argued that any CO2 emissions
from combustion simply return to the atmosphere
whatever CO2 was absorbed during the growing stage
of the plant. This second point sets aside the fact that
the combustion of woody biomass generates upfront
emissions slightly greater than those produced by the
combustion of coal.®2 Those are emissions that might
otherwise remain locked up in the wood were another
use found for it, instead of combustion.

More broadly, all of the above “quick fix” thinking ig-
nores the potential for considerable, and hazardous,
feedback effects. “If you can dump everything in a
cement kiln, then why would you still care about the
problem?”8 The danger is that waste combustion
decreases the incentives to reduce the creation of
wastes in the first place.

3 The cement industry’s climate response

A particular example of this is the vast streams of
plastic waste, which presently comprise a large
share of the alternative fuels used by the cement in-
dustry.®* As things stand, Latin American countries,
China, Indonesia, and others, have been the dump-
ing ground for plastic wastes from the United States
and the European Union, and the cement industries
in these countries have played a large role in mop-
ping up the global glut of waste. Yet the further po-
tential for the cement industry to absorb additional
plastic waste streams is enormous: the cement in-
dustry could, if asked, burn through all of the plastic
waste currently produced every year, globally. Un-
surprisingly, this has caught the eye of major plastic
producers, such as Coca-Cola, Unilever and Nestle:
each has begun collaborations with cement man-
ufacturers around the world to create the sorting
facilities necessary to make use of these wastes as
fuel. The former are happy about the simple solution,
with the hope of keeping regulation on their exten-
sive production of plastic to a minimum; the latter
are happy about the steady stream of (allegedly car-
bon-neutral) fuels.®

Air pollution remains a considerable hazard, how-
ever; and this is notwithstanding the fact that many
hazardous compounds, such as heavy metals, can
remain trapped in the manufactured clinker. Others,
such as dioxins and furans, can be released into the
atmosphere.® The latter such risks are often exacer-
bated by less stringent air pollution guidelines on
cement kilns than on waste incinerators.%”

Figure 3.4: The GCCA's forecast of how efficiency measures and carbon dioxide removal

will influence global CO2 emissions in 2050.%8
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Still, alternative fuels play a central role in the ce-
ment industry’s decarbonization plans. The GCCA
forecasts them to increase from the current 6 % to
22 % and 43% by 2030 and 2050 respectively.®® To-
gether with the measure to make the kilns more ef-
fective, this would save another 15% of the cement
industry’s COz emissions (see Figure 3.4).

To sum up, even under the very optimistic forecasts
of the industry, its three main efficiency measures
won't add up to more than 35 % of emissions saved
in 2050 (see Figure 3.4). Since the root cause of CO2
emissions —the production of clinker —is only par-
tially addressed, these measures are ultimately not
enough.

3.3 Carbon Dioxide Removal

While the cement industry’s conventional measures
fall very short of achieving zero emissions, the in-
dustry argues that it can continue causing CO2 emis-
sions but still achieve net zero through carbon di-
oxide removal. This removal would take two forms:
natural carbonation (3.3.1) and CCUS (3.3.2).

3.3.1 Natural Carbonation

The first measure of carbon dioxide removal advo-
cated by the cementindustry is natural concrete car-
bonation, butitis disputed whether this can actually
be counted as such. Carbonation (see 2.1.3) hap-
pens already naturally to some extent, and the ce-
ment industry argues that this should be recognized
as their own contribution to climate change mitiga-
tion. The GCCA argues that this should free them
from dealing with 15 % of their remaining emissions
(see Figure 3.4). The European Cement Association
even argues that under certain circumstances they
should receive carbon removal certifications. As this
process occurs without any intent or additional work
from the side of the cement industry, whether they
deserve recognition and financial compensation is
questionable.”®

The discussion is different with so-called “enhanced
carbonation” —when carbonation is accelerated
through methods such as injecting liquid COzinto a
concrete mix while batching.”” While such technol-
ogies regularly gain significant media attention and
could have large potential, they are still mostly in the
demonstration phase, and it is highly unlikely that
these techniques could be applied at the enormous
scales required by the industry by 2050.72

3.3.2 Carbon Capture, Utilization,

and Storage

The final emissions-saving measure of the cement
industry is CCUS. Itis claimed that this technology
deals with all remaining COz2 emissions, still more
than half of the total (see Figure 3.4), by capturing
these and either using them (CCU) within some
chemical process or storing (CCS) them. The pro-
cess includes three steps:

Stage 1: Capture

The CO2 needs to be captured from the exhaust flue,
filtered from the other gases, and finally cached at
the plant. For this, large new industrial facilities must
be installed at every running cement production

site, nearly doubling the size of the original cement
plant.”3Capture rates are never 100 % and generally,
at least 5-20% of COz s still emitted.”*

Stage 2: Transport

Few cement plants are located close to potential
COz storage or utilization sites. Therefore the cap-
tured emissions need to be transported long dis-
tances via pipeline and ship and short distances by
truck orrail. In Germany alone, the cement industry
is planning pipelines with a combined length of al-
most 5,000 km, with costs of around € 14 billion. To
make transportation possible, the CO2 must either
be brought to very low temperatures or contained at
high pressure.”

Stage 3a: Utilization

One option to deal with the CO2 would be to use itin
some chemical process, for example to produce fer-
tiliser, fuels or plastics. Another use is so-called en-
hanced oil recovery: injecting the gas into active oll
reservoirs to enable further extraction of fossil fuels.
However, the global scale of demand for chemical
products that require CO2 as a raw input is so small
that even just one cement plant would be sufficient
to meet any single one of these needs.”® Additionally,
in most applications carbon dioxide is still released
into the atmosphere, just one step further down the
value chain, leading to no atmospheric CO2z reduc-
tion per se.”” Indeed, probably the only utilization
that could be employed on a large scale and that
might store the COz2 indefinitely would be enhanced
carbonation (see 3.3.1).

Stage 3b. Storage

The other option is to store the captured COzin un-
derground geological formations. By injecting itinto
reservoirs of porous rock, such as depleted oil and
gas reservoirs, covered by impermeable rocks, the
carbon dioxide needs to be permanently stored if it is



not to have a climate impact. This must happen un-
der high pressure, with COz injected to a depth of at
least 800 metres below the surface.”®

While the cement industry has talked about and
worked towards CCUS for several decades, at time
of writing not a single full-scale application has been
completed.” The first full-scale project is expected
to launchin late 2025 at Heidelberg Materials’ ce-
ment plantin Brevik, storing about half of the plant’s
yearly CO2 emissions below the North Sea.® The
project took more than 20 years and was funded by
extensive public subsidies,® yet will only store about
0.4 million tonnes of COz per year.

The GCCA claims that from 2050 onward just the
cement industry will need CCUS capacity at the
scale of about 1.4 billion tonnes of CO2 every year.8?
Reaching this would mean setting up 130 projects
equal to that in Brevik every single year until 2050.
This pace is absolutely not in sight and would also
bring with it major damages. In the following, we list
four such damages.

First, the costs of this enormous global build-up of
industrial facilities would be substantial. Just the
investments for the carbon capture facilities would
double the costs of the original cement plant.8® The
costs for the transport infrastructure add up as well.
Just within Germany, the cement industry calcu-
lates costs of around €14 billion, simply for the CO2
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pipelines.®*Because every storage site is geological-
ly different, each presents new challenges, making
storage hard to scale and a high likelihood of runa-
way costs. In other words, to imagine a depleted oil
reservoir as an empty bottle awaiting a new liquid is
misleading —it is instead a complex geological struc-
ture, full of hidden instabilities and potential surpris-
es, as repeated failures have made clear. &

Plainly CCS requires enormous capital investments.
In contrast to other technologies, such as solar
panels, its costs are also not declining due to inno-
vations and technological development, as recent
research at Oxford University concludes. Instead,
costs may even rise.® As margins in the cement in-
dustry are slim, even a rising carbon price is not suf-
ficient to prompt such investments. Instead, like in
the Brevik project, any such project often depends
onimmense government subsidies.®”

Second, all this new infrastructure would need large
amounts of continuous energy along the entire
CCUS process.® Just the carbon capture technolo-
gy alone would increase a plant’s power consump-
tion by 50 %-300%.8 On top of that, there is the en-
ergy demand for the transport and injection of the
COz2, which is considerable due to the high pressures
and low temperatures involved.®° This is particular-
ly alarming, given that renewable sources of energy
generation and storage are likely to remain in limited
supply for the next few decades.®

A.10 Casestudy: Thegreenbeacon?

national CO2 emissions).

Sweden's most important cement plant sits on the island of Gotland. It is owned by Cementa,
Heidelberg Materials' Swedish subsidiary. The Slite cement facility, named after the local area,
provides about 75 % of all cement consumed in Sweden® and is therefore also one of the largest
climate killers in Sweden, responsible for roughly 1.8 million tonnes of CO2 annually (about 4 % of

Enabled by excessive government subsidies, it is also the site of Heidelberg Materials’ largest CCS pro-
ject yet, with the company planning to capture nearly all of the plant’s annual CO2 emissions by 2030.%3

The technological innovation and the scale of ambition on show at Slite are undeniable. They are given
pride of place in the company’s public messaging. More to the point, they are framed by the company
as representative of its global agenda, and a clear sign of a bright climate future for the cement industry.

However, rising opposition to the Slite cement works continues to dog the company. Most notable
are widespread and serious concerns over the scale of limestone quarrying on Gotland.

In 2017, Cementa successfully applied for an extension to their Gotland quarry. However, several
organizations, including the Swedish Environmental Protection Agency and the local county board,
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appealed that decision, citing the special biodiversity of the area and risks to groundwater supply in
an area that is already drought-ridden.%*

The appeals court agreed to some of the concerns and cancelled Cementa’s extension permit, prompt-
ing the company to end all of its quarrying activities on Gotland in November of the same year. This sent
Cementa, the construction industry, and the government into a tailspin, with claims that the closure of
the Slite plant could lead to hundreds of thousands of job losses across the country.®®

The Swedish legislature responded by taking special steps to circumvent the decision of the judiciary.
A special law was enacted to grant Cementa rights to continue with its plans to expand its limestone
mining operations on Gotland, even before a new long-term permit could be granted, a move that Swe-
den’s Council on Legislation called unconstitutional.%

While Heidelberg Materials was able to continue operations at Slite, opposition continued. Moreo-
ver, activists have escalated their struggle, with the activist group “Take Concrete Action” blocking the

plantin August 2022.%7

Third, CCUS leads to additional risks for ecosystems,
workers and communities, as all such infrastructure
would likely be at risk of accidental failure, especially
if it were to be built up at large scales and in a rush.
Hazardous chemicals, gases and fuels might escape
from the facilities. Pipelines can leak and lead to cat-
astrophic failures. One such event occurred in Febru-
ary 2020 in Satartia in Mississippi, when a CO2 pipe-
line burst. Despite a very rapid emergency response,
the town was enveloped in a toxic cloud and at least
45 people were hospitalized.? (COz2 is both colourless
and odourless, and exposure at high concentrations
can lead to convulsions, coma, and death.)®® The in-
jection of COz2 underground can heighten the risk of
earthquakes, pollute drinking water, and degrade
s0ils.’ Since geological formations are difficult to
assess, and since the COz itself can interact with the
rock,'®" leaks are also likely. These can be dangerous
for ocean ecosystems and for workers at the CO2
storage facilities, and, moreover, can allow a signifi-
cant proportion of the greenhouse gas to escape.’??

Finally, such a large-scale build-up of CCUS faces
major technical challenges. Scaling up carbon stor-
age is especially difficult, since it cannot be stand-
ardized —every project is unique, involves different
geological conditions, and needs customized tech-
nical solutions, while expertise is scarce.'®Indeed,
the history of the technology has been a history of
failure; most planned projects have failed, and the
ones that have been completed often store far less
than planned.™%

As aresult, the levels of capture, transport, storage
and utilization are all far from what the cement indus-
try deems necessary. Currently, only carbon capture

projects with a capacity of about 26 Mt are planned
at cement plants through 2030 - not even 2 % of the
volume the industry wants by 2050.'% Meanwhile,
it's estimated that the entire global CO2 storage ca-
pacity would not amount to more than 70-300 million
tons per yearin 2050.% Even at maximum, this rep-
resents just one fifth of the amount required by the
cementindustry alone. Even the industrial and bank-
ing think tank Energy Transitions Commission (ETC)
calls the current progress “very disappointing.”'%

Finally, the little progress that does occur happensin
the wrong geographical areas. This has led the CEO
of the World Cement Association to a dismal con-
clusion: “If you go to China, India, Africa, the Mid-
dle East and so on, there isn't anything in place that
is going to give a return on these projects yet. And
developed countries only make 10 % of the total ce-
ment worldwide and there’s not much happening in
CCSinthat 90% yet.”1%

3.4 Vision: The
techno-optimist Road
to Climate Disaster

With cement companies officially working towards
decarbonization for a quarter century, results are
looking rather grim. As the industry’s key players are
fighting off alternative forms of cements and their
efficiency measures are already nearing their full
potential, their decarbonization roadmaps remain
highly dependent on a risky, costly, energy-intensive
and highly uncertain build-up of carbon capture and
storage. As a result, the necessary debate about al-
ternative measures has been pushed to the margins.
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4 Alternative measures

The cementindustry’s climate plans are clearly not
working. But there are still enormous unmet needs
for basic housing and infrastructure, so we must ur-
gently find better solutions. At the same time, the
cement industry has a very limited view of what is
possible. The real answers will require changes that
go far beyond the cement industry’s role and its pro-
posed solutions —we need to rethink how we ap-
proach building and construction as a whole.

We highlight three categories of alternatives, and
these need to be put into practice swiftly.! The first
key measure is to improve cement, by using differ-

ent production methods that go beyond Portland
cement and its enormous emissions (4.1). The sec-
ond measure is to switch to alternative materials
wherever possible, by employing plant-based and
other mineral-based construction materials (4.2).
The third measure is to reduce the overall use of
construction materials wherever possible, to a large
part by prioritizing those most in need, reducing
unnecessary demolition, and curbing “bullshit con-
struction” that services only the wealthy and cer-
tainly cannot “trickle down” to those in need: luxury
condos, luxury retail, airports, etc (4.3).

Figure 4.1: Overview of alternative measures (authors' illustration).



As depicted in Figure 4.1, these measures have a
certain hierarchy. As we move from the upper parts
of the pyramid to the lower parts, we move from
more technological measures to more social meas-
ures. Social solutions are often severely underrep-
resented in discussions about material use and the
challenges posed by “development”, environmental
degradation and climate change. Not least, this is
because suitable solutions would severely impact
capital interests. However, social measures have
enormous, currently untapped potential, and they
can bring decisive changes far quicker than mere
technological innovations on their own.? Combined,
all of the measures in this pyramid offer an alternate
vision for construction: a regenerative, vernacular,
and people-driven built environment (4.4).

These alternative measures are not without challeng-
es. Economic, cultural and political structures alike
are built around concrete-based modes of construc-
tion (see 1.2, 1.3). For instance, we have emphasized
that cement and concrete are cheap. Amongst other
factors, the cementindustry is still allowed to exter-
nalize many of its environmental and human costs
(see 2.7). Building regulations also tend to be geared
towards concrete as a norm (see 3.1.2).

In consequence, alternative approaches to con-
struction may be more expensive than concrete, al-
though this is by no means a given; they may come
with other practical challenges too. However, the
fact that an alternative may cost more or pose prac-
tical challenges is not an argument for business as
usual. Moreover, as we have also sought to empha-
sise, the prevailing model of political economy as it
stands, and the existing construction industry, are
spectacularly failing to meet everyone's basic needs
(1.6). All of this suggests that alternative political
and economic approaches are needed instead, and
notjust alternative materials. These issues are dis-
cussed in Chapter 5.

4.1 Improve cement

We have noted elsewhere the importance of remov-
ing steel reinforcement from concrete to extend its
lifespan. Pre- and post-tensioning of concrete, using
steel cables instead, is already fairly common, but
could be used more.

With regard to cement itself, Portland cement can
be replaced with alternative cements that are signif-
icantly less COz-intensive, while still providing the
wonder-material of a liquid stone (see 1.2).

4 Alternative measures

This is no easy challenge, and major players have
only made limited progress —and sometimes active-
ly hindered development (see 3.1.2). Instead, it has
been primarily public institutions and smaller com-
panies that have focused on the invention of alterna-
tive cements. Five categories of alternative cements
have emerged that may play an important role in the
future.®

The first group of alternative cements are materi-

als that are produced in a similar way to Portland
cement, though with a different material mix in the
kiln. Since they still require both a calcination and a
clinkering stage (though sometimes with lower tem-
peratures), they offer incremental and moderate re-
ductions in the scale of combustion CO, and process
CO, emissions. However, they also offer specific
performance advantages, such as reduced require-
ments for maintenance and renewal. These cements
include belite cement, calcium aluminate cements
(CACs), and calcium sulfoaluminate (CSA) cements.
Most of these already have a long history of use, due
to their specific advantages in performance.*

The second main category of alternative cements is
magnesium-limestone-based cements. These are
made with magnesium carbonates or magnesium
oxides as the main ingredient, instead of calcium
carbonate.? As they are still calcined, but do not re-
quire high clinkering temperatures, they too can be
produced with fewer CO, emissions than Portland
cement.® There are two main downsides of magnesi-
um-limestone-based cements. The firstis cost (deep
mining would likely be required to source the reg-
uisite materials in the volumes necessary to make

a sizable impact — see below).” The other disadvan-
tage is that they can’t protect rebar from corrosion —
so cannot be used with conventional steel rebar.
Nevertheless, they can still be ideal for production

of precast elements, and for various niche applica-
tions.8 Sorel cements (also known as magnesium
oxychloride cements) are a type of magnesium-lime-
stone-based cement that are non-hydraulic, and
therefore only suitable for dry environments (they
are water-soluble, so in humid or wet conditions
they decompose and lose strength ).®

The third class of alternative cements are alkali-ac-
tivated cements (AACs) or geopolymer binders,
which are made entirely without the use of heat. In-
stead, they work via a reaction between an alumi-
nosilicate “precursor” and an alkali “activator” (for
instance, sodium silicate), added together to form a
gel that hardens through a chemical reaction.™ Pre-
cursors include blast furnace slag and fly ash, which
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are already used as partial substitutes in Portland
cement (see 3.2.2)." The production of AACs can re-
duce CO2 emissions by as much as 80 % compared
to Portland cement, while AACs themselves tend to
have higher strength and durability. However, they
are best used to produce precast elements or pre-
mixed concretes, so that the activator dosage can
be precisely controlled. The availability and cost of
activators is a major obstacle; yet AACs are today al-
ready used in a diversity of forms and contexts.’? A
recent example of their use is in the new Silvertown
Tunnel under the Thames.™®

The fourth main option is carbonation-based ce-
ments. Unlike Portland cement, these are non-hy-
draulic and harden through carbonation (the uptake
of COz2 from the air) instead of via hydration (see
1.4.1). This means they have the potential to even

be carbon-negative. Several companies are working
in this space. While their work garners arguably the
most attention of any of the alternative cements, it re-
mains to be seen whether they can move beyond the
demonstration phase. Carbonation-based cements
(by definition) cannot be used under water, since they
require contact with COzin the air to harden.

Carbonation-based cements are, in general, not a
viable option for reinforced concrete. Steel rebar
depends on the concrete to protect it from mois-
ture and maintain a high pH. Carbonation, however,
requires the penetration of CO, into the pore struc-
ture of the concrete, and this lowers the pH, leading
to corrosion (see 2.1.3, 3.3.1)." As such, carbona-
tion-based cements can only be used with reinforce-
ment if corrosion is actively addressed through ad-
ditional barriers — or if non-corroding reinforcement
materials are used instead.'

The fifth main class is biocements, created by
“growing” cement-like materials biologically. This
happens through fungal- and microbiologically-in-
duced precipitation of CaCQOs, similar to the natural
creation of corals and sponges.’® As a result, neither
high combustion temperatures or calcination are
needed, and these biocements could also have the
potential to be carbon-negative. There are several
start-ups and research teams working on this futur-
istic alternative."”” However, biocements appear to
still be in the early stages of development, and a lot
of questions surround the technology: for instance,
biocement durability and feedstock requirements.'®
They will not be discussed further here.

Table 4.1: Overview of the most widespread alternative cements."®
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Carbonation-based
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L Magnesium- o Biocements
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The most promising short-to medium-term alter-
natives seem to be magnesium-limestone-based,
alkali-activated, and carbonation-based cements,
which all have significant potential to bring emis-
sions down, due to a combination of reduced heat
required in production, and reduced (or no) calcina-
tion or other source of process CO2 emissions intro-
duced: in some cases up to a80% oreven a 90%
reduction.?® In practice, however, there are some
caveats.

First, the production of the raw materials for these
alternatives can already lead to high energy emis-
sions, or even high process emissions. For exam-
ple, the magnesium needed for magnesium-lime-
stone-based cements is primarily produced by
calcining magnesium carbonates, and this itself
leads to extremely high CO2 emissions. Similar ef-
fects can be seen with the production of the sodium
silicate required for clay-based AACs, or with the
mining of magnesium silicates.?’

Second, the raw materials required for alternative
cements are usually far less plentiful or economical-
ly available than limestone; or they are very unevenly
distributed around the globe. This could mean high-
er costs, orincreased mining or transport emissions
that would counteract any carbon saving; plus po-
tential mining conflicts as production increases.??

Third, some of these alternative cements, such as
slag-activated AAC, are based on industrial by-prod-
ucts, so the emissions they generate are often not
truly factored into the emissions account (compare
3.2.2). The real-life carbon savings of alternative ce-
ments can, in such cases, be less than promised.

Moreover, while many of these alternative cements
are already in use, scaling them up to a level of use
commensurate to Portland cement is very difficult,
for several reasons. The main reason is the giant vol-
ume of materials needed for cement production at
existing scales. Most alternative materials are sim-
ply not as abundant as limestone. For instance, pos-
sibilities for CSAs are constrained by a limited glob-
al supply of high-alumina raw materials. Even if all
global aluminium production were stopped and the
raw materials redirected to cement production, that
would not even provide 15 % of the current demand
for cement. Another example is the sodium silicates
for clay AACs, or wollastonite for carbonatable cal-
cium-silicate cements. These are currently pro-
duced at a scale not even sufficient to replace even
a fraction of a percent of global Portland cement. In
the case of magnesium-limestone-based cements,
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deep mining may be required in order to manufac-
ture volumes anywhere close to the volumes of Port-
land cement manufactured each year.z

Additional challenges loom over these three alterna-
tives. One is a lack of confidence in long-term per-
formance, while another is the limits to their benefits
in all but very controlled settings.?* There is a lack of
transparency among researchers, who favour the
sort of hype that keeps investment flowing in.?® Pre-
scriptive regulations that apply to Portland cement
alone are additionally a hindrance. Alternative ce-
ments need performance-based standards —based
on how well they perform rather than what specific
materials they contain. In contrast, prescriptive reg-
ulations specify exactly which materials and pro-
cesses must be used. The cement majors have a
disproportionate role in developing such standards
and a clear incentive to maintain the dominance of
existing standards, since they support their existing
products and investments (see 3.1.2).26

The development of regulations is slow, often taking
as long as ten years; the cement industry, and the
construction industry more broadly, are (for obvious
reasons) conservative by nature. Against the grain,
however, in recent years some states and jurisdic-
tions (the United States, for instance) have intro-
duced performance-based standards that make al-
ternative cements a reasonable option for engineers
and builders.

We should finally mention in brief two additional
options for replacing Portland cement, which draw
from history.

First, traditional lime mortars and plasters should be
mentioned — since they remain in widespread use
across the world today, as part of many traditional
building practices and in restoration and “heritage”
contexts (see 1.4.1).2” We will not go into them here
in any depth, since our focus is on structural con-
crete. Lime mortars are far weaker than prevailing
Portland cement-based concretes; however, they
still rely on high temperature calcination — albeit at
lower temperatures than in the production of Port-
land cement —and they produce considerable (albe-
it fewer) process CO2 emissions and energy-based
emissions in the course of manufacture. On the oth-
er hand, traditional lime mortars and plasters un-
dergo carbonation as they cure, and reabsorb CO2
much more readily than standard concrete. When
compared to modern cement, they also bring cer-
tain advantages in terms of comfort and health. For
instance, they help to passively regulate humidity.?®

83



84

4 Alternative measures

Lime mortars are already used to stabilize raw earth
in construction, and to make hempcrete (see 4.2.4
and 4.2.6 below).

Second there is Roman concrete. As noted already
(see 1.4.2), ancient Roman concrete is striking for
having proved so resilient over millennia —in sharp
contrast to modern concretes, which degrade with-
in generations. Researchers have only very recently
proposed a mechanistic explanation for this resil-
ience, connecting a process termed “hot-mixing”
to the formation of the white lumps (lime “clasts”)
that are found inside Roman concrete. They hy-
pothesise that rainwater or seawater seepage leach
calcium-rich hydrates out of the clasts and that
these repair cracks.?® This makes Roman concrete'’s
“self-healing” capabilities far superior to modern
concrete based on Portland cement.

Researchers in this field suggest that hot mixing, or
related methods, could now be deployed in a mod-
ern context, in order to lend modern concrete some
of Roman concrete’s durability. They speak, for in-
stance, of creating more durable concrete formula-
tions that could improve the hardiness of 3D-printed
concrete.® Nevertheless, such research remains in
its infancy. Moreover, as with traditional lime mor-
tars, such methods would presumably still depend
on the high-temperature calcination of limestone —
unless combined with some of the alternative ce-
ment processes outlined above. It remains to be
seen if Roman concrete could ever be made com-
patible with steel rebar —this would offer both ten-
sile strength and durability. This is unlikely, however,
because the very feature that gives Roman concrete
its self-healing ability — its permeability to moisture —
also creates conditions that accelerate rebar corro-
sion.

In short, none of these alternative cements can

be seen as a panacea, at least for many years to
come. In the words of the researcher Karen Scrive-
ner: “There is no miracle, ‘new’ cement out there
that can avoid the associated CO, emissions” —and
which can also be scaled up to the volumes in which
Portland cement is used today.?’

On the other hand, when thinking at a local scale,
“there is a great deal that can be achieved by the
production of fit-for-purpose local cement technol-
ogies and solutions specific to the areas where the
desired resources do exist.”32 For instance, clay-
based AACs have been considered a main way for

the UK cement industry to decarbonize, while car-
bonation-based cements could be important for un-
reinforced precast concrete parts, such as slabs and
bricks.33 This attention to context is especially true

if we are willing to move away from the idea that all
locations in the world can (or even should) be using
the same type of cement for all applications.

4.2 Switch materials

The second major alternative measure is to replace
concrete wherever possible with alternative mate-
rials. Although concrete is now so ubiquitous that it
appears irreplaceable, it is important to bear in mind
that until very recently (see 1.4) the material played a
negligible role. Instead, a diverse range of construc-
tion materials and techniques were used across dif-
ferent regions of the world, many of which still per-
sist in the margins today. In this subchapter we take
alook at the most important alternative materials,
exploring the contexts in which they can serve as
viable substitutes for concrete, as well as the limita-
tions that must be considered.3* Largely, these can
be divided into two main categories: plant-based
and mineral-based alternatives.

Plant-based (or biogenic) materials include timber
(4.2.1), bamboo (4.2.2), and agricultural products
such as straw (4.2.3) and hemp (4.2.4). These al-
ternatives are not only renewable, but also actively
sequester CO2 during their growth, storing it as “bi-
ogenic carbon” for as long as the materials are con-
served — as well as drawing down additional COz into
the soil during the growth phase. As a result, they
have the potential to not only replace a COz2-intensive
material but to also serve as a significant carbon sink.

Mineral-based (or geogenic) materials include stone
(4.2.4) and earth (4.2.5).3% Unlike plant-based mate-
rials, these are non-renewable, but often incredibly
abundant. These too tend to lead to fewer green-
house gas emissions than concrete.

These six alternative materials have already been the
most important construction materials since prehis-
toric times up until the 18th century, when concrete
and steel took over.3 None of them can entirely re-
place concrete as the “one size fits all” material of
the modern construction industry. Instead, as illus-
trated in Figure 4.2, each material is suitable for spe-
cific applications, and in combination, they canin
many instances replace concrete.’
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Figure 4.2: Overview of alternative materials with their most important applications

marked in red (authors' illustration).

For compressive strength, stone, bamboo, and tim-
ber are the main candidates to replace concrete,
even, forinstance, in the walls of high-rise buildings.
Bamboo and timber can additionally provide tensile
strength to rival steel or reinforced concrete; so too
can stone, when implemented skillfully. Meanwhile,
earth and straw can provide compressive strength
for low- and mid-rise buildings. Earth and hemp
(processed into “hempcrete”) can additionally func-
tion as alternative exterior and interior rendering ma-
terial, to replace the use of cement-based and tradi-
tional lime-based renders.

Options for replacing concrete in foundations may
be limited. Timber or bamboo piles can be used, and
are a common feature of many traditional buildings;
however, they are vulnerable to water, and have
restricted applications in many modern contexts.
Trenches of compacted aggregate can work well, but
they cannot provide the same “anchoring” function
of conventional concrete foundations.38 Traditionally,
cut stone has been used as foundations for earthen
walls, and that function could be revived and extend-
ed today, with the application of modern technology

and engineering knowledge.® It has been argued
that large masses of granite could be used to provide
foundations for on- and off-shore wind farms, and
similar applications.4°

Several additional factors need to be addressed at
the outset. First, switching materials is not as sim-
ple as replacing one block of concrete with a block
of something else. Each construction material ne-
cessitates distinct building techniques, manufactur-
ing capacities, and skill sets within the construction
workforce. As noted in 1.3, concrete has replaced
other materials to a very large extentin large part be-
cause it fit so well into the ascending capitalist sys-
tem. Therefore we must discuss how these materials
might fit into today’s socio-technological systems

of construction, and to what extent they might also
help to remake existing systems (see 4.2.7).

Second, and as noted above, “prescriptive” regula-

tions are a hindrance for alternative cements, and this

is also the case for alternative materials in general.

They too will require instead “performance-based”

standards and regulatory frameworks. 85
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Third, the availability of alternative materials varies
across regions. Most notably, the supply of plant-
based materials is constrained by biological and
land-use limits: where plants can grow, how fast,
and whether cultivation competes with food pro-
duction or forest conservation. An alternative ma-
terial is only a viable alternative where itis available
in sufficient quantities to meet social needs while
also conserving planetary boundaries. In general,
fast-growing species such as bamboo, straw, and
hemp, alongside a more limited use of sustainably
managed timber, represent the most promising al-
ternatives in this regard.*' Bamboo, in particular, can
reach maturity within three to four years and can se-
quester carbon several times faster than most tree
species, making it especially suitable for the Global
South, where construction needs are greatest.*? In
contrast, timber grows slowly and is best suited to
the Global North, where forest resources are great-
er. However, large-scale use of plant-based materi-
als will require careful investment in cultivation and
processing, as well as strict ecological safeguards to
protect biodiversity and prevent deforestation.

Fourth is the issue of greenhouse gas emissions. Re-
placing concrete with an alternative material does
not inherently result in reduced emissions. Rather,
the resulting emissions rest on a balance of forces.
In the first instance, the emissions required to ex-
tract, process, and use different construction ma-
terials varies; in the second instance, the whole life
cycle emissions of a material, building, or piece of
infrastructure, depend on what happens to those
materials at the end of their lifetime of use. In the
case of plant-based materials, there is sequestered
biogenic carbon (in the material itself, and in the soil)
that lessens the net emissions impact of such ma-
terials. However, a key issue when assessing the
emissions footprint of different materials is weight:
the sheer mass of different materials that is required
to accomplish a given task. Instead of comparing
emissions per unit weight, it is therefore far better to
compare materials based on units of end-use per-
formance. Various kinds of timber, including engi-
neered timbers (see 4.2.1) appear to come out best,
in that assessment, and far ahead of concrete-based
forms of construction.

4.2.1 Timber

One of the most promising alternative materials is
timber. Forests cover about one third of the Earth’s
land area and are found on every continent.*® Yet
trees mature only over decades (widely used pine
trees, for example, reach maturity only after 25-

30 years) so wood supply cannot expand rapidly to
meet near-term global construction needs.*

As a building material, timber can provide both com-
pressive and tensile strength; and it can be used in
many different ways: to make structural frames,
flooring, non-structural walls, and roofs, not to men-
tion window frames and furniture.*® Timber piles
also serve as a foundation in many traditional build-
ings.4

When used to construct load-bearing frames, tim-
ber can be either used directly in the form of sawn
logs (the traditional way), or nowadays it can be
processed into various forms of industrially-pro-
duced “engineered timber” (or “mass timber”): a
very promising class of plant-based construction
materials that can, in many instances, replace rein-
forced concrete and structural steel.#” While histori-
cally, timber could only be used to construct low-rise
buildings, highrise buildings can now be built with
engineered timbers.

One example of engineered timber is cross-laminat-
ed timber (CLT). This has very high levels of structur-
al rigidity, and itis similar in strength to reinforced
concrete. It consists of different layers of sawn tim-
ber, glued together at right angles to form structur-
al panels, and these can come in varying size and
thickness. Adhesives containing natural resins can
also be used. Glue-laminated timber (GLT/glulam)
consists of wood laminations (lams) glued togeth-
erin the same direction. Because the wood runs in
the same direction, glulam can be manufactured
into very long lengths and used to make wide-span
structural beams.*® Dowel laminated timber (DLT)
uses dowels (wooden plugs) to fix layers of tim-

ber together, and therefore forgoes the use of ad-
hesives. This reduces potential toxicity, while also
further reducing the embodied emissions of manu-
facture. Engineered joists are also common. These
products are highly fire resistant, especially when
deliberately oversized, because when they burn, the
outer layer chars, forming a fire-retarding layer for
the layers below. Together, these materials can pro-
vide structural strength (both compressive and ten-
sile) for wide spaces, with much higher load-bearing
capacity than allowed by traditional sawn timber.
Structurally insulated panels (SIPs) are prefabricated
units based on CLT, GLT or DLT: structural, pre-insu-
lated “cassettes” that can be assembled together
to form walls or floors as part of an integrated sys-
tem.*®



Figure 4.3: The Mjgstarnet tower
at its opening in March 2019.

Source: Nina Rundsveen, adapted under CC BY-SA 4.0 licence. https://
commons.wikimedia.org/wiki/File:Mj%C3%B8st%C3%Ab5rnet.jpg

A notable recent use of engineered timber is Mjgstar-
net, an 18-floor tower in Norway completed in
2019.%9 Though much of it is constructed with tim-
ber, it still relies heavily on concrete for foundational
and structural support — standing on a large concrete
slab at ground level with many floors also made of
concrete.® Another example is Ascent, a 25-story
residential building in Wisconsin, USA, completed in
2022. That building also uses a concrete base, plus
concrete elevator shafts and stairwells.5?

Both traditional timber and engineered timber have
the potential to replace concrete to a large extent.
While a mere 20 % of buildings in Europe are made
of timber, about 90 % of residential homes in North
America and Japan are made from wood.% As an
industrial alternative to concrete, engineered tim-
ber can be integrated quite easily into the prevailing
construction paradigm and cause relatively little dis-
ruption.5 Unlike some other traditional construction
materials, engineered timber does not require a more
labour-intensive construction site (see also 4.2.7).%°
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The crucial limitation for the widespread use of tim-
ber, however, is that wood grows very slowly. For-
ests take decades to mature, and forest loss is al-
ready an extreme problem globally, especially in the
Global South. Expanding timber plantations at scale
would likely drive further loss of old-growth and bio-
diverse forests, replacing them with monocultures.5¢
Land competition with food production further limits
the scope for global expansion. Nonetheless, in the
Global North, where managed forests are compara-
tively abundant, timber remains a viable low-carbon
alternative to concrete, provided that harvesting is
sustainable and long-term carbon storage is secured
through long lifetimes of use.

4.2.2 Bamboo

Bamboo has the distinction of being incredibly fast
growing (4-10 times faster than timber), and there-
fore offers far greater biological and land-use ef-
ficiency. Bamboo is technically not a wood but a
grass, and bamboo forests are widespread across
tropical and subtropical regions. Raw bamboo is al-
ready incredibly prevalent as a traditional building
material for homes in rural settings, and the plant
sits at the centre of many traditional myths and cul-
tural practices across Asia.%” Twenty years ago it
was estimated that an astonishing one billion peo-
ple worldwide lived in homes made of bamboo: that
number is likely to have declined markedly since
then, due to a combination of economic and cultur-
al factors.%® Raw bamboo is, by many, considered
crude (the “poor man’s timber”), and its use in urban
settings remains rare; however, it is very widely used
to construct scaffolding.5®

Bamboo could replace concrete in many instances,
asitisincredibly strong. Its compressive strength
can be double that of standard concrete; its tensile
strength can approach that of steel . Bamboo can
be used to make structural walls, trusses, roofs, and
flooring, and, like timber, it has some limited uses
as a foundation material. Fire risk is an issue, how-
ever, as is vulnerability to humidity, which requires
mitigation through, for example, building design
and use of coatings —though such coatings have the
disadvantages of introducing additional synthetic
compounds and limiting options for later reuse (see
4.3.6).5

Those downsides borne in mind, bamboo can be
used in its comparatively raw state. A good example
of this is provided by the recent pioneering work of
the Pakistani architect, Yasmeen Lari, in which she
deploys locally available materials in scalable and
widely replicable designs —for instance, combining
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bamboo frames with earth (see 4.2.6), combined
with thatch or reed roofs.%? Low-impact architecture
such as this reduces dependency on external sourc-
es of materials and know-how — and this makes
Lari’'s approach an especially valuable one for meet-
ing basic needs for housing globally, or rehousing
people in crisis-afflicted zones.

Bamboo can be processed into prefabricated struc-
tural units — something that has also been explored
by Lari.®® Alternatively, bamboo can be manufac-
tured into “engineered bamboo”, which is similar
to engineered timber. One example of engineered
bamboo is laminated bamboo lumber (LBL). Unlike
engineered timbers, however, LBL manufacture is
a net producer of greenhouse gas emissions —far
greater than concrete on a per-kilogram basis. This
results largely from the energy-intensive, high-tem-
perature air-drying process and other manufactur-
ing inputs.®*

Yet LBL also requires less mass to perform a com-
parable structural role. When assessed per unit of
built floor area, an engineered bamboo structure
therefore produces roughly half the greenhouse
gas emissions of a comparable reinforced-concrete
structure.%®

From the point of view of emissions alone, the best
way to use bamboo is likely in its unprocessed form:
cut, or else assembled into simple panels with min-
imal use of glues and other treatments. However,
mass construction programmes in urban contexts
are more likely to favour engineered bamboo. Avail-
able evidence indicates that engineered bamboo
would remain preferable to reinforced concrete (or
indeed steel), on the basis of greenhouse gas emis-
sions.

Aside from the emissions benefits, bamboo can also
deliver improvements to soil health. As a grass, it
has a shallow root system, which helps to hold to-
gether soils, preventing soil erosion and landslides,
while also acting to remediate polluted soils.®®

4.2.3 Straw

Straw, another important alternative material, is
generally regarded as a by-product of agriculture.
It consists of the stalks of cereal plants (such as

wheat, rice, barley, oats and rye) that remain after
their grains and chaff have been removed.%’

By weight, straw makes up about half the yield from
cereal farming. It is fast-growing (with cereals har-
vested once or twice each year), and it is a consider-
able repository of biogenic carbon, which compris-
es about 40 % of its dry-weight.® There is presently
an excess of waste straw in most of Europe. That
makes it an enormously plentiful and cheap building
material.®®

Straw has been used for millennia in traditional
building practices, as roofing and insulation, and

in combination with clay in half-timbered buildings
as infill and as a wall render (protective seal and fin-
ish). Straw is an excellent insulator, and also good
for acoustic isolation. It is comparatively fire-resist-
ant and weather-resilient, when used in the right
way. In the form of straw bales, straw can provide
load-bearing structural strength for buildings, with
bales assembled together like large bricks to make
whole walls that are capable of supporting a roof
made of timber or some other material.”®

The most promising use for straw, though, appears
to be as aninsulator, not as a structural replace-
ment for concrete. Countries the world over face an
enormous challenge in retrofitting existing homes
and other buildings to make them more thermally
efficient, and thereby reduce energy consumption
and increase energy security. According to recent
research, the EU’s annual excess of straw produc-
tion is enough to provide additional insulation to the
97 % of European buildings that need it (see 4.3.4).7
One example of the use of straw for insulationis a
housing developmentin Schwerin in East Germany.
Straw bales were added to the exterior of historic
brick brewery buildings and concrete buildings con-
structed under the German Democratic Republic
(GDR) - forming an external insulating layer, with all
the straw sourced locally.”?

In summary: though it can be used structurally for
low-rise buildings, the best use for straw is as insu-
lation. The excess straw harvest from Europe’s agri-
culture could provide the continent with virtually all
of the insulation that it needs, in order to become cli-
mate resilient for the future.
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Figure 4.4: A straw bale house in the “Sieben Linden” ecovillage in Germany.

Source: Okodorf Sieben Linden. Used with permission.

4.2.4 Hemp

Hemp is another important plant-based material.
Hemp is widely cultivable, and grows in a wide di-
versity of climates.” It has been used in construction
forover 1,500 years.”* However, it remains illegal in
many places due to its relationship to cannabis.”

Like bamboo and straw, hemp grows incredibly fast.
It can be harvested within just a few weeks.”® Its
rapid growth phase allows for enormous carbon-se-
questering capacities and a rapid rate of throughput
from atmospheric CO, to a stockpile of biogenic car-
bon.”” Crucially, it is also excellent at rejuvenating
degraded and polluted soils. It can be grown in un-
tilled soils, and can be used in rotation as a “break
crop”, thereby helping to boost subsequent crop
yields, while also providing another source of in-
come for growers.’®

Like straw, hemp can be used in its raw state as a
form of insulation. However, “hempcrete” can also
be produced by combining the inner core of hemp
stalks with water and a binder such as quicklime
(see 1.4.1). Hempcrete is a bit of a wonder material.
It cannot, on its own, be used structurally to make
walls, columns or beams, or for concrete founda-
tions, since it lacks sufficient strength. However, it
can be used as a non-structural element in walls.
Mixed on-site, hempcrete can be readily molded

into large, lightweight bricks, or it can be applied as
a surface render. It can also be manufactured into
prefabricated wall panels with very little expenditure
of energy.”

Figure 4.5: Hempcrete wall being built.

Source: Romancito77, adapted under CC BY-SA 4.0 licence.
https://commons.wikimedia.org/wiki/File:Mauer_6.jpg

Hempcrete has excellent thermal inertia, is highly
fire retardant, resistant to pests and mold, and bio-
degradable. Itis also breathable, meaning that it nat-
urally regulates a building’s temperature and humid-
ity, maintaining thermal comfort.
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Hempcrete has about 5% of the compressive
strength of residential grade concrete. However,

it weighs only about one-seventh as much as con-
crete, which is an advantage for minimizing the use
of structural materials (see 4.3).8% It is highly resistant
to fracture under movement, and therefore well suit-
ed to construction in areas at risk of seismic activity.
Hempcrete can also be reused if it is milled down and
then rehydrated. On the downside, itis very good at
retaining water: if waterlogged, and in the absence of
sufficient ventilation, it becomes vulnerable to struc-
tural degradation, reduced durability and/or decay.®

Another downside of hempcrete is that CO2 emis-
sions are produced during the production of the
quicklime binder (both energy-based and process
emissions) if alternative cements are not used in-
stead. Though not as high as the emissions from
Portland cement, they are still considerable —far
greater than those of the final concrete on a per-kilo-
gram basis (since a given mass of binder holds to-
gether a very low mass of hemp). On the other hand,
what hempcrete has, and cement lacks, is biogenic
carbon. Once that is borne in mind, then hempcrete
is a net-absorber of atmospheric CO2.82 On top of
that, hempcrete also (like lime plaster) absorbs CO2
during the remainder of its life cycle through carbon-
ation (see 2.1.3).83

4.2.5 Stone

Stone can be found underneath everyone's feet, and
there are few physical constraints to the availability
of stone globally. The challenges are practical and
ecological. Depending on the availability (and cost)
of suitable stone, it can replace concrete and steel’s
capacity for load-bearing, in partorin full. Itis the
“natural concrete” .84

“Prime cuts” of rare or beautiful stone, such as mar-
ble and onyx, have long been synonymous with ex-
pense and luxury.®® Yet history also suggests that
more widely available and generic sources of cut
stone need not imply a cost premium over other ma-
terials. Traditional stone buildings are ubiquitous in
many rural areas of Europe, indicating that stone
can often be economical, compared to timber. Aber-
deen, in Scotland, was almost entirely reconstructed
in granite during the 18th and 19th centuries — such
was the local availability of skilled labour, materials,
and new fossil-powered machinery to assist with
construction.® Cut stone, in the form of tradition-

al paving slabs and similar objects, has also been
widely used across Europe.

Stone lacks the portability and immediate conven-
ience of the ingredients that make up concrete.®
And yet, modern machinery can make light work of
transporting cut stone, and modern saws make ex-
traction much easier and more economical than in
earlier times. Much of the stone thatis used in rich
countries is imported from quarries halfway around
the world, meaning that if it weren't exported, it
could be made widely available locally.88

Stone is fire-resistant, resilient to mechanical ero-
sion, and resilient in the face of the elements (includ-
ing water). It does not decompose, and itis invul-
nerable to pests and mold.® Thermally, it behaves
similarly to concrete, and provides a good “heat
sink” and storage medium for thermal energy. How-
ever, itis a poor insulator.?®

“Post”-tensioning, as with concrete (see 2.5.1),
uses additional steel cables (tendons), to “squeeze”
the rock and add tensile strength, so that it can per-
form like reinforced concrete (albeit with the added
greenhouse gas emissions of steel).®" However, tra-
ditional stone masonry provides us with plentiful ex-
amples of stone used structurally without steel. Eu-
rope’s historical churches make it clear that arches,
vaults and domes can be formed simply by redirect-
ing the compressive load.

As mentioned above, stone could once again be
used more widely in foundations. For instance, advo-
cates of stone suggest that it could be used instead
of reinforced concrete to provide foundations for on-
and off-shore windfarms.®? As we see from history,
stone can be used together with timber to make hy-
brid buildings. Today, that might consist of stone col-
umns, assembled from blocks, combined with engi-
neered timber or bamboo beams and floor slabs.®

In the past, one challenge of stone was quality as-
surance, since one could not look within the stone
to see what it was like on the inside. However, ultra-
sound tomography now allows for checking individ-
ual pieces of stone for flaws and then grading them
for use. The diversity of natural stone could also be
embraced; costly finishing (widespread when itis
used as facing in luxury architecture) is not neces-
sary.% The growth in prefabricated housing can also
help to mainstream the use of structural stone in
construction. Digital design and CNC cutting tech-
nologies additionally offer more precision and in-
tricate design options and can minimize waste. For
instance, stone bricks could be fashioned for assem-
bly, with or without a binding mortar.®® Much of this,
however, is capital-intensive.



Figure 4.6: The 15 Clerkenwell Close
building in London.

Source: No Swan So Fine, adapted under CC BY-SA 4.0 licence.
https://commons.wikimedia.org/wiki/File:15_Clerkenwell_Close,_
Clerkenwell,_March_2022.jpg

Stone has now been widely trialed as a structural
material for prestige architecture. One such exam-
pleis 15 Clerkenwell Close in London, a seven-sto-
rey building that features 100 m® of limestone used
as a stone exoskeleton supporting the interior of the
building.®® That building’s embodied emissions are
apparently 10 % of what they would have been if
steel and concrete had been used instead. It has all
the appearance of luxury; however, the stone was
cheap: the cost of the outer shell and core was about
half of what it would have been had concrete and
steel been used. The basement and the upper floor
slab were made with concrete, however, the archi-
tects realized belatedly that they could have used
CLT instead, and that would have cut the construc-
tion time by eight months, while reducing emissions
further as well as the cost.%’

Finally, stone is easily and readily reused. On the
whole, itis most viable when minimally cut and with
few additional fixtures in place.®® When it comes to
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reuse, “Any stone building is a quarry”, a treasure
trove of stones that can be dismantled and usedina
cyclical fashion, at the end of a building's life.®®

4.2.6 Earth

Lastly, earth is also an important alternative con-
struction material. Earthen subsoil is a “virtually in-
finite resource on the planet”, and raw earth-based
construction has also been around for thousands of
years.'% Earth can be used structurally or for inter-
nal and external renders — protective and decorative
coatings applied to walls. The clay content in earth
acts as a binder that holds the material together and
makes it workable when wet.’®! The oldest surviv-
ing earth-based building is the Ramesseum in Egypt
(3,300 years old), and earthen construction can also
be seen in the Great Wall of China, the Potala Pal-
ace in Tibet, and the Spanish-Muslim Alhambra in
Spain.'0?

Earth-based buildings remain widespread interna-
tionally as a traditional form of construction, primar-
ily in small domestic settings and agricultural build-
ings.'® Methods like adobe, mud bricks, wattle and
daub, and rammed earth (pisé, Stampflehm, tapial)
use raw earth to construct buildings and other struc-
tures.’® As these historical examples make clear,
earth-based masonry can in fact be used to make
multi-storey load-bearing walls, replacing the use

of cast concrete or precast breeze block construc-
tion."%® Fired clay bricks are made from earth as well,
however they require kiln temperatures of around
900°C and thus generate notable greenhouse gas
emissions —though they are long-lasting, often re-
usable, and can be produced with lower emissions
when fired in electric or low-carbon kilns. %6

A recent estimate suggests that around 8-10 % of
the global population live in earthen buildings, with
the proportion rising to 20-25% in “developing”
countries.'” Depending on the site, one notable ad-
vantage of earthen structures is that earth can be
sourced at-site or from very close by. Ideally, local
samples of earth would be lab tested for compres-
sive strength, workability, resistance to erosion, and
other factors.’® However, the main advantage of
earth is cheapness, and this is the main reason for
its prevalence: earth is far cheaper than wood, fired
clay bricks, cement and steel, all of which are un-
affordable for many. The easiest way to build with
earth is to simply add water and let the resulting mix-
ture dry in the sun. Earth-based construction is usu-
ally performed by homeowners themselves, without
technical assistance.'®
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Figure 4.7: Historical rammed earth tower houses in Sana’a, Yemen.

Source: twiga_swala, adapted under CC BY-SA 2.0 licence. https://commons.wikimedia.org/wiki/File:Buildings_of_Old_Sana%27a_(%D8%B5%D
9%86%D8%B9%D8%A7%D8%A1_%D8%A7%D9%84%D9%82%D8%AF%D9I%8A%D9%85%D8%A9)_(2286029999).jpg

Earth has very high thermal mass, meaning that it
provides excellent protection from the sun while also
effectively retaining heat once warmed up — bene-
ficial for thermal comfort and reducing the need for
supplemental heating or cooling."® Earth also has
excellent acoustic qualities.” Unfired earthen ma-
terials can be readily retouched in place, reused, or
returned to their original location.'? However, earth-
en structures are unfortunately highly vulnerable to
earthquakes and similar mechanical stresses. This is
because they are heavy but brittle with poor tensile
strength, making them prone to fracturing and col-
lapsing during earthquakes.'® Moreover, many soci-
eties with a tradition of earth-based construction are
located in areas prone to seismic activity, which can
bring enormous loss of life.”4

Urgent steps are therefore required in order to struc-
turally retrofit existing earthen buildings wherever
necessary, and to implement suitable reinforcement
wherever new earth-based construction takes place
in regions vulnerable to seismic activity. Retrofits

can use external wood, cane, wire mesh, polyester
straps, or plate steel; externally applied plastic mesh
is cheap and has shown effectiveness in preventing
collapse.® Internal timber reinforcement at point of
construction, while costly compared to earth on its
own, is hugely effective and a long-standing tradi-
tional method of construction that is recommended
in various national and international construction
standards."®

Aside from seismic vulnerability, poor resistance to
water can also be a problem. Poorly sited buildings
and poor cross-ventilation add inefficiencies in ther-
mal performance. However, these downsides can
be reduced or eliminated through good design and
skilled construction.™”

Additives and stabilisers also enhance load-bearing
strength and water resistance. Historically, quick-
lime was used (as in the Alhnambra), and lime re-
mains widely used for this purpose today, although
cementis more common.''® However, Portland ce-



ment has been found to bring very minor gains in
strength, while delivering enormously increased em-
bodied emissions —far worse even than if Portland
cement-based concrete had been used in the first
place.’® Today, fly ash is widely used as a stabiliser,
as are natural pozzolanic clays, various plant-based
resins, gums, plant extracts and animal dungs.'?
Addition of banana leaves is a recent development,
as is the use of a biopolymer extracted from brown
seaweeds.'?’

4.2.7 Building local

Shifting to alternative construction materials is not
simply a technical matter, but also brings profound
implications for socio-technological systems of con-
struction.'? Perhaps the most significant change
implied by a shift in materials, away from cement,
stems from the fact that limestone is widely availa-
ble internationally, and that concrete similarly per-
mits construction to proceed everywhere on a sim-
ilar technical basis. The same cannot be said about
the alternative materials mentioned here, since their
availability and their properties can vary according
to location. This is particularly true for plant-based
materials.

There are multiple ways to address this challenge.
One approach is to incorporate alternative materials
into the existing industrialized construction model.
Forinstance, in the case of timber and bamboo (as
explained above), this can involve focusing on inten-
sive processing to create engineered, standardized
materials; pairing these with heavy machinery and
prefabrication, and with capital-intensive forms of
manufacture and assembly.'?

An alternative approach is to embrace the distinct
properties of alternative materials (their non-homo-
geneity, “imperfection”, regional availability, and
fluctuating supply), and work with these traits proac-
tively. This was, in fact, the norm before the advent
of concrete and steel, when construction relied ex-
clusively on local resources and labour. As a result,
traditional architecture was —and still is, where it is
practised —highly diverse across the globe, evolv-
ing organically to local requirements. Many use the
term “vernacular architecture” to refer to non-pro-
fessional, locally rooted building traditions.'?* Ar-
guably, traditional approaches to the design of
buildings and settlements may also reveal timeless,
and more humane, approaches to the organization
of interior space and the wider built environment:
homes and neighbourhoods laid out and developed
organically in response to day-to-day needs (practi-
cal, psychological, spiritual).’® The histories (plural)
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of vernacular construction offer much accumulated
wisdom for the world about how to build sustainably
and regeneratively, while also carrying forward and
developing the world's cultural heritage.'?® One im-
portant example of this is “bioclimatic design”: the
principle by which buildings are designed to work
“passively” with local environmental conditions

and to take advantage of whatever natural daylight,
heating, cooling, and ventilation effects are availa-
ble."? For instance, Mediterranean courtyard houses
create a microclimate that encourages shade, air-
flow, and evaporative cooling. Thick masonry walls
(stone or adobe) provide thermal mass, moderating
daily temperature swings; and they use blind walls
or small windows on outer fagades to minimize heat
gain. Good examples of this style of construction in-
clude the riad houses of Fes or Marrakech in Moroc-
co; also Greek and Italian rural homes.

Switching towards traditional materials and build-
ing practices in this way also implies shifting back
to the local: local labour, local resources, local sup-
ply chains, and a more hand-crafted construction
process. This could potentially reverse some of the
professionalization and hierarchies of construction
labour, and could also foster greater worker auton-
omy, turning design and construction into sites of
education, where skills are passed down and con-
struction cultures revitalized. Equally importantly,
paying local workers directly, rather than funneling
costs through large corporations, can ensure that
economic benefits circulate within local economies.
As such, to build locally can be understood as a re-
markably resilient way to create green jobs, with
great potential for positive social impact (see also
chapterb.5).28

Ultimately, both approaches (adapting alternative
materials to modern techniques and embracing tra-
ditional methods), are not mutually exclusive, and
they can be adapted and combined in hybrid fash-
ion, according to construction needs and the distri-
bution of suitable materials, know-how, and labour.
One useful example is a building concept advanced
in a recent report for the UN's “One Planet” initia-
tive.’?® It outlines how timber, bamboo, hemp, straw,
earth, clays, and stone could all be deployed along-
side some structural steel, some concrete, and glass
windows, in order to provide mass-scale, mid-rise
housing modeled after downtown Paris and Cairo.
The conceptis directed at an urbanizing Africa; how-
ever, when adapted, it could be applied anywhere in
the world.
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Figure 4.8: The UN'’s “One Planet” hybrid building concept combines industrial construction
materials for load-bearing and glazing, with traditional materials and methods used for wall

renderings and finishing.

Source: Figure adopted from Westerholm 2023. Courtesy of Sustainable Buildings and Construction Programme 2021.

Used with acknowledgment.

This typology also suggests a division of labour
according to capital- and labour- intensity. The
load-bearing and the more structural elements of

a building, the report suggests, would benefit from
more industrially-coordinated, capital-intensive
methods of construction (engineered bamboo, en-
gineered timber, or concrete and steel). Similarly,
building services would tend to be connected by a
utility firm or large outside contractor. On the other
hand, all internal walls, non-load-bearing structures,
services, and finishing could be provided by non-in-
dustrial and traditional methods. Modern construc-
tion norms would have a role to play, but they would
not dictate the overall programme of construction.
This strategy would enable mass-scale, mid-rise
housing to be constructed swiftly and efficiently,
while supporting local labour, local supply chains,
and alternative material economies.'s°

The challenges of scaling up local construction are
significant. Less industrialized methods require more
skilled local labour, and this must be nurtured and
developed, especially given the widespread loss of

traditional building knowledge. Local supply chains
for construction materials must also be coaxed into
existence and professional and regulatory stand-
ards changed.'® The cultural preference for archi-
tectures of excess over more frugal and sustainable
approaches to design and construction must also be
addressed. Much of this is explored in chapter 5.5.

4.3 Reduce material use

The third major alternative measure is to reduce
the overall use of construction materials wherever
possible. This is not merely a technical challenge,
but requires primarily social, cultural and economic
changes.

A key concept in this direction is sufficiency. This
entails a holistic approach that ensures everyone's
basic needs are met within ecological limits, while
curbing excessive consumption by those who have
more than enough.'? [t requires non-technical, so-
cial, political and economic change.



The largest sufficiency impacts on material use are
likely to involve the most large-scale social interven-
tions. For instance, remaking the global economy —
such that it would be oriented around meeting basic
needs, instead of directing profit towards sharehold-
ers —would constitute a large-scale, non-technical
social intervention. It would accomplish more than
most other conceivable strategies for curbing exces-
sive material consumption and instead direct ma-
terials and services towards those that need them
most. "33

When applied early in the process of industrial de-
velopment, sufficiency measures can also help to
ensure that countries and communities do not “lock
in” high levels of resource consumption for the fu-
ture. One example of such a lock-in effect is when
settlements are designed in such a way that they
create car dependency.'3* Large roads require reg-
ular maintenance and renewal —and this entails

the consumption of needlessly large volumes of re-
sources (aggregates and bitumen). Regular road
maintenance is also very expensive —and can be
fiscally bankrupting for car-dependent municipal-
ities.’ Reducing car dependency can be an espe-
cially impactful sufficiency measure, and will tend to
reduce inequality so long as practical and affordable
alternatives to private vehicles are widely available.

Sufficiency measures combine with efficiency
measures: largely technical interventions that result
in fewer material inputs being required per unit of
useful output. One example, for instance, is to re-
duce unnecessary waste during manufacturing.

Here we focus on reducing material use by: prior-
itizing basic needs (4.3.1); stopping bullshit demo-
lition, including needless demolition in war (4.3.2);
building to last (4.3.3); retaining and reusing existing
buildings and infrastructure (4.3.4), which in turn
entails maintenance, care, repair and renovation
(4.3.5); reusing materials (4.3.6); using materials
efficiently (4.3.7); building nature-based infrastruc-
ture (4.3.8); building compact, nature-infused cities
(4.3.9); and redistributing and sharing the existing
built environment (4.3.10).

4.3.1 Prioritize basic needs

There are two core sufficiency approaches that are
necessary for constraining material use in the built
environment: (1) direct materials to where they are
needed most; and (2) actively constrain material use
for socially unnecessary ends.

4 Alternative measures

Directing materials to where they are needed most
means prioritizing the satisfaction of basic needs
internationally — now and in the future. As noted in
Chapter 1.6, basic needs consist, at a minimum, of
good quality, secure housing for all, access to clean
drinking water and sanitation, and access to elec-
tricity. These are the social foundation of a just and
equitable world. Under an ethos of sufficiency, all of
the materials that are needed to satisfy the world’s
basic needs would be directed to wherever those
basic needs exist.

As indicated in chapter 4.2, the mobilization of
alternative materials, and particularly plant-based
materials, is contingent on natural availability: a
function of biology, geology, and competing claims
on land use. Prioritizing basic needs, among other
things, therefore means sourcing suitable materials
based on the geography and distribution of needs.
The priority should be using alternative materials —
bamboo, timber, stone, or earth —wherever they can
meet basic needs within planetary boundaries, and
this would also require establishing adequate supply
chains. Where concrete and other industrial materi-
als remain necessary, adequate manufacturing ca-
pacity must be established in those locations. Still,
doing so should follow the sufficiency approach,
producing only what is needed to meet basic needs
rather than excess driven by profit or speculation.
Moreover, where inadequate economic “demand”
already exists, capable of meeting basic needs,
then such demand would have to be putin place by
states instead, using all tools at their disposal at a
national and international level.

Constraining material use for socially unnecessary
ends means simultaneously and severely constrain-
ing what we have termed “bullshit construction”, a
form of over-consumption conducted by, and on be-
half of, the wealthy (see 2.6.3). Frequently, such con-
struction occurs simply as a tool of financial specu-
lation or solely for purposes of elite consumption.

As we noted previously, “bullshit construction” is
widespread across the Global North and the Global
South. We highlighted the example of Lagos in Nige-
ria, where millions live crammed in slums and with
few amenities, where “the amount of buildable land
far outstrips the state’s housing needs,” and yet, “the
government itself seems invested only in the hous-
ing needs of the rich.”'3 The poor are frequently dis-
placed to make way for new luxury developments.
Resources should be directed instead at upgrading or
replacing the homes of the poor and providing those
communities with the amenities that they need.
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Prevailing economic and political structures are de-
signed to benefit the wealthy. Decades of neoliberal
policy and ideology have reinforced the belief that
the state’s primary role is to serve private capital,
rather than to guarantee social and ecological well-
being.’¥ Overcoming this logic requires confront-
ing the financial and institutional arrangements that
sustain it —forinstance, the dependence of public
investment on private borrowing, rather than on di-
rect monetary creation through central banks.'38 In
the case of poor countries with very few external
currency revenues flowing in, some external assis-
tance will arguably always be necessary for building
the necessary housing and infrastructure to meet
their basic needs. Such support can, and should, be
provided by the rich states, and without the imposi-
tion of debilitating loan conditions. It would require,
however, a suitable international financial architec-
ture to be putin place.’ That is a key requirement
for meeting the basic needs of all, and delivering on
an ethos of sufficiency internationally.

4.3.2 Stop bullshit demolition

The second measure towards reduced material use
builds on the first: itis to stop “bullshit demolitions”.
Bullshit demolition is the sort of unnecessary demo-
lition that makes way for bullshit construction. Build-
ings and infrastructure are far too often demolished
despite being physically in good shape. The decision
to demolish reflects simply the changing structures
of economic demand, or changes in surrounding
land use.’® Bullshit demolition is not brought about
by physical deterioration. It is driven by political and
economic decisions. A building may cease to be
economically productive or cost-effective for the
landlord, due to changing land values or gentrifica-
tion. Perfectly habitable buildings are torn down to
be replaced with new ones, in order to extract the
most value out of real estate and create investment
flows and opportunities.'! We have cited forced dis-
placements in Lagos in Nigeria, where slums may
be deemed to be situated on prime real estate. We
have also cited forced evictions in India, where in ex-
cess of 500,000 people were forcibly evicted from
theirhomesin 2023 alone, in the name of “slum
clearance”, “beautification”, and the removal of “en-
croachments” (see 2.6.3)."2 In rich countries too,
gentrification remains a dominant dynamic within
urban development. Often, perfectly viable buildings
may be demolished simply on account of some ill-de-
fined urge for something more “modern”: for rea-
sons of prestige, for the city, developer, neighbour-
hood and so on. A sufficiency approach to material
use would tend to regard all such bullshit demolitions
as a tremendous waste of resources. In the words of

Carl Elefante, former president of the American In-
stitute of Architects: the greenest building is the one
that already exists.' All such bullshit demolitions
should cease, if we are to sustain and reproduce our
built environments with respect for the balance of
basic human needs and ecological limits.

Where slums are concerned, such neighbourhoods
require instead what the UN terms a “participatory
slum upgrading approach”: moving people out of
slum-like conditions, while keeping communities
together, and dramatically improving the quality of
homes and access to amenities.’*

As with buildings, so too in the case of infrastruc-
ture: a structure may become “obsolete” simply
because planners and property owners decide to re-
organize other aspects of the built environment.'4®
Premature obsolescence of this sort is not physical
but structural (“system obsolescence”).#¢ It is most
prevalent in regions undergoing rapid economic de-
velopment, butitis also widespread throughout rich
economies.' To avoid this, owners of buildings and
infrastructure, and the public at large, instead need
to prioritize longevity. An approach to planning that
is ecologically sustainable and efficient in its use of
resources involves resisting dramatic rearrange-
ments of the built environment, in favour of a flexible
approach to what already exists.

Warfare is an additional cause of deliberate and
needless demolition. More than “bullshit”, the use
of artillery to intentionally destroy buildings and in-
frastructure is a moral abomination, bringing death,
famine, and disease. Addressing the UN’s General
Assembly on 27 September 2024, speaking about
Russia’s assault on Ukraine and Israel’s decimation
of Gaza and its people, Mia Amor Mottley, the prime
minister of Barbados, highlighted war's waste of re-
sources: “We cannot afford the distraction of war.
We need a reset.”'*® War is a mass waste of human
life and the built environment. This is accomplished
through ammunition and explosives that cost thou-
sands or millions of dollars. Measured against peo-
ple's enormous urgent and unmet needs, and our
multiple environmental crises, such material waste
and intentional destruction are unforgivable.

4.3.3 Build to last

Beyond the purely social prerogatives of bullshit dem-
olition, however, curtailing needless demolition also
means ensuring that buildings and infrastructure are
built to last. Building to last means that the physi-

cal structure itself has the longest possible lifespan.
This starts at the level of design, with all elements of



a structure designed for longevity and minimal main-
tenance and cleaning. It continues through construc-
tion, with good workmanship, appropriate use of ma-
terials, and no corners cut in the name of profit.

In the case of concrete stocks, we have argued that
the widespread use of steel rebar in reinforced con-
crete is already an Achilles’ heel that begins at the
design stage and shortens the lifetime of buildings
and infrastructure (2.5.1). We have indicated the
longevity advantages of curbing the use of steel re-
bar. Another route to increased longevity can come
through the use of alternative cements in niche ap-
plications. For instance, calcium aluminate cements
(CACs) possess a chemistry that helps to inhibit bac-
terial growth and thereby reduce damage, useful in
sewers and similar infrastructure.’®

With regard to minimizing physical maintenance,
“self-finishing” materials are preferable wherever
practical. These are materials that require no addi-
tional finishes or coats of paint that have to be spo-
radically reapplied."® Ceramic tiles are self-finish-
ing; wood or earth-based surfaces can be, or can
require only minimal treatment; stone, earth, brick,
concrete, and metals can all be self-finishing on ex-
terior surfaces; so too are metals that don’t rust like
aluminium, copper, brass, and bronze. Non-self-fin-
ishing materials include plasterboard (drywall), and
exterior metal work vulnerable to corrosion. An ab-
sence of additional finishes or paint also permits
easier disassembly and reuse of materials (4.3.6).'®

Moreover, materials can be chosen on the basis that
they wear well and retain their function physically,
while also looking good through years of intensive
use or exposure to the elements. Indeed, the built
environment can be entirely designed, built and
used with an assiduous respect for the natural qual-
ities and life cycles of its materials and their ageing.
Forinstance, different timbers weather in a variety of
ways over time, in relation to whatever climate they
are exposed to — while remaining structurally sound.
These changes in appearance can be embraced
within building design. Such choices amountto an
alternative ethics of material use: “observing the full
bio-geophysical circumstances that influence how
something exists or appears in the world.”'%2 This
implies an ethics of care as well as minimizing un-
necessary repairs (see 4.3.5. below).

Building to last, however, must not mean that build-
ings and infrastructure should remain stubbornly
resistant to modification or to partial or complete
disassembly. Architects and engineers can plan for
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flexible use and adaptations in use (4.3.4), and de-
sign for disassembly (4.3.6), in order to ensure an ef-
fective delivery of services through an efficient and
sufficient use of materials.

4.3.4 Retain, reuse and retrofit

A fourth way to reduce material use is to retain ex-
isting structures as much as possible and for as
long as possible. A recent study that looked at the
United States suggested that, over the entire peri-
od 1900 to 2015, a 50 % elongation of the lifetime
of all concrete stocks could have reduced US con-
crete use by 14 %, with a commensurate decrease
in the production of greenhouse gas emissions.'s3
Once again, “the greenest building is the one that
already exists”, and the same principle also applies
to infrastructure. On the other hand, decrepit struc-
tures must not be used beyond their physical limits,
and beyond the scope of repair. While we can plan
to retain existing structures for as long as possible, a
structure rendered useless is a wasted structure.®*
The emphasis here is on actively modifying, adapt-
ing and renovating existing structures in such a way
as to extend their reasonable lifetime of use. It addi-
tionally requires that structures are cared for, main-
tained, and repaired as necessary (4.3.5).

Moreover, when needs change, the function of a
structure can be changed too, leveraging its func-
tions for a new life. This is called adaptive reuse.
Adaptive reuse can be fruitfully applied to buildings
and infrastructure. It is particularly useful for ensur-
ing the continued productive use, and preservation,
of heritage buildings.®® Moreover, structures can
also be extended or their interiors rearranged.

In most circumstances, renovating and adapting an
existing building will impose fewer environmental
and social burdens than demolition. An excellent
example of such renovations is the work of the ar-
chitect duo Anne Lacaton and Jean-Philippe Vassal,
which are spatially generous, beautiful, retrofitted
expansions of existing social housing blocks. In one
instance in Bordeaux, for example, the architects
added glazed “wintergardens” and balconies onto
the side of existing apartments — providing more
space, more natural light, improved views, and
greater fluidity of use.'® Lacaton and Vassal's retro-
fits also significantly improve buildings’ thermal per-
formance, with minimal embodied emissions. '’

We have mentioned the importance of retrofit to
strengthen earthen buildings in areas of seismic
risk. An additional factor for extending the service
life of buildings is that most buildings that are stand-
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ing today offer scant protection from heat and cold,
and therefore require intensive use of supplemental
heating and cooling.

According to the Buildings Performance Institute
Europe, about 97 % of the EU’s buildings require
“deep” retrofits to add significant insulation, so that
comfort and energy security can be guaranteed

for their occupants, and so that the EU will meet its
emissions-reduction goals."® According to recent
research, the EU’s annual excess of straw produc-
tion is more than sufficient to provide adequate in-
sulation materials (see 4.2.3).7%° To this end, con-
struction workers could be redeployed out of bullshit
construction and into retrofitting.

It should be noted, however, that such renovations
must come with certain protections for tenants, if
“ecological gentrification” is to be avoided: the costs
of retrofit passed on to tenants in the form of high-
er rents, with the inevitable evictions that would fol-
low. 160

4.3.5 Care and repair

If buildings and infrastructure are to last, another es-
sential sufficiency measure is that they be cared for
and repaired adequately. Greater physical durabili-
ty can be specified at the design stage and through
good construction; an effective choice of materials
can furthermore ensure fewer maintenance require-
ments. However, all structures nevertheless require
care and maintenance if they are to survive into old
age.

Key here is to design structures that inspire the care
of their users. Structures that are designed to care
for people will tend to inspire those people to care
for them in turn.Maintenance and care can preserve
a structure for many years, but eventually every
building requires repair. Repair, in this sense, is sim-
ply care taken one step further. At times, genuine
care involves larger acts of renewal — refurbishment
or renovation that restore both function and mean-
ing. Where parts of the built environment become
degraded over time, a sufficiency approach requires
that they be fixed. Renovations that extend building
lifespans and reduce environmental burdens should
also be pursued, following sufficiency principles.

We have noted that some materials are easier to
repair than others. The surface of concrete can be
patched up with mortar; however, reinforced con-
crete is a nightmare to repair if it suffers structural
degradation (see 2.5.1). Earth-based masonry and
renders can be seamlessly retouched at the sur-

face.'®' Plant-based materials such as timber can be
vulnerable to pests, and may in some circumstances
require remedial action.'®? Poor ventilation and hu-
midity can negatively affect many materials. A ho-
listic approach to design will seek to minimize such
risks; yet care for buildings and infrastructure will of-
ten require vigilance on the part of owners and users.

There is an important aesthetic componentin all
such “reparative” activities. All materials exhibit
wear and tear over time, given sufficient exposure to
the elements or intensive use. The “look” of a build-
ing or piece of infrastructure can be important to

its users; and sometimes the look of something de-
pends on an aesthetics of newness or of cleanliness.
Yet, as noted above (4.3.3), wear and tear need not
degrade the essential functionality of a structure;
aging materials can also look good. Given an alter-
native ethics of material use that simply respects
how materials age, repair may indeed not be neces-
sary, and needless additional material consumption
and expenditure of time and energy can be avoided.
However, the users (and maintainers) of buildings
also need to be on board with the cultural precepts
and aesthetics of the designer, so that they do not try
to "fix” something that doesn’t need fixing, and in
the process perhaps do more harm than good. 63

4.3.6 Reuse materials

Another important measure to reduce the need for
construction materials is simply to recycle and reuse
materials that are already in the built environment.
This practice is nothing new. For most of human
civilization, reusing building materials was stand-
ard practice, for simple economic reasons. For in-
stance, thereis a Latin word for stone taken from an
old structure and repurposed on a new one: spolia.
However, reusing materials has become a negligible
part of construction today.'®* This reflects changes in
the economics of construction: materials, especial-
ly cement and concrete, have become cheap com-
pared to the costs of labour and machinery, leading
to wasteful practices which must be overturned.

Creating more of a circular economy for construc-
tion materials could have enormous potential for
stemming the flow of construction materials into
landfills, and could turn cities into “urban mines”.'6®
And yet, the reuse of whole components tends now-
adays to be a very labour-intensive and time-con-
suming process.'® [t is no surprise that this happens
only rarely, and often focuses on single, highly val-
uable components — for instance, copper pipes and
roofing materials. The majority of materials are sent
to waste.



At the same time, there are already numerous ex-
amples of how the construction industry repurpos-
es industrial and household waste, such as using fly
ash in cement or manufacturing “plastic bricks” by
melting sand and waste plastics at around 220°C.
These bricks are low-energy to produce, divert plas-
tic from landfill, and can even outperform tradition-
al clay bricks in strength.®” Nature-based materials
are likewise particularly amenable to reuse and re-
cycling. Wood from a building can be repurposed
as furniture. As we have seen, earth and hempcrete
are both readily reusable, although in a manner that
requires their partial destruction and reconstitution.
Modular components can also be removed and re-
deployed. This is as true for precast concrete ele-
ments or steel structures as it is for CLT components
or other natural materials.

More than that, there is enormous scope for all new
buildings and infrastructure to be designed from

the start with ease of disassembly in mind — called
“design for disassembly”. Here, bolts and dowels
are used instead of glues; paints are avoided, and
“self-finishing” materials are used instead, among
other strategies (4.3.3).'% Technological innovations
could also help here, such as through digital design
platforms like Autodesk Revit and ArchiCAD, which
can itemize every componentin a given design (if
necessary, down to every screw).'®® “Material pass-
ports” are an IT-based tool for keeping inventory of
all the materials in a structure, so that they can be ef-
fectively harvested in the future. These take the form
of a digital document (or dataset) that is held by the
owner of a building or piece of infrastructure. It can
be updated during renovations; and it can be made
available at any time to help plan for the salvage and
reuse of materials.” One middle-ground proposi-
tion that seems promising and scalable comes from
the Brussels-based cooperative RotorDC, which op-
erates a waste database and marketplace, an eBay
of sorts for recycled materials.’”’

4.3.7 Use materials efficiently

Aside from sufficiency measures, efficiency meas-

ures are another, though often more marginal, way
to reduce the overall use of materials in the built en-
vironment.

Efficiency measures allow for more material “out-
puts” per unit of material “input”. This might involve
the more efficient transfer of energy, for instance. As
we saw in chapter 3, in relation to cement produc-
tion, improvements to the efficiency of manufactur-
ing usually consist of marginal technological refine-
ments applied to existing processes.'”?

4 Alternative measures

Beyond the manufacture of cement, there are im-
portant efficiency measures that could be brought
to bear on the production and use of concrete and of
the various alternative materials outlined in chapter
4.2. We focus here on efficiencies in the use of ma-
terials, but touch briefly on wider issues of energy
efficiency insofar as they impact material use in the
built environment. All such efficiency improvements
are welcome, whether they are applied to the manu-
facture of cement, concrete, products made of tim-
ber or bamboo, or any other nature-based material.

Before going on, itis important to note that signifi-
cant risks stem from the so-called “rebound effect”.
As mentioned already, this states that, as efficiency
gains are made, greater material use often ensues —
usually because the product becomes cheaper and
economic demand for itis “elastic”.® All of the suf-
ficiency measures enumerated here comprise an
essential set of tools for constraining the rebound ef-
fect, by constraining material throughput at point of
use.* However, sufficiency measures applied in one
area of society may themselves also lead to rebound
effects in another area, without a broad-based ap-
proach to sufficiency.

As in any area of production, however, with con-
struction, efficiency gains can accumulate once
applied across the whole value chain of material
production, design, and assembly. Moreover, these
holistic changes can amplify the benefits. Changes
of this kind essentially combine both efficiency and
sufficiency measures.

An important credo for efficient construction is
building light. Building elements can be specified
to be less heavy and require less structural support.
This reduces the need for supporting materials, and
it also reduces the dependence on high-energy ma-
terials (such as steel or reinforced concrete).”®

In addition, “material-efficient design” and “lean de-
sign” (also lean architecture) aim to maximize the ef-
fective material outputs per unit input by minimizing
waste. They range from eliminating rounding mar-
gins for cut materials (reducing the number of off-
cuts), to more accurate modelling of building phys-
ics, or better thermal modelling.'”® Better modelling
helps to prevent over-specifying materials for perfor-
mance, or over-engineering a design. For instance,

if you only need to support 1 tonne of vertical load,
then there is no need to specify materials or engineer
a structure that can withstand 100 tonnes of load.
Similarly, if a building is very thermally efficient and
requires very little supplemental heating or cooling
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(and the designer knows this in advance), then there
is no need for the designer to specify for a highly en-
ergy-intensive heating or cooling system, with capa-
bilities (and costs) far in excess of what is required.

Building light and material-efficient design can be
applied to all materials and building methods (al-
though digital design tools help). Where concrete or
reinforced concrete are used, material efficiencies
can come, for instance, from downsized compo-
nents, or from not over-specifying for the strength or
durability of concrete.'”” Over-use of steel rebar sim-
ply due to ease of installation typically can, according
to one study, lead to 15-30% more steel being used
thanis necessary.'”® Use of precast elements can in-
crease precision, while permitting marginal efficien-
cy gains in manufacture and reducing waste. As not-
ed above (2.5.1), pre- and post-tensioning, in place of
steel reinforcement, minimises the use of steel.

On the other hand, rammed earth- and stone-based
construction are intrinsically heavy if those materi-
als take on load-bearing responsibilities. That should
not disqualify them from use, however. Rather, good
design sense implies that heavy materials should be
minimized wherever they impose load-bearing re-
sponsibilities on the materials below them.

It should be noted, however, that lean design also
comes with its risks, since close margins leave less
room for error or for unforeseen events. Unforeseen
seismic shocks are one example.'”® Extreme weath-
er events, such as tropical storms, ice rain, heavy
snowfall and flooding, are another, and these are
only forecast to become more frequent. Optimized
design also depends on good modelling from the en-
gineers, precise implementation of the design, and

a highly qualified and skilled workforce to carry out
the construction work.'® Many of these principles
can be eroded through efforts to “value engineer”
the costs of construction to maximise profit, often
resulting in lower quality materials and construction.
With all such factors in mind, some over-specifying
can be seen as a “good” adherence to the precau-
tionary principle.

Finally, it should be mentioned that many forms of
material and energy efficiency in the economy at
large can help to reduce the quantity of materials
that are required in the built environment. Two ex-
amples stand out. Good insulation in buildings can
significantly reduce the amount of energy that is re-
quired to heat or cool homes. Similarly, electric heat
pumps and electric motors in vehicles bring large
end-to-end energy efficiency savings to home heat-

ing and cooling and to transport. In the context of
green transition, all such measures are crucial. They
necessitate short-term expenditures of materials
and energy to procure long-term and long-lasting
reductions to the quantity of energy that we need to
consume. That, in turn, helps to constrain the scale
of concrete (and concrete alternatives) that we need
to deploy for green power generation, power stor-
age, and electricity transmission.

4.3.8 Nature-based infrastructure

All of the nature-based construction materials out-
lined above (Section 4.2) tend to be associated pri-
marily with the construction of buildings. Stone
and earth are already widely used in infrastructure
instead of concrete. However, there is greater po-
tential for nature-based infrastructure to meet basic
needs, globally.

Nature-based infrastructure (NBI) refers to the use
of living nature and the landscape to address infra-
structure needs. Itis particularly relevant for two
broad sets of tasks. First, it can provide water-relat-
ed infrastructure: freshwater delivery, water filtra-
tion, water storage, and wastewater treatment. Sec-
ond, it can bolster resilience to climate change. Here
we outline these approaches.

Infrastructure projects and public works in the mod-
ern era have, as we have seen, predominantly relied
on man-made built infrastructure systems. These
have often been pursued to the detriment of the
immediate natural environment, with an ensuing
loss of natural carbon sinks, to say nothing of the
upstream costs and damages that have accrued
through cement and concrete production (chap-
ter 2).181

Moreover, we have also seen that, currently, infra-
structure construction globally consumes roughly
one-third of the cement and concrete produced. Too
much of this construction tends not to go towards
meeting basic needs, and goes instead towards
supplementing resource-intensive lifestyles and
over-consumption — for instance, urban highways
and airports. Nevertheless, according to the UN, NBI
has the potential to directly address many basic in-
frastructure needs, eitherin part or “entirely”.'82

When infrastructure is directed according to basic
needs, water and sanitation (alongside housing and
electricity) tend to come first, and these most signif-
icantly advance the welfare of populations.'® Water
and sanitation infrastructure comprise a significant
bulk of the 8 tonnes of cement per capita deemed



to correlate, historically, to the satisfaction of basic
needs (see 1.6).'% NBI could replace much of that. It
would do so at a fraction of the environmental cost
of prevailing concrete-based construction.

Traditional communities have de facto utilized NBI
for generations, imposing a light touch on natural
processes while supporting complex ecosystems.
Industrial societies have much to learn from these
techniques, characterized by their ability to promote
hydrological and ecological sustainability, and maxi-
mize agricultural productivity and land-use intensity,
within “closed-loop” material cycles. Examples in-
clude the Kuttanad Kayalnilam paddy farming sys-
tem in India that accommodates salinity intrusion on
reclaimed land; and passive irrigation systems at the
Ramlilagoon farms in Tunisia.'® Indian water johads
and cheruvus, and similar community-scale pro-
jects, can (at least in part) substitute for large-scale,
centralized water engineering infrastructure — such
as those forirrigation and flood control.’® One ex-
ample that “combines green and grey” infrastruc-
ture can be seen in and around New York City: the
area's three protected watersheds are 75 % forest-
ed, and this reduces the need for man-made water
treatment facilities.’® In coastal regions, NBI might
include, forinstance, the targeted regrowth of man-
grove swamps as natural flood defences, and as
sites of rich ecological diversity.

In urban coastal areas, “sponge cities” are designed
to combine flood protection with systems of fresh
water and wastewater management, integrated into
a hybrid urban-natural environment.'® Reducing
the number of hard surfaces and volumes mitigates
overheating and flooding. The introduction of green
space and plant life, “rain gardens” and sustainable
urban drainage systems (SUDS), can assist with ef-
fective natural drainage. Moreover, the addition of
plants and trees increases shade in urban areas; and
ponds and waterways help to bring temperatures
down, especially in arid climates. All such measures
are examples of “climate-sensitive planning”.'8®

On the other hand, man-made infrastructures are
themselves becoming more and more vulnerable
to the effects of climate change: flooding, tropical
storms, drought. NBI can help to build resilience by
providing protection against urban flooding, dissi-
pating coastal waves, and giving flood and storm
surge protection.’® Reducing the amount of new-
build infrastructure that is required also means that
more material resources can be redirected to the
maintenance and repair of existing infrastructure
and to meeting basic needs elsewhere.™"

4 Alternative measures

There is broad scope for using nature-based infra-
structure to “enhance” existing infrastructure — for
instance, by offering flood and storm protections,
heat regulation, or erosion and sediment control.'®?
However, much existing infrastructure could also be
dismantled and wholly replaced with nature-based
alternatives: a good example of this is the needless
prevalence of non-porous surfaces in towns and cit-
ies, many of which should be torn out and replaced
with natural drainage instead (see 5.7, below).'%3

NBI offers plenty of additional benefits besides
these. A major benefit is carbon sequestration and
enlarged natural carbon sinks through increased
plant life. Another is reversing the loss of nature, with
ecosystem restoration and improved “ecosystem
health” through expanded habitats, enhanced eco-
system connectivity, and increased canopy cover.'%
Various “co-benefits” also follow, including better air
quality, energy-savings through urban cooling, and
improved mental and physical health via greater ac-
cess to nature.’ As such, NBI could be vital simply
as an instrument of restoration as we tackle the “tri-
ple planetary crisis” and fight to repair the devasta-
tion that has been inflicted on the natural world.

In many ways, NBl is the ideal “integrated approach”
to the challenges we collectively face: it provides al-
ternative forms of infrastructure that avoid the em-
bodied costs and damages of prevailing approaches;
it can provide important sources of mitigation for the
climate emergency; it can restore ecosystems and
habitats that are dangerously degraded; and it can
additionally protect traditional forms of connection
to the land. However, as with all such interventions,
one has to guard against greenwashing — with NBI
used simply to "offset" the continued overuse of built
infrastructure elsewhere and permit an otherwise
unreserved consumption of concrete and steel and
the continued burning of fossil fuels.

On the other hand, NBI, and the expansion of forest-
ry in the name of infrastructure and climate change
mitigation, cannot be allowed to come at the ex-
pense of a widespread loss of biodiverse habitats,
natural carbon sinks, and local/ Indigenous rights to
use land and resources.'®® While the evidence base
for such projects points tentatively in a positive di-
rection, the environmental and social risks must be
carefully considered.’

4.3.9 Dense, nature-infused cities

A further measure to reduce the use of concrete —
and reduce the use of other building materials too —
is to build settlements differently: through densifi-
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cation and infusing them with nature. This can also
lead to less carbon intensive, more environmentally
friendly, and healthier ways of life.'%

A key part of that is sufficiency of living space.
Homes need to be big enough for people to live in
comfort, with the ability for privacy, and without
overcrowding. How much space a person needs to
live in basic comfort and dignity is not always the

same across time and cultures. However, one recent

study suggested that 30m? of interior space per per-
sonis a viable universal norm, compatible with an
equitable approach to global development, while
simultaneously averting climate disaster.’®® Howev-
er, homes should also not be too big either, or too far
apart. Land and space are a valuable resource; they
need to be shared equitably if everyone is to have
enough to meet their basic needs. More than that,
everyone should be able to live well.

Figure 4.9: A pedestrianized plaza in Sant Antoni superblock, Barcelona.

Source: Cataleirxs, adapted under CC BY-SA 4.0 licence. https://commons.wikimedia.org/wiki/File:Superilla_del_barri_de_Sant_Antoni,_Barcelona_4.jpg

In terms of bringing more nature into cities, we have
just mentioned the various “co-benefits” of bring-
ing people and nature closer together through na-
ture-based infrastructure. They include improved
drainage, urban cooling effects, and improved men-
tal and physical health. Everyone needs sufficient
access to green space and nature.

Once such basic individual needs are met, density
can bring huge (and compounding) sufficiency and
efficiency advantages for urban development. In
the first instance, denser cities literally take up less
space and require fewer materials for construction.

This creates efficiency savings by physically reduc-
ing the volume of concrete, cement, and other ma-
terials that need to be laid down, in order to connect
homes, workplaces, amenities, and people. The per
capita length of piped infrastructure (for fresh water,
waste water, communications), and the associat-
ed material stocks tends to decline as cities densify.
Similarly, situating people closer together, within
easy reach of one another, and close to essential
resources and amenities like food and entertain-
ment, directly reduces our need for transport. Public
transit systems likewise decrease motor vehicle de-
pendency.?®



Another aspect of urban density is its benefits for
physical and social wellbeing. Greater density fos-
ters social integration.?" Integrated spatial planning
meanwhile supports and encourages walking and
cycling wherever possible.?%? In all these respects,
urban sprawl is the enemy, as are strict zoning rules
that divide people from essential amenities and their
places of work. While making cities less walkable,
sprawl breeds social isolation as well as material in-
efficiencies, very often entrenching car dependen-
cy —which in turn requires new infrastructure and
imposes large burdens of maintenance (see 4.3).

Density can be achieved from the get-go through
good urban planning. With sufficient structural
modifications, existing buildings can be “upsized”,
with another storey added on top. However, great-

er density can also be achieved by retrofitting entire
neighbourhoods. Infill development is one way to

go about this, and most appropriate for areas of low
density housing, where a new home can be added

in the unused garden of another, or placed between
two adjacent lots (“incremental development”); or
where entire mixed-use, walkable neighbourhoods
can be inserted on otherwise vacant land.?%3 \Where
single family homes are the norm (a particular afflic-
tion of North America), such measures may require
changes to zoning ordinances to allow for “missing
middle” housing: “the housing that falls in between
single-family detached homes and large apartment
buildings.”?*When pursued in already dense cities,
however, infill development must be undertaken with
particular sensitivity to existing residents: too often,
the notion of infill can become a “green” fig leaf hiding
the naked appropriation of urban space frequented by
the poor and the eradication of vital green space: an-
other form of “ecological gentrification” (4.3.2).20%

One very positive example of compact, nature-in-
fused urban space and of integrated spatial planning
is the “superblocks” of Barcelona. These are units
of nine city blocks that restrict the flow of traffic and
introduce green space, with steps taken to increase
walkability as well as social cohesion.?% A culture of
walkability, “active streets”, and a new infusion of
life to the sidewalk, have benefitted retailers, cafes
and restaurants.?%” However, as with the instanc-

es of “ecological gentrification” mentioned above,
such policies can bring associated risks of displace-
ment if tenants are not protected from housing mar-
ket speculation and rent hikes.2%

Densification, however, also comes with physical sus-
tainability challenges. Building taller is certainly not
always better. Tall buildings generally require larger
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foundations and greater structural support. All oth-
er things being equal, this brings greater embodied
emissions, and less likelihood that you can replace
concrete and steel with nature-based alternatives.2%®
Like suburban sprawl, highrise buildings tend to be
socially isolating. The socially-planned “megastruc-
tures” of the 1960s are similarly questionable from the
standpoint of sustainability and livability. Livable cit-
ies require density without tallness and density with-
out scale. The best middle ground is probably medi-
um-sized, low- or mid-rise buildings of 4-8 storeys.2'°

One such archetype is the British Georgian square:
four-storey housing around a courtyard or commu-
nity park.2"" Others are the mixed-use home-atop-
shop neighbourhoods of pre-war London, old Delhi,
or Marrakesh.?'? Such configurations achieve high
levels of urban density, while operating at a scale
that tends to be kind to the human spirit, both aes-
thetically and socially. Small, pedestrian-focused
streets with frequent street-level entryways to
homes, mitigate social isolation and encourage con-
viviality through continuity of urban form.2'® Small
green spaces provide play areas, communal gar-
dens and other protected spaces that afford respite
from the urban environment. The UN's mid-rise “hy-
brid” building concept, quoted above, which has an
urban density comparable to downtown Paris or Cai-
ro (see 4.2.7), fits the bill.2"

4.3.10 Downsizing, redistribution and sharing
Finally, downsizing, redistribution, and sharing pres-
ent crucial further avenues for reducing the use of
cement and concrete in the built environment —and
for reducing the unnecessary use of other materials
too. Moreover, these principles can be used to im-
prove the living standards of those who have least,
without requiring for more consumption to take
place —they are a crucial instrument for redressing
class inequality and other disparities — for instance,
disparities in access to living space or green space
or clean air, and the resulting disparities in health.

Downsizing, first of all, means that those with “too
much” space, and “too many” resources, lose some
of that, in order to live sufficiently but with less. For
instance, the wealthy may live in needlessly large
homes, which they can give up; roadways may grant
a disproportionate share of space to car traffic and
parking, and could be broken up; gated communi-
ties may enclose a disproportionately large share

of the built and natural environment, unnecessari-

ly hoarding concrete and other materials instead of
sharing them equitably. All such instances of over
consumption can be reduced.
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Downsizing can permit net reductions of material
use across the whole of society, although we hold
that the focus should be on those who have most.
Forinstance, in the case of Japan, it has been esti-
mated that a 20 % reduction in building floor area
per capita and a 9% reduction in infrastructure stock
per capita could reduce the annual demand for ce-
ment (and subsequently its emissions) by about
10%.21®

Downsizing for some can also permit the redistribu-
tion of resources: transferring the use of materials
and space from those with too much to those with
too little. At least in part, this implies breaking apart
and disbanding the pursuit of hyper-individualized,
“imperial” modes of living and high levels of con-
sumption among the upper and middle classes.?'® It
means, wherever possible, transferring existing use
of some share of built structures from those with too
much to those who need more. Access to, and use
of, existing stocks of concrete (and other materials)
are redistributed. This, in turn, reduces the need for
new construction to cater for existing unmet needs.

In recent decades, for instance, there has been a
rapid increase in living space per capita in the Global
North, mainly for the well-off.2'7 In Germany, the size
of individual living spaces has more than doubled
since 1960.2'® The main beneficiaries of this growth
have been those willing and able to move outside of
cities. The losers have been left to languish in small
urban apartments, unrenovated buildings, and large
housing estates.?'® One crude estimate suggested
that within Europe just filling up under-occupied res-
idential space could provide sufficient housing for
an additional 100 million people, or 22 % of the pop-
ulation of the EU.??° As things stand, much of that
surplus space is held idle as an investment or used
for short-term lets for tourists, through AirBnB and
similar services — thereby reducing housing supply
and driving up prices.??'

Stark examples of housing inequality can be seen

in luxury developments that exist right next to ar-
eas where people live in poverty with inadequate
housing. We mentioned two such wealthy enclaves
in Lagos, Nigeria: Banana Island and Eko-Atlantic.
These neighbourhoods could be used to house the
city’s slum dwellers instead. As above, this redistri-
bution would reduce the need for new cement and
concrete construction. Such housing is already con-
nected to high quality infrastructure, and could addi-
tionally be extended through high quality, sustaina-
ble in-fill developments (see 4.3.9)

Then there is the additional potential of converting
unused commercial and office space for other uses:
aform of “adaptive reuse” (4.3.4). There has been a
large-scale shift towards working from home in the
Global North, especially as a result of the Covid-19
epidemic. This has rendered much existing office
space redundant; “26 Empire State buildings could
fitinto New York's empty office space”, reported
the New York Times in May 2023, even as new of-
fice space was being developed at scale across the
city.??2 Repurposing office space for homes could, in
Germany alone, supply another 100,000 additional
dwellings per year.?2

4.4 Vision: the regenerative,
vernacular, and people-driven
built environment

There is a vast array of alternative measures availa-
ble, once we look beyond the cement industry’s nar-
row, techno-optimist tunnel vision (see 3.4). While
no single measure is sufficient on its own, togeth-
er they form a transformative framework, one that
could significantly reduce the industry’s stagger-
ing CO2 emissions and other damages. Collectively,
these approaches enable us to draw up an alterna-
tive vision: the regenerative, vernacular, and peo-
ple-driven built environment.??*

The first aspect of this vision is that it is regenerative.
Instead of relying extensively on Portland cement,
concrete would be made using alternative cements,
and avoided whenever possible. The built environ-
ment would shift towards alternative materials, in-
cluding plant-based materials, such as bamboo —and
these would turn our densified cities into enormous
climate sinks. All such plant-based materials would
be used efficiently and sourced from sustainable, ho-
listic forestry and agriculture, rather than through ex-
tractive monocultures. However, the most fundamen-
tal shift would be that new construction is reduced
wherever possible and instead laser focused on
meeting basic needs on a global scale. In many cases
nature-based infrastructure would take the place of
man-made infrastructure. Across all parts of the built
environment, the focus would move onto caring for
what exists already and maximizing its lifetime of use.

Secondly, this vision is vernacular. The built envi-
ronment would be made with predominantly local
labour, locally-resourced materials and regional sup-
ply chains — all adapted to the specific needs, cul-
tural and environmental contexts that they serve.
Rather than creating the same homogeneous ar-



chitecture around the globe, modern and tradition-
al techniques would be used together, creating a
highly diverse built environment. Industrial produc-
tion and global trade would still have a role, but they
would be supplementary rather than dominant. In-
stead, the focus would shift to resilient, decentral-
ized and pluralized construction.

Finally, the vision is people-driven. Decision-making
about the built environment would not be dictated
by profit maximization, top-down urban planning,
or the singular visions of so-called “starchitects.”
Instead, it would be democratized, empowering
communities to have agency over their spaces and
ensuring that architectural and urban planning pro-
cesses served public interests. In this vision, archi-
tects would take on a new role as mediators “bridg-
ing between different forms of knowledge, |[...]
bringing together disparate communities.”??

This vision of a regenerative, vernacular, and peo-
ple-driven built environment offers a viable pathway
to staying within planetary boundaries, while estab-
lishing a strong social foundation for all. Unlike the ce-
ment industry’s vision (see 3.4), this alternative does
not depend solely on deeply uncertain techno-fixes.

However, such a transformation is not without chal-
lenges. Most challenging of all is directing resources
to where the most acute needs exist in the world —
and this will ultimately require large-scale changes
to our political economy. The meeting of everyone's
basic needs within planetary boundaries should be-
come the core function of our political institutions
and of our global economy —not a mere append-
age or distant “trickle down” side-effect of business
as usual. We require a politics of sufficiency on the
world scale (see 4.3.1).

With regard to the cement and construction indus-
tries specifically, it is clear that some barriers are
purely regulatory. However, the most significant ob-
stacle in the way of the alternatives outlined here is
that key players in the construction industry (cement
majors, major developers, or large construction
firms) stand to lose power and influence; moreover,
they stand to lose capital.

In the next chapter, we therefore explore political
levers for progressive actors to pursue, in order to
fight these entrenched interests and work towards
the regenerative, vernacular, and people-driven built
environment that the world needs.
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5 Political levers

Overcoming the damages of concrete and moving
beyond the techno-optimist framings of the cement
industry towards a regenerative, people-driven and
vernacular built environment will not be achieved
by simply appealing to governments or companies.
It will only result from collective struggles. In this
chapter, we introduce seven political levers that can
transform the built environment and its industries.

Transforming construction is complex and chal-
lenging. There are significant and growing needs

for housing, enormous volumes of decaying infra-
structure that need replacement, and significant
shares of jobs and GDP dependent on cement and
concrete. Any transition in this area will be confront-
ed by the political power and the vested interests of
the cement giants (see 3.1), and has to work with the
existing socio-technological systems (see 4.2.7) and
concrete-based imperial modes of living (see 1.3).

Given the significant challenges for the transition
away from Portland cement, there is no silver bullet
or simple solution, but there is a need to discuss a
multitude of strategies and tactics that involve not
only politics and business, but also activists, com-
munities and workers. For this, we adapt and build
upon the framework of sociologist Erik Olin Wright,
who in his book Envisioning Real Utopias presented
an approach featuring three basic transformational
strategies: counter-hegemony; transformative re-
forms; nowtopias.' We explain these strategies be-
low.

The goal of moving beyond Portland cement stands
in direct opposition to many vested interests, invest-
ments, and technological pathways, particularly
within the cement and concrete industry. Hegemony
refers to the dominance of certain ideas, practices,
and power structures that become accepted as nor-
mal or inevitable, even when they serve the interests
of a powerful few. There is a need for disruptions
that stop the expansion of this material and related
efforts to build counter-hegemony. This counter-he-
gemony involves directly contesting the destructive

status quo and the hegemonic norms, ideas, and
practices of global “development” and construction
while advancing new ideas of what is good and nec-
essary. We can also call these “ruptural strategies” —
approaches that deliberately break with existing
systems and create openings for alternative ways of
organizing society and the built environment. Cen-
tral actors in these ruptural strategies can be local
(often Indigenous) communities that are impacted
by the cement industry’s damages, place-based
struggles of “blockadia” against mining, industry,
and infrastructure, as well as organized workers and
wider social movements, including artists, archi-
tects, and designers.

The potential victories of protests, blockades and
counter-hegemonic interventions can be comple-
mented by reforms within existing institutions and
radical politics through symbiotic strategies. These
strategies begin with existing structures (from build-
ing standards to finance and housing law) but aim

at transforming these to move beyond not only Port-
land cement and the world it has built, but also be-
yond the capitalist, growth-oriented construction
sector by shifting resources and power towards
those in need and those working on real solutions.
The main actors of this strategy will likely be green
and leftist parties, lawyers and other experts. Be-
yond that, strategic alliances are possible, since a re-
generative, vernacular, people-driven built environ-
ment would bring direct benefits for middle classes
within cities, and this transition will create opportu-
nities for factions of green capital and competing in-
dustries.

Finally, creating small-scale orimmediate versions
of a world beyond cement can serve as important
prefigurations within the niches of the current ex-
tractive system. Scaling up non-concrete-based
construction methods, the political downscaling of
Portland cements, and developing a post-concrete
imaginary all require experimentation with real solu-
tions based on other materials and construction
methods but crucially also social innovations that



make certain kinds of construction obsolete. Central
in these “interstitial strategies” are local communi-
ties, especially the ones neglected or even actively
harmed by the existing construction system —name-
ly the urban dispossessed. It also involves architects,
innovators, small businesses, and all those involved
in vernacular forms of construction. Their work does
more than inspire alternatives: it redistributes knowl-
edge, resources, and agency in the construction
sector. By reviving local materials, skills, and owner-
ship models, they reduce dependence on corporate
supply chains and cement-intensive infrastructure.
In doing so, they shift power structures within the
built environment away from global conglomerates
and towards communities capable of shaping and
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maintaining their surroundings. These grounded ex-
periments demonstrate how construction can occur
within ecological limits while strengthening local
economies and collective control.

Throughout these three categories, we have identi-
fied seven political levers for improving the kinds of
cement that are used, for changing materials, and
for using fewer materials overall (see Figure 5.1 and
Table 5.1). We focus particularly on the countries in
the Global North, mainly because of the extensive
concrete stocks already built up in these regions and
the resulting need for phasing out concrete, but also
since most of the authors are situated there.

Figure 5.1: Political levers for transforming construction (authors' illustration).
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Table 5.1: Proposed political levers for transforming construction.

Lever

Counter-Hegemonic Tactics
for social movements.

Transformative Reform Tactics
for progressive parties.

Nowtopia Tactics
for local communities.

1. Contest the Cement Industry:
Expose & stop the damages and
narrative of the industry directly.

Civil disobedience, legal
challenges, sabotage.

Spread of counter-hegemonic
narratives (i.e. through alternative
plans, art).

2. Stop Bullshit Construction:
Expose & stop the damages
and narratives of bullshit
construction directly.

Civil disobedience, legal
challenges, sabotage.

Spread of counter-hegemonic
narratives (i.e. through alternative
plans, art).

Workers-led “Green Bans”.

Moratoria on Demolition.

3. Regulate Construction:
Regulate all construction projects
towards regenerative practices.

Removal of restrictive regulation.

Regulation on new construction
to enforce the use of alternative
materials, participatory design
processes etc.

Regenerative public housing.

4. Phase out Portland cement:
Phase Out Portland cement and
secure a Just Transition.

Full pricing of future (carbon pricing)
and past COz emissions (climate
reparations).

Limits on Portland cement production.

Strict air pollution and biodiversity
regulation.

Reskilling and safety net for workers.

5. Phase in the Regenerative:
Build up regenerative and vernac-
ular construction.

Local governments: revival & build-up
of local regenerative supply chains.

(Supra-)national governments:
regenerative industrial policy, funding,
environmental & labour regulation.

6. Redistribute & Democratize:
Redistribute and democratize
the built environment.

Tenant unions, anti-gentrification
movements, neighbourhood as-
semblies to reclaim the city and
build power on alocal level

Fight speculation and luxury housing.

Participatory governance.
Participatory or deliberative planning.

Housing in common ownership.

Bottom-up housing in common
ownership.

7. (De-)construct from below:
Start community-led construction
and deconstruction outside the
construction system.

Construction from below by
Circumventing the industrialized
housing system.

Depaving initiatives.




5.1 Contestthe
cement industry

The cement industry has successfully presented
itself as necessary and part of a green future, for
which we need to accept the damages that cannot

5 Political levers

be avoided. They even claim to be an essential solu-
tion for adapting our world to climate breakdown.?
But as its own techno-optimist answers are insuf-
ficient, the first political lever is to contest their he-
gemonic narratives and exploitative practices, as
well as the false solutions they present.

Figure 5.2: Blockade of a Heidelberg Materials cement plant in Leimen, Germany.

Source: Courtesy of Extinction Rebellion. Used with permission.

While critical research can play its part in contest-
ing the industry, the central role falls to social move-
ments. Protest, most importantly civil disobedience,
has been historically vital in shifting hegemonic
ideas of what is good and necessary in society. As
we've seen throughout the case studies, people
around the world have already begun with this, be it
the Samin in Indonesia, Climate Activists in Sweden
or Farmers in Slovenia. Those involved have used an
extensive repertoire of tactics, ranging from demon-
strations to legal challenges, blockades and sabo-
tages, to not only expose the damages, but also to
stop them.

These struggles have, up to date, only reached a lo-
cal or regional scale. One major reason for this is the
decentralized and mostly domestic nature of lime-
stone mining, with extraction sites often compara-

tively small but pretty numerous, leading to equally
dispersed conflicts.

These struggles could be stronger if they worked to-
gether instead of fighting in isolation, making each
other more visible. With better networks and con-
nected organizations, the cement industry’s spread-
out geography could actually help, since it creates
many opportunities for disruptive action. The indus-
try’s centralized ownership — with just a few large
companies controlling almost everything — also cre-
ates opportunities for coordinated resistance and
international solidarity. Additionally, while activists
must focus on the cement industry as the main prob-
lem in construction, they should also watch out for
the harmful effects of alternative approaches to make
sure we don't just replace one destructive system
with another (like unsustainable timber harvesting).

m
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Figure 5.3: Struggles against Holcim and Heidelberg Materials around the world.3

5.2 Stop bullshit
construction

The second political lever is to contest and stop un-
necessary, “bullshit construction” —that s, con-
struction for elite projects and conspicuous con-
sumption (mega mansions, infrastructure for the
rich such as private jet airports, mega malls), for fi-
nancial speculation and exchange value production
(such as ghost cities) or that is socially and environ-
mentally unjust (see 4.3.2).

Developers and state institutions often present meg-
aprojects and other capital-serving infrastructure as
unavoidable, while countless bottom-up initiatives
are left to expose the potential damages and devel-
op alternative solutions. Such protests are already
widespread, pursued mostly by local communities,
environmental groups, and housing activists. These
efforts typically focus on potential biodiversity loss,
neighbourhood fragmentation, historic preserva-
tion, resource use, or displacement of residents.*

Activists employ an impressive range of tactics —
from deconstructing the hegemonic narratives of
unavoidable Autobahns to artistic interventions to
civil disobedience aimed at directly stopping con-
struction. Protests can arguably be most powerful
when construction workers themselves are cen-
trally involved. One spectacular example of this has
been the “green bans” in Australia in the 1970s, in
which the largest construction labour union worked

together with local communities to successfully
stall or even stop environmentally damaging con-
struction projects. Amongst other victories, they
successfully halted the replacement of Sydney's
Royal Botanic Gardens with a car park as well as the
demolition of historic buildings in The Rocks area to
make way for office buildings.®

A renewed alliance of local communities and con-
struction workers could become crucially important
in efforts to transform the building industry, espe-
cially as construction workers are nowadays at an
additional crucial intersection. On the one hand,
they're the ones actually pouring the concrete, while
on the other hand, they are one of the professions
most directly impacted by climate change through
intense heat during the workday.®

Another potential for strengthening future protests
lies in connecting the fights against bullshit con-
struction with protests that directly focus on the con-
struction material and target the cement industry.
Currently, it's mostly only developers and politicians
that are blamed for bullshit construction projects,
not the cement industry, despite its material being a
main factor in these developments. But concrete has
become so omnipresent and considered so useful,
that its usage tends to be considered neutral or even
natural.” This is even more true of the cement indus-
try, hidden even one step further from everyday life,
except when its production sites are nearby.



The bottom-up approach of stopping bullshit con-
struction directly could also be complemented with
demolition moratoria, implemented by public insti-
tutions. Such moratoria could be enacted by local or
national bodies and would require that any develop-
er wanting to demolish a building would need to ver-
ify first that the structure can no longer be rescued
or reused based on an environmental assessment.
While short-term demolition moratoria are already
awidespread part of city governance, an indefinite
moratorium is yet to be seen and urgently called

for by many, most notably in Germany in 2022 by a
large coalition of construction professionals includ-
ing the Association of German Architects.® The ulti-
mate effect of such a moratorium would not only be
the immediate materials and social environments
saved, but more importantly, this could contribute to
a paradigm shift beyond throwaway architecture.

5.3 Regulate construction

The third major political lever is to fight for urgently
needed regulation to make sure that all current and
future construction projects are working towards a
regenerative, vernacular & people-driven built en-
vironment that serves people’s needs and respects
planetary boundaries. Various demand-side levers,
which could build on ongoing experiments in imple-
menting the “Doughnut” model at city levels (such
as Amsterdam),® could thus regulate not only all
public projects, but all private construction projects
as well, implemented through state taxation, subsi-
dies and restrictions.

The first step must be to remove restrictive regu-
lation for construction projects, most importantly
building standards based on traditional Portland
cement (see 3.1.2). The use of any other material is
heavily disincentivized in the litigious and risk-averse
construction sector.'These should be switched to
performance-based standards, which would allow
for a diversity of building materials and techniques
to be used, adaptable to local conditions and re-
sources.’ Equally, state policies and taxation sys-
tems encouraging suburban sprawl, commodifica-
tion and financialization of housing must come to an
end quickly.'?

The second step should be to establish “shovel-wor-
thy"” criteria for new construction, based on whether
it would contribute to the regenerative, vernacular
and people-driven built environment or not. These
could include the materials used (i.e. limits on Port-
land cement per square metre and obligatory Whole
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Life Cycle Assessments), the planning process (i.e.
that it must be co-designed by the community), the
construction process (i.e. that local labour coopera-
tives should be preferred), the structures’ uses (i.e.
strict limit on living space per capita and enabling
mixed-use) and its lifecycle (i.e. that it must be built
loose-fit and for disassembly).”™ The exact formula-
tion of these criteria could be set by citizens assem-
blies, uniting both expert knowledge and the knowl-
edge and visions of those whose needs are to be
satisfied, while possibly avoiding elite capture and
industry lobbying.™

Even if public procurement alone was based on a
thorough list of criteria, this could have large im-
pacts through a spillover effect into private con-
struction,® since this already creates an essential
demand-side incentive for regenerative building ma-
terials and practices and stabilizes alternative indus-
tries. This incentive can speed up, for example, firms
investing in alternative cement production facilities'®
or training centres introducing courses for bio-based
construction."

But as the bulk of construction currently happens in
the private sector, these criteria must be expanded
to private development as well, through rigid regula-
tion, but also through conditional credits, taxes and
subsidies.'® While some criteria could be set nation-
ally (for example, retrofitting should obviously be
supported first and foremost) local variation could
be important, especially when local supply-chains
are built up and nurtured (see 5.4). Additionally,
these measures should not hurt the less well-off or
only serve as additional profit for the well-off, requir-
ing for example measures to ensure costs are borne
by landlords, not tenants, or special programmes for
communities in informal settlements.’®

Third, to make sure that needs are met and materi-
als not wasted, the state should take on a more ac-
tive role in the provision of housing and infrastruc-
ture oriented towards the common good. “Market
forces” and privatization have not delivered on the
urgently needed housing and have instead wasted
colossal amounts of materials for unnecessary and
elite-centred construction.?® Ideally, this would hap-
pen through expansion of existing public housing
through eminent domain or expropriation from pri-
vate companies, followed by retrofitting, expansion
and social reorientation. But to avoid repeating past
mistakes of public housing — namely social segrega-
tion and technocratic management — new forms of
participatory governance within public housing are
needed (see b.6). Also, reimagined public housing
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could focus on sufficiency and the just distribution
of existing housing, thus countering the trend of av-
erage living space being pushed up by excessively
large single family homes, and enabling a needs-
based allocation of apartments.?’

State action and regulation on regenerative con-
struction is urgently needed. By combining this

with support for retrofits and increasing the stock

of modern public housing, this political lever could
probably garner a broad alliance, especially from
those pushed out of increasingly unaffordable cities.

5.4 Phaseout
Portland cement

The fourth political lever is a state-led deliberate
phase-out of Portland cement —the just transition of
the cement industry and construction industry. Just
like the burning of coal, gas and oil, the calcination of
limestone is a climate killer and must be phased out.
This can happen through two measures: pricing and
limits, guided by principles of a “Just Transition”.

Pricing would mean implementing the “polluter
pays” principle, and fully integrating cement and
other construction materials into carbon pricing
schemes. Together with the costs of CCS and other
technical efficiency measures, this could consider-
ably raise the price for cement and thus incentivize
alternatives.?

While not a transformative game-changer politically,
and problematic in driving up prices in the construc-
tion sector in general and thus acting as a socially
unjust tax, fully integrating cement and other con-
struction materials into existing emissions trading
schemes will make many other measures easier. All
the more so, if the price of emissions is continuous-
ly raised and income from taxes is redistributed on a
per capita basis to everyone, this measure could be
both effective and socially just.

Additionally, past damages should not be forgotten,
as every dollar of cement industry profit has relied
on extensive amounts of historical CO2 emissions.
Therefore, climate reparations, as the Pari residents
are currently demanding from Holcim (see Case
Study A.1), should be part of the demand and could
add up to considerable yearly payments.?®

A complementary measure could be strict, yearly
decreasing limits on the production of Portland ce-
ment, more precisely on limestone extracted for cal-

cination. An important historic precedent for such
limits has been the effective international phase-out
of ozone depleting CFCs through the Montreal Pro-
tocol beginning in 1989. A similar global phase-out,
or “Portland cement non-proliferation treaty”, could
take into account globally differentiated needs, eco-
logical and climate debt, the concept of “contraction
and convergence”, and socially just transitions. Al-
though harder to achieve than a pricing mechanism,
this could prove more reliable and egalitarian. And
as limestone extraction mostly happens domesti-
cally, this could be led through national phase-out
plans.?*

Until Portland cement has been phased out, the
environmental damages of the cement and con-
crete industry — beyond its climate impact — must be
curbed as well. This would include strict biodiversity
measures at quarries and thorough limits on air pol-
lution. Finally, there is a need for a “Just Transition”
such that already intensely exploited construction
and building materials workers are not hurt most by
this transition. This must involve unions, social safe-
ty nets, and state support of upskilling in the use of
regenerative materials (see 5.5).

5.5 Phaseintheregenerative
and vernacular

The fourth political lever is supporting the revival, in-
novations in, and expansion of future-fit, regenera-
tive and vernacular construction. This is a huge shift,
requiring change in “construction practices at every
level, from education and training through to insur-
ance and maintenance regimes”.? The market and
pricing mechanisms won't solve this transforma-
tion on their own. Therefore state institutions need
to take an active role, partly in a supporting role that
strengthens new ownership models along the lines
of common —and community-driven — ownership.?8

Local and regional governments are absolutely cen-
tral here, as construction must be moved towards
local resources, labour and supply-chains that need
to be imagined, nurtured and built differently every-
where (see 4.2.7). Although this shift is enormously
challenging, local and regional governments could
benefit greatly fromit, as it could support local jobs
and investments.?’

These policies require a supportive regulatory en-
vironment (such as indices and standards for the
possible deconstruction of buildings or the usage of
wastes);?® and fiscal capacity — which must be en-



sured by national and supranational bodies.?® One
can hardly imagine municipalities investing in new
supply chains while an austerity regime or extremely
restrictive fiscal rules prevail, as they do in the EU.

Additionally, national and supranational bodies
should also steer industrial policy in accord with the
requirements of a regenerative construction sector.
Instead of channeling state subsidies towards one-
off CCS projects, effectively just enabling the status
quo to continue, the state could enhance and foster
the truly important innovations within the produc-
tion of alternative cements and alternatives to ce-
ment.

Finally, it's up to (supra-) national legislation to en-
sure that this new construction wave is governed by
meaningful environmental and labour regulation.
Without clear standards and enforcement, even
well-intentioned regenerative practices risk repro-
ducing the same extractive logics under a “green”
label. Environmental regulation should therefore go
beyond carbon accounting and address land-use,
material sourcing, biodiversity impacts, and the cir-
cularity of building materials. Similarly, labour reg-
ulation must safeguard workers’ rights and ensure
that emerging local construction economies do not
rely on precarious, underpaid, or informal labour. In
the best case, the transition to regenerative and ver-
nacular construction could substantially improve
working conditions — making construction jobs saf-
er, more skilled, and more autonomous, as workers
gain control over local processes and materials.

5.6 Redistribute
and democratise

The sixth political lever focuses on the redistribution
and democratization of the built environment. To do
“more with less”, saving materials while meeting
real needs, it's essential to highlight the principle of
sufficiency, to end unjust overconsumption by some
and guarantee a just distribution of usage rights for
infrastructures and buildings.%

The first step must obviously be to deal with exces-
sive vacant spaces lying idle for speculation and lux-
ury housing, which diminish the housing stock for
the less well-off. State regulation can address this
indirectly, through taxes and limits, such as caps on
rents, heavy taxation of excessive living space, and
taxation on commercially- and residentially-zoned
land that is kept unused for speculative purposes.®
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Another option is direct state involvement, through
for example the socialization of large housing com-
panies and their subsequent reorientation towards
affordable and shared housing.

The second step must be to democratize the govern-
ance of neighbourhoods, blocks and cities, to work
towards shared spaces and, as Mariana Mazzucato
and Dan Hill argue, to “unlock ways of living in less
individual space, yet with greater collective pos-
sibility, generating forms of increased abundance
through shared "public luxuries’.”32 Only through
participative practices can we “unlock these richer
sets of possibilities for sustainable building and liv-
ing in a way that speculative housing — designed for
unknown, generic and individualized ‘units of hu-
man’ — usually cannot.”3®

A key component should be participatory or de-
liberative planning processes. If meaningfully im-
plemented, these can help build community while
also addressing the complex challenge of working
towards increased density, mixed-use neighbour-
hoods, careful clustering (densifying while preserv-
ing access to light, air, and green space), localized
construction, and urgent needs. By including multi-
ple perspectives from the start, existing neighbour-
hoods can be reimagined and woven together more
effectively.3*

To democratize in the long-term, buildings, infra-
structure and land should be moved into common
ownership, governed by residents and communities
themselves. For buildings this can take the form of
cooperatives, not-for-profit and limited-profit asso-
ciations as well as shared self-build construction,3®
while for example community land trusts can play
animportant role in land governance. Collectively
owned or managed housing has a long and rich his-
tory, built up as nowtopias by local communities —
functioning as a “niche” between public and pri-
vate housing.®® While local communities are central
to the creation of these projects, state institutions
must provide the appropriate regulatory and finan-
cial environment and can also provide direct support
through for example reduced taxation, provision of
legal guides and other kinds of information, direct
financial assistance and regularization of squatted
buildings.?” There is also significant potential in pub-
lic-commons partnerships such as letting renters

in public housing co-manage their housing, as this
reduces the failures of top-down governance and
shields housing against privatization during future
neoliberal policy shifts.8
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5.7 (De-)construction
frombelow

The seventh and final political lever is to encourage
niches and societal experiments — the nowtopias.
Instead of waiting for the overall system to shift, this
strategy is based on practical examples that envi-
sion post-concrete futures and experiment with con-
crete spaces for cultural experimentation.

First, this can take the form of depaving: mostly
community-led removal of concrete and re-intro-

ducing natural elements. These actions have spread
rapidly around the globe and create direct change
within the built environment, while creating strong
ties between neighbours and offering a vision of a
different built environment. Illustrative examples
are the “Depave” organization based in Portland,
US; the “ruelle verte” movement in Montreal, which
started as a citizens movement to green and depave
alleys and became official city policy to manage
rainwater drainage; or the “Tegelwippen” initiative
which gamified the actions into a contest of Dutch
cities.®®

Figure 5.4: People depaving in the Pierce Conservation District, Washington State, USA.

Source: STORM Outreach. Public Domain. https://commons.wikimedia.org/wiki/File:Depaving.jpg

Another form of bottom-up efforts can be self-built
housing outside of the classic housing supply sys-
tem. Building on centuries of vernacular architec-
ture, modern open systems and commoning struc-
tures, such as community land trusts, self-build
housing has seen a new upsurge, as with Bristol’s
WeCanMake initiative or Wikihouse's Skylark sys-
tem.*® These allow for self-organized, sustainable,
modern housing that can fill in the gaps in neigh-
bourhoods.

While both depaving and self-built housing are im-
mediate, small-scale steps in the overall transition,

their more important power lies in illustrating a dif-
ferent practice of construction and how much com-
munity and “public luxury” there is to win.

Overall, while the challenge remains enormous,
there is so much that can be won. Thinking beyond
the techno-optimist tunnel vision of the concrete
and cement industry can allow us to turn our built
environment from a climate killer to a carbon sink,
while changing construction from a substantially
extractive industry, to a local, circular and regenera-
tive practice.
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