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FOREWORD

Carlos Maurer
Executive Vice President,
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Shell Sectors and Decarbonisation

The construction industry is vast, providing jobs for over 255 million people globally
and revenues for thousands of mainly small and medium-sized companies. It makes
up around 13% of the world’s economy, enables other sectors to function via the
infrastructure it builds, and facilitates security, health and education through homes,

hospitals and schools. Construction matters.

The construction sector accounts for

37% of global CO2 emissions?, of which

16% represent embodied carbon - CO2
emissions coming from material sourcing and
manufacturing, logistics, and construction
activities. This makes it one of the biggest
single sectors contributing to global
warming. It is vital it decarbonises. The
construction sector can also be an enabler of
decarbonisation across other sectors through
green buildings, renewable energy projects
and production facilities for greener products,
like electric vehicles.

Shell has set a target to become a net-zero
emissions energy business by 2050, with
shorter-term goals to ensure progress along
the way. As part of this, we are working with
customers, governments, and others to help
address emissions in different sectors, such as
construction. We aim to play a major role in

helping the construction sector decarbonise
and seek to understand where the
opportunities lie and how we can contribute
to accelerating progress.

“Decarbonising Construction: BUILDING

A LOW-CARBON FUTURE" is the result of
our work with Deloitte to shine a light on the
challenge of decarbonising construction and
offer the industry practical solutions.

| hope this report will serve as a useful tool
and framework for construction companies,
equipment manufacturers, policymakers, and
other stakeholders to come together and
accelerate progress on decarbonisation.

Let's build, then, for the future. Starting today.
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Raman Ojha
Vice President,
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Shell Construction and Road

This “Decarbonising Construction: BUILDING A LOW-CARBON FUTURE" report
reflects the voice of the industry, by sharing the views and perspectives of nearly 100
European, North American and Asian construction executives and experts across the

value chain.

The report highlights the challenge and
opportunity of reducing embodied carbon, as
most carbon reduction efforts in construction
have been focused on operational carbon.
Creating better visibility for embodied

carbon and developing dedicated solutions
will be critical to decarbonising the

sector successfully.

When | read what the industry has to say

in this report, | see that there is a great
willingness and desire to decarbonise

and three things resonate strongly. Firstly,
regulations and standards for embodied
carbon need to be established to incentivise
faster action. Secondly, with emissions
coming from construction materials
representing the vast majority of embodied
carbon in construction, developing low-
carbon technologies and alternative materials
will be key to reducing the sector’s emissions.

Lastly, the assets-owners must play a more
active role and demand more low-carbon
construction solutions in tenders.

The participants to the report made it clear
that although the scale and challenge of
decarbonising construction is significant,

it can be achieved. | am confident

that with a combination of innovative
solutions, supportive regulation, and more
collaboration across the value chain, we can
and will accelerate progress to net zero.

Shell aims to be the partner of choice for
decarbonising construction. We look forward
to working with the industry to drive faster
action. Together, we can meet the ambitions
of both today and tomorrow.
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R E Po RT o BJ E CT I V E S Exhibit 1. Research participants

95 research participants...

37 CEOs and senior executives
24 Operational leads and experts

28 Sustainability leads and experts

1

6 Policy and regulation experts
This report reflects the perspectives of nearly 100 executives and experts, representing
84 organisations across almost all segments of the construction ecosystem and three ...representing 84 companies across the value chain...
focus regions (see exhibit 1). It aims to:

* Take a comprehensive view over = Clarify a practical way forward.

the construction value chain, with Construction leaders who participated —

a dedicated focus on embodied in this research are at a point where ‘ ‘ —
carbon. Many decarbonisation they need to make decisions around [ | |:| —
studies focus on specific challenges or decarbonisation. Working with them 16 33 5 3 7 20
stakeholder groups in isolation. Given to converge on a set of solutions and @ Material Construction | Asset owners | Engineering Equipment SUPport_ingl
the interdependency of factors, the blueprint can help the sector act now and n;iréusfgﬁ'xir:;g companies consulting firms | manufacturers | - companies
sector needs a more comprehensive view, clarify the path forward. providers

which includes economic, regulatory and

organisational factors. This report reflects the insights industry
. . ...across the globe
executives and experts shared with us

= Reflect the voice of the sector. through interviews and working sessions,
No one stakeholder group can do this not the views of Shell or Deloitte. All °
alone, and everyone will have a role engagements with participants were @ @
to play. Itis essential to understand conducted in a manner that respects
the unique motivations and challenges competition law.
of different groups and geographies,
to develop solutions that will make o
an impact.

Note: 1) includes e.g. industry associations, financiers



Executive
Summary




As a notable contributor to the global
economy but also to global carbon dioxide
(CO2) emissions, the construction sector must
decarbonise. Historically, the construction
sector has been focusing primarily on cost
and operational efficiency. If we add to
that the complexity of its ecosystem, we
will understand better why developing,
implementing and scaling low-carbon
solutions in construction is so challenging.
Deloitte spoke with executives representing
companies from the entire value chain of

Exhibit 2. Research highlights

construction. The report “Decarbonising
Construction: BUILDING A LOW-CARBON
FUTURE” summarises their views on where we
are today and what are the biggest barriers
to decarbonisation. It also outlines what
solutions the industry thinks are needed to
help drive decarbonisation and proposes a
clear roadmap for reaching net zero.

The consensus among those interviewed
for this report is that - while challenging -
the decarbonisation of the sector can be

The construction sector accounts for 37% of global carbon emissions, of which 16%
1 represents embodied carbon mainly from material manufacturing. Significant carbon reduction

needs decisive action now.

2 Applying a segment view, the infrastructure end market will likely decarbonise first; across the
value chain, construction equipment will likely be the first to decarbonise.

Several barriers to decarbonisation exist: ineffective procurement practices; a lack of

3 regulation; production challenges for low-carbon concrete and steel; and no established
standards for data, methodologies and tools.

4 Most of the existing carbon reduction efforts have been focused on operational carbon. Creating better
visibility for embodied carbon and developing solutions to reduce it will be critical.

5 Asset owners have a leading role to play to generate demand, kickstart collaboration, and
increase investors’ confidence to take the leap of faith necessary to invest in emerging technology.

6 Synchronised regulations and standards for embodied carbon will create the conditions
required for action, including consistency on how embodied carbon can be measured.

7 Low-carbon cement and concrete are within the sector’s direct influence; the focus
should be on investment in alternative raw material inputs as carbon capture matures.

8 Demand from other sectors, especially automotive, will increase the availability of low-
carbon steel and lower the production costs of low-carbon fuels and carbon capture.

9 Improving workforce capabilities around sustainable and digital solutions is needed to drive
efficiencies.

10 A system-level approach is needed to optimise trade-off decisions between costs and carbon
emissions.

n Decarbonisation will be a catalyst for embedding efficiency and minimising unnecessary

emissions throughout the sector.

12 Sharing learnings will help each region accelerate progress towards net zero.
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achieved. By scaling up the use of existing
low-carbon solutions, developing more
alternative materials and technologies,
adopting supportive policies and
extensively collaborating, the sector can
achieve net zero.

Where we are today

Construction is one of the largest single-sector
contributors to carbon emissions. Emissions
from the production of construction materials,
construction activities and logistics - called
embodied carbon - accounted for 5.4
gigatonnes of carbon dioxide (Gt COz2) in
2020, or 16% of all global CO2 emissions. If
business continues as usual, these emissions
are forecast to remain significant beyond
2050. The sector needs rapid action to
decarbonise at scale.

Across the construction value chain, the
sourcing and manufacturing of materials
represents 92% of embodied carbon
emissions, with 43% of these attributable to
cement, 25% to steel and 24% to remaining
materials, such as glass, aluminium, timber
and asphalt. While decarbonisation of
cement and steel is a priority, it is made
harder by relatively high energy intensity,
limited renewable energy supply globally,
process emissions (for cement) and long asset
lifetimes. Construction activities and logistics
together account for 8% of emissions - which
mostly come from the use of site equipment
(e.g. generators or heavy machinery), road
freight and shipping.

The focus has
been and is

on operational
carbon because
the solutions are
available. Now
is the time to shift
focus to embodied
carbon, which

is bigger than
entire sectors like
aviation, and will
likely be more
complex to solve.

Executive, engineering firm



Exhibit 3.
Global CO2 emissions (2020)

Total global CO2 sector emissions = ) =100% | 33.9 Gt!

57% Other

% =33.9Gt

Note: 1) Including sourcing and manufacturing
Source: IEA and Deloitte analysis

The construction sector can be broken

down into three end markets - buildings,
infrastructure and industrial projects - all
likely to decarbonise at different speeds.

Infrastructure construction projects
are likely to decarbonise soonest as they

are generally publicly owned and have
centralised budgets. The large scale of

these projects also makes it easier for them
to absorb the higher cost of low-carbon
solutions. The buildings end market is likely

25% Construction
operational carbon emissions

16%
Construction
embodied
carbon

emissions

2% Aviation

to follow. The drive to decarbonise here is
expected to come from large corporations
with net-zero emissions strategies and
demand from public and residential buyers,
who are increasingly aware of the need to
decarbonise. The industrial end market is
expected to be the slowest to change. Large
carbon emission footprints from this market’s
own operations, push embodied carbon
lower on its priorities list. Still, some industrial
end markets, like big technology firms, are
showing signs of being first movers.
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Construction embodied CO2 emissions (2020)
Total global COz2 sector emissions =) =16% | 5.4 Gt

4% Construction activities

=

24%
Other

materials’

¥ = 5.4 Gt

25% Iron and steel

Geographically, construction emissions
are highest in countries such as China
and India, where economies are rapidly
developing and therefore construction
volumes are higher. Regulation around

embodied carbon in these markets is nascent.

More developed economies, such as the
Western and Northern European
countries and the USA, have smaller
construction volumes on a per capita basis
and here regulators are starting to act to
restrict embodied carbon. Measures like the

43% Cement

Emissions Trading System (ETS) in Europe
and new subsidies introduced through the
Inflation Reduction Act in the USA show
clear signs of progress. There is also a
growing sense of optimism in major markets
like Ching, as noted by one interviewee:
“China may not have significant regulation
around construction today, but like they have
shown in other sectors, when they choose to
move, they can do so much faster than most
western markets.”



Barriers to decarbonisation

Research participants identified a range of
barriers currently inhibiting the sector from
decarbonising more quickly (see exhibit 4)
with four highlighted as priorities to tackle:

Lack of harmonised standards:
the lack of consistent definitions, data,
methodologies and tools to account for
carbon, as well as of a single regulatory
body, results in varying interpretations,
limiting the ability of market participants

Limited market and customer
demand: procurement practices
operate in a fragmented market which
typically prioritises cost and speed over
reducing embodied carbon.

Insufficient regulatory incentives:

regulations for construction sub-sectors
(e.g. cement and steel manufacturing)
and end markets (i.e. buildings,
infrastructure and industry) are neither
aligned, nor adequate to incentivise
action across the value chain.

Significant breadth and scale

of technology implementation
required: steel and cement are the
largest drivers of emissions. Technologies
to decarbonise them are available, but
require significant capital investment to
mature and scale.

to claim outcomes consistently.

Barriers vary according to end market and
their intensity is determined by differences
in geology, climate, customer preferences,
project size and technologies used.

These and other barriers are explored in
greater detail in this report.

the sector
change?
Regulation
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Exhibit 4. Construction sector decarbonisation readiness

Readiness
Participants’ view on severity of barriers
factors

Industrial m
80% [ )

Readiness
questlons

Demand
Why should

80% )

Technology
Can the

30% )
Z

sector
change?

80%
How fast Implemen
can the sector P 90% ‘

tation
change?
Maijor barrier 100% Minor barrier 0%

Construction
sector average

Source: Interviews; Deloitte analysis



Potential Solutions for
Decarbonising Construction

The interviews conducted showed that
despite multiple barriers, thanks to early
adopters, innovators and sustainability-driven
asset owners, the global construction sector
is already showing early signs of the change
needed for decarbonisation.

Governments and financiers are pushing

the need to reduce emissions higher up

the agenda. Customers are starting to
demand more low-emissions projects and
construction companies are responding by
making commitments and exploring new
technologies. More than 80% of interviewees
identified decarbonisation as a top three
business priority and large construction
businesses have committed to reducing
emissions. These positive signs are gradually
coalescing to accelerate the pace of
decarbonisation, but more decisive action is
needed to reach net zero.

Construction executives need to define and
implement clear decarbonisation strategies,
but the road ahead is unclear. What solutions
are available already and what is their
decarbonisation impact? Which are the
easiest to implement? How can companies
who have been focusing on operational
efficiency turn their attention to instilling

a decarbonisation mindset?

We are seeing
new initiatives all
over the place, but
it feels like there

is too much to do,
and we don't really
know what matters
most and where to
start.

CEO, building contractor

This research aims to guide the sector’s
progress on decarbonisation and has
resulted in 15 solution themes. While no
single solution will be enough, in combination
they reinforce each other and create the
conditions required for change.

DECARBONISING CONSTRUCTION: BUILDING A LOW-CARBON FUTURE @

Demand

Activating and aggregating demand for
low-carbon products through joint sourcing
and codlitions can encourage investment.
Increasing awareness around embodied
carbon and defining a common language
will be foundational to create the momentum
for more decisive action. Financiers can

also incentivise low-carbon construction

by recognising embodied carbon and
extending financing schemes that currently
certify only operational carbon. Creating
scale in customer demand through coalitions
and partnerships will give financiers and
construction companies the confidence to
make investments. Coalitions of financiers
would also help these institutions better
manage risk and unlock earlier investments.

Regulation

Policies will be key to accelerating low-
carbon construction and must address
demand and supply simultaneously. On
the demand side, policies must incentivise
the adoption of low-carbon assets while on
the supply side they have to support the
investment in more low-carbon construction
solutions and technologies. Interviewees
agreed that incentives and coercive policies
will both be necessary to reduce embodied
carbon emissions.

Technology

Technology innovations including renewable
energy solutions, energy efficiency solutions
and alternative materials are already being

deployed in the construction sector.

For example, the vast emissions coming from
cement and concrete production can be
reduced by investing in low-carbon cement
and concrete pathways, such as using more
sustainable energy solutions to power the
cement and concrete production processes,
developing cleaner technologies to produce
clinker or reducing the amount of clinker
used in cement. To further this effort, carbon
capture utilisation and storage (CCUS) is a
technology that will need to be developed,
and at scale, to further support the industry
to achieve net zero.

Solutions to cut emissions coming from
alternative materials are also emerging,

such as low-carbon asphalt. In the asphalt
production phase, the key technologies used
to reduce emissions are low-carbon energy to
power the asphalt plant and heat the asphalt
mixture, replacing the hot-mix asphalt with
warm-mix asphalt, or incorporating bio-based
binders that have a lower carbon footprint.

Emerging technologies such as more energy
efficient methods of creating iron, have
proven that low-carbon steel production
can be scaled. Scaling up production

for low-carbon steel will need financiers,
governments and asset owners to invest in
processes and infrastructure.



The sector should also develop and adopt
more alternative and circular materials, like
advanced timber and recycled asphalt. This
can be done through investments in R&D,
both within the sector, and with adjacent
sectors looking to improve circularity.

The roll-out of low-emission equipment

is already happening, albeit with a

shortage of low-carbon energy supply.
Careful planning is needed to create high
capacity grid connections and enable
construction companies to connect to energy
infrastructure onsite.

Roles

New skills, such as carbon data analysis and
the development of low-carbon materials,
will be needed to advance the technologies
required to support decarbonisation. The
sector needs to expand and develop new
mechanisms to develop talent and increase
knowledge and best practice sharing around
carbon emissions.

More collaborative decision making across
the construction value chain will also

improve the adoption of new technologies.
Collaboration and public-private partnerships
will enable the sharing of both knowledge
and risk.

Implementation

Making design and execution more efficient
will minimise waste, reducing costs, and
lower construction emissions at the same
time. Modular design can reduce waste

by more than 80% through standardised

and repeatable construction methods.

By monitoring the execution of projects,
construction companies can ensure that
planned carbon reductions are being realised
in practice.

An update to existing standards for design
and materials would release the industry
from traditional working practices and allow
low-carbon practices to be implemented.
This would also enable companies to
become agile enough to quickly adopt new
innovations as they arise.

The sector also needs to secure an adequate
supply of renewable energy. This can be
achieved through power purchase agree-
ments with producers or co-investment in new
renewable projects. Energy transportation,
supply and storage infrastructure needs to
be built. Those manufacturing materials or
involved in construction processes should
consider their location according to the avail-
ability of low-carbon energy.

The sector needs to increasingly encourage
more systems thinking: a way to consider
the trade-offs between emissions, cost,
operations, maintenance, and demolition.
These systems should include the second-
life of assets, components and materials
and focus on the re-use and re-purposing
of materials, limiting demand for

virgin materials.
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The Roadmap: Accelerating
Decarbonisation in Construction
The 15 solutions identified through this
research will all contribute to decarbonising
the construction industry and require

a phased, incremental approach (see
exhibit 5).

= The short term (2023 -2030) is
about rapidly adopting and expanding
the ready-now solutions and creating
the conditions required for investment in
longer-term low-carbon alternatives.

= The medium term (2030 -2040)
is about taking maturing low- and zero-
carbon alternatives like low-carbon
cement and steel and beginning to use
them in commercial applications across
the sector to make meaningful change.

= The long term (2040+) is about
rapidly increasing adoption and scale of
all solutions being deployed by the sector
to accelerate towards net zero.

The value chain as a whole must move
forward together but different parts of the
chain can lead on different solutions. For
instance, construction companies can drive
efficiency gains, skills and contract models,
while manufacturers can make low-carbon
materials and equipment available.

The solutions outlined in this report can create
the conditions required to start reducing the
sector’s emissions immediately and gradually
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accelerate the decarbonisation pace. Based on the views shared by the urgency, the opportunities for those who take
While progress against this blueprint is participants in this research, decarbonising a  the lead and the need for more collaboration

likely to move at a different pace across sector of such scale and complexity will not across the value chain.

geographies, with Western Europe already be easy. However, those we spoke to were

putting more strict regulation in place and optimistic that a net-zero future is possible, This report provides a blueprint to help guide

beginning to invest in low-carbon materials, with low-carbon solutions increasingly progress and build a low-carbon future.
the industry should capture learnings from available. Construction leaders recognise the

these efforts and use them to accelerate
progress in slower moving regions.

Exhibit 5. Decarbonisation pathway - sector sentiment

125 Index=2020 5.4 Gt CO2 6.4 Gt CO2
Efficient material LE
(re)use Q
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materials
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global construction sector could reach Carb o
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Source: Interviews, Deloitte analysis



Exhibit 6. The roadmap for decarbonising construction

Adopt
ready-now
solutions
and lay the
foundation
for
zero-carbon
alternatives

The sector should look for opportunities
to adopt medium-term solutions as early as possible

while keeping the focus on adopting all ready-now solutions.

1. Increase awareness around embodied carbon

2. Activate and aggregate demand

4. Adopt policies to stimulate demand for low- and zero-carbon assets
5. Stimulate development of low-carbon solutions through policies

8. Develop and adopt alternative materials

9. Rollout low-emissions equipment

10. Develop talent and increase knowledge sharing

12. Make design and execution more efficient

13. Update design and material standards

Short term (2023 -2030)
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Expand adoption of
lower-carbon alternatives

3. Generate green financing standards and expand
investment

6. Invest in low-carbon cement and concrete pathways

7. Scale low-carbon steel production

11. Adopt more holistic contract models and public-private
partnerships

14. Secure supply of renewable energy and build distribu-
tion infrastructure

15. Increase circularity and systems thinking

As the adoption of lower-carbon alternatives
begins to expand, short-term solutions should
continue to be strengthened and adopted in markets
where decarbonisation is just beginning.

Medium term (2030 -2040)

Scale all solutions across regions
and end markets

Commitments and incentives should
continue to evolve, and technology
solutions and required infrastructure
should be rolled out at larger scale as
demand increases and new use cases
become viable.

Long term (2040+)
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THE DRIVE TO DECARBONISE

The 2015 Paris Agreement set a bold
ambition to limit global warming to well below
2 degrees Celsius and strive to limit it to

1.5 degrees Celsius. A key element in pursuing
that goal is to achieve net-zero emissions

by 2050. To respond to the challenge,
countries and companies are setting carbon
emission targets and developing plans to
reach them. While targets have been set,

the challenge is significant and each sector
has a key role to play.

Action is needed - and fast. All sectors of the
global economy must play a role, however
the challenge will be most difficult in the
hard-to-abate sectors. These are sectors with
long-lived assets that are difficult to electrify,
either because of high heat requirements, or
the need for dense energy carriers.

Where we are: The construction
sector is harder-to-abate, and plays
a critical role in modern society.

The construction sector is essential for modern
society. It delivers the buildings we live and
work in, the roads and bridges that connect
us, and the industrial facilities that produce

and distribute our energy and goods. In
2020, construction output accounted for
around 13% of the global gross domestic
product (GDP)2 and is responsible for the
direct employment of more than 255 million
people - about 8% of the global workforce?.

The construction sector can also be

an enabler of decarbonisation across
other sectors as it will build low-carbon
buildings, renewable energy projects and
factories for more sustainable products, like
electric vehicles.

Decarbonising construction will be
particularly difficult because of some
unique factors:

= Construction is made up of multiple
interconnected sectors. Construction
touches many sectors within the global
economy, including the majority of the
harder-to-abate sectors (see exhibit 3).
Zero-emission construction will not be
possible until each of these sectors has
decarbonised, and each requires a unique
set of solutions.
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It is difficult to create a common
view of emissions in the sector. The
interconnectedness of sectors, numerous
actors, and complexity of projects make
it difficult to measure and attribute
emissions. “The baseline is where it
starts, but nobody knows it for sure.

This tells something about the maturity
of sustainability in the construction
sector”, confirmed one engineering firm’s
Executive General Manager.

Construction is locally organised
and operates with low profit
margins. The top 30 global
construction companies generate only

17% of their revenue internationally4.
The sector is full of small local operators
who are used as subcontractors for
large projects. The local nature of

the sector makes alignment of the
various subsectors, and achieving

the scale required to decarbonise,
difficult. Further, the sector’s hyper-
competitiveness results in low margins
(although this varies by project type
and region). In 2021, a typical margin
on a medium commercial project was

5% in Singapore, 2.5% in London, and
4% in Chicago and Amsterdam.> This
restricts companies’ abilities to invest in
new technologies.
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= logistics, including the t t of . tions, includi int ,
CARBON EMISSIONS matoial, finished consiruction products  haating, cooling, ighting and powering
d waste; and of assets once constructed.
IN CONSTRUCTION e

Arriving at a total emission number for the sector is complicated. Sources vary with
respect to different components included or omitted, for example:

1. value chain steps, i.e. material 4. emission types, i.e. energy and
sourcing and manufacturing, construction process emissions; and
activities, logistics, and operations;
5. geographical boundaries, i.e. which

2. end markets, i.e. buildings, countries are included.
Where we are: The construction sector’s embodied carbon infrastructure and industrial assets;
emissions account for more than 16% of global CO2 emissions but The most commonly referenced figure
remain relatively hidden. 3. the sector’s emission share in states the sector is responsible for 37%
Calculating the emissions from the construction sector requires an understanding of the each value chain step, especially when of global CO2 emissions®. That figure,
overall construction value chain (see exhibit 7), that primarily comprises: it comes to materials other than cement however, includes 8.6 Gt operational CO2
or steel, e.g. amount of emissions in emissions from buildings, but excludes 3.2 Gt
* material sourcing and manufacturing, = construction activities, including chemicals manufacturing which can be embodied CO2 from other end markets (i.e.
including core construction materials installation, maintenance, repair, attributed to construction; infrastructure and industrial facilities).
like cement, steel, aluminium, glass deconstruction, demolition and
and asphalt; waste processing;
Exhibit 7. Emissions in the construction value chain
Raw material Logistics Material Logistics Installation & Operations Maintenance & = Demolition & Logistics Reuse & waste

sourcing manufacturing assembly repair deconstruct

00 o - e

Operational carbon emissions
. Embodied carbon emissions Construction activities (not in focus for this report), from powering

processing

. Material manufacturing and sourcing D Logistics assets: Bui|ding$, Infrastructure
and Industrial facilities



This report will focus on the embodied
carbon emissions of the construction
sector. Embodied carbon consists of

emissions coming from material sourcing and

manufacturing, logistics, and construction
activities, including those associated with
demolition and waste processing. These

emissions conservatively account for 5.4 Gt
of CO2, or 16% of global CO2 emissions; five

times a major sector like aviation.”

This report will not focus on operational

emissions, which account for 21% of global

COz, because the solutions are largely

known and are being implemented through
actions such as insulation improvements and

sourcing renewable power for heating.

Conversely, embodied carbon emissions are

often unnoticed, and are considered by

interviewees to be harder-to-abate given

the value chain complexity and limited
existing solutions.

I. RESEARCH HIGHLIGHT

The construction sector accounts for 37%
of global carbon emissions, of which 16%
represents embodied carbon mainly from
material manufacturing. Significant carbon
reduction needs decisive action now.

Historically, embodied carbon emissions
have gone relatively unnoticed given the
disconnect between the construction process
and broader society and daily users.

As a society,

we focus on the
emissions we can
see like those from
cars and airplanes.
We are blisstully
unaware of the
emissions coming
from buildings,
infrastructure and
industrial projects,
let alone the
embodied carbon
associated with

building them.

Head of Sustainability, building contractor
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Greenhouse Gas Protocol emission scopes
The Greenhouse Gas Protocol Corporate Accounting and Reporting Standard is a widely
used accounting standard to look at a company’s emissions. It considers three scopes:

* Scope 1 - Direct emissions from owned or controlled sources e.g. fuel combustion in
company trucks or exhaust gases from steel making;

» Scope 2 - Indirect emissions from the generation of purchased energy e.g. the
carbon emissions from a powerplant that generated the used electricity; and

» Scope 3 - All other indirect emissions in the value chain, including procured
materials, e.g. from upstream/downstream distribution, waste disposal and
business travel.

These scopes cover emissions across the value chain of a product, from the perspective of
a single producer. For example, in construction the embodied carbon of cement is a scope
3 emission for the construction company, but a scope 1 emission for the cement plant.



Where we are: Construction emissions
are primarily driven by material
sourcing and manufacturing

As mentioned, the construction sector is
comprised of multiple subsectors which supply to
a wide range of end markets (see exhibit 8).

The different assets within each end market
require different construction methods, materials
and equipment, and have different owners. For
example, a large infrastructure project, such as
a new railway, would require large consortia
to provide planning, design and execution,
with the government as a typical owner. On
the other hand, a simple office building within
a municipality would likely be built by a local
construction firm, for a private commercial real
estate investor.

The construction of buildings accounts for 60%
of total global construction spend, infrastructure
contributes around 35% and industrial 5%.8

Most sector emissions (92%) are driven by the
manufacturing and sourcing of materials. This

is due to emissions from the chemical processes
required to produce materials, the energy intensity
of these processes, and the sheer volume of
materials required. From an emissions perspective,
cement is the largest contributor, followed by iron
and steel, and other building materials - such as
glass, aluminium, plastics and asphalt. Logistics
and construction activities account for 8% of
construction emissions. All these materials will
require different processes to decarbonise - these
processes are further explored in Appendix A -
Ways to reduce emissions in construction.
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Exhibit 8. CO2 emissions per end market across the construction value chain - INDICATIVE
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Note: 1) Emissions allocated to end markets based on spend; 2) Cement, steel and construction activities based on IEA 2020 data; 3) Other materials based on Hertwich et al. Other materials such as aluminium, other metals, glass, other
minerals, wood, plastic and rubber, and bitumen; 4) Emissions from equipment and deconstruction, waste and disposal; 5) Including small part logist ics for raw materials; 6) Incl. manufacturing and production, retail and logistics, chemicals,
paper and mining, and steel and cement producers;

Source: IEA; Global Status report for Buildings and Construction; Hertwichet al (2019) “Increase carbon footprint of materials production driven by rise in investments”; Eurobitume (2019); Future of construction; Marketline



Where we are: Infrastructure and
buildings likely to decarbonise
faster than industrial assets

Due to the unique characteristics of each
construction end market (ownership
structures, materials required, number and
complexity of projects, etc.), they differ in
terms of their readiness to decarbonise.
Readiness can be assessed using factors like
demand, regulation, technology, roles, and
implementation (exhibit 9). These factors
are used again to assess the barriers to
decarbonise the sector, and the solutions
which will be required to address them.

Infrastructure projects are likely to
decarbonise soonest. This is partly because
many infrastructure projects are developed
by governments who are able to take

a wider set of factors into account than
purely commercial enterprises, and whose
procurement policies increasingly contain
emissions reduction targets. Infrastructure
projects also typically have bigger and
more centralised budgets than building
projects, which makes it easier to absorb
the additional cost of carbon reduction
measures. As noted by an Operations Lead
at an engineering firm: “Pushed by the
government, HS2*, which is one of the largest
infrastructure projects in Europe, is planning
to reduce embodied carbon emissions, by
leveraging its purchasing power to drive
development of lower-carbon concrete.”

We cannot imagine
that we will be
creating clean
green energy from
an offshore wind
turbine that is made
out of traditional
high-carbon steel
and cement if low-
carbon versions

are available.

Sectoral banker

Buildings projects are expected to
decarbonise more slowly than infrastructure.
Spending is less centralised than infrastructure
with a wider range of smaller players. This
means more players will need to change in
order to make an impact. Building owners
can be further broken down into residential
commercial, and public buildings. These
segments have different ownership structures
which influence their ability to decarbonise.

* HS2 is Britain’s new high speed rail line being built from London to the North-West of the UK.
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Commercial and public segments are
expected to decarbonise faster than
residential, as large companies and
governments behind these projects have
higher drive to decarbonise, given their
commitment to emission targets.

For the residential segment, interviewees
believed that individual homeowners lack
awareness around embodied carbon.

As an executive of a residential building
developer said, “Except for a very, very
small segment, we see the home buyer as
uninformed on embodied carbon.” This does
vary by segment within residential buildings.
For example, interviewees also observed
that investors and developers are placing
increasing importance on environmental,
social and corporate governance (ESG)
ratings, as it is a prestige benefit for
premium housing.

Industrial end markets have focused nearly
all effort to date on constructing assets which
are cheaper to run and maintain in order to
lower operating costs which often represent
the majority of the lifetime cost of the asset.
Embodied carbon has not yet become an
important factor for these asset owners, as

an interviewee from a large engineering,
procurement and construction (EPC) contractor
noted: “For our industrial clients, operational
emissions are more than 90% of the total
lifecycle emissions of a plant, so that is their
first and foremost priority.” However, this
perspective could change as more low-

2. RESEARCH HIGHLIGHT

Applying a segment view, the infrastructure
end market will likely decarbonise first; across
the value chain, construction equipment will
likely be the first to decarbonise.

carbon industrial projects are commissioned.
For example, renewable power facilities such
as wind and solar farms increase awareness
around the materials and processes used to
construct them, simply through the principle of
what they stand for.



Exhibit 9. Construction end market characteristics

1. Demand
Asset owner focus on

embodied carbon

2. Regulation
Policies incentivising asset
owners to lower carbon from

materials and equipment

Emerging demand in specific | Emerging embodied carbon

oy segments, e.g. commercial brand | regulations for asset owners in
Buildings : ) . . .
offices; increasing real estate | select geographies; main focus
investor focus on ESG criteria still on operational carbon
In place; governments
typically the owner, Emerging embodied carbon
Infrastructure who apply country regulations for asset owners in
wide CO2 commitments select geographies
in procurement
Limited; main focus on
Industrial

Limited; embodied carbon

regulations to be developed

operational carbon, less so on

embodied

Impact on readiness

B High Neutral

|:| Low

3. Technology
Clarity on technology
options to reduce
embodied carbon

Partially aligned
across end markets on
main options to reduce
embodied carbon, less

so on how to implement

and scale these

Note: 1) 5 full circles equals easy to decarbonise relative to other end markets, O stars equals hard to decarbonise relative to other end markets
Source: Interviews; Deloitte analysis
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4. Roles
Degree of concentration
of owners

Fragmented across many owner
segments, with some concentration
in real estate portfolio owners and
large
corporate owners

Somewhat concentrated,
with government as typical owner
and larger scale projects enabling

cost absorption

Somewhat concentrated,

since industrial companies often

work internationally, and build on
designated

industrial areas

5. Implementation
Common standards, data
and methodologies for

asset owners

Limited (global)
alignment on standards,
databases or
methodologies to
calculate embodied
carbon in assets, and
make better design and

operational choices

Decarbonisation
readiness!

High level assessment
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Where we are: Construction
activities and logistics have a higher
readiness to decarbonise than
manufacturing of cement, steel and
other building materials

Like the different end markets of construction,
the subsectors which participate in the
sector show different levels of readiness

to decarbonise because of their unique
characteristics (exhibit 10).

A detailed summary of the drivers of
emissions for each of these subsectors, and
the decarbonisation options available for
each can be found in Appendix A - Ways

to reduce emissions in construction.

Cement is the key ingredient in concrete,
the world’s most-used building material®. As
one academic explained: “Concrete offers
strength and versatility that other materials
cannot offer. Cement originated as the binder
in concrete, because it's cheap, useable

and available en masse.” Cement typically
represents ~90% of the carbon footprint from
each cubic metre of concrete. The cement
sector accounted for 2.3 Gt CO2 emissions

in 2020, or 43% of embodied construction
emissions. The emissions from the traditional
cement production process, combined with
long asset lifetime of plants and the low cost
and margins around traditional cement make
it harder to decarbonise.

Steel is a key component for construction
and is used, for example, in structural
elements, reinforced concrete, pipelines

and train tracks. More than half the steel
produced globally (52%) is used by the
construction sector'®. Steel accounted for

1.3 Gt CO2 emissions in 2020, or 24% of
construction emissions. Overall, the difficulty
for steel to decarbonise is moderate. Demand
for low-carbon steel is emerging, but steel has
long asset lifetimes and limited availability

of the low-carbon energy required to fully
decarbonise production. As mentioned by

a steel executive: “Steel is considered harder
to decarbonise, but if you think about it,

there are only about 550 plants globally so

it should be doable if we focus our efforts on
this limited number of plants”.

Other construction materials include
glass, aluminium, plastic, rubber, wood,
minerals and bitumen, amongst others.

They accounted for 1.4 Gt CO2 emissions

in 2020, or 25% of construction emissions.
For some of the subsectors like glass

and aluminium, decarbonisation will be
challenging because of their energy intensity
(require more renewable energy, and higher
costs) and lengthy plant lifetimes. Other
subsectors like bitumen are dependent on
fossil-based material sourcing, although
they are developing bio-based alternatives.
In contrast, subsectors like timber are less
carbon intensive by nature. However, they
are limited in availability. On average, these
other construction materials’ producers have
more incentive to decarbonise compared
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to cement and steel. This is largely because
many of these materials are also used in other
markets, like fast-moving consumer goods,
where the sectors producing them face
greater social pressure to reduce emissions.

Construction activities generate
emissions mainly through equipment running
on internal combustion engines or generators.
Construction activities accounted for 0.2 Gt
COz2 emissions in 2020, representing 4%

of global construction emissions. They are
likely to decarbonise faster than construction
materials. Construction activities have a
moderate clarity on roles and decision
making, since the equipment manufacturers
market is relatively concentrated globally.
However, despite similar decarbonisation
options as road freight, a key difference is
that construction equipment charging or
refuelling infrastructure must be onsite (often
in remote locations), as opposed to being
installed in a fixed location like a highway
petrol station. Installing infrastructure to
each site is more prohibitive than shared
infrastructure. Overall, the readiness to
decarbonise is relatively high for construction
activities, given the understanding of the
technology options and the relatively short
lifespan of construction equipment.

In logistics, most emissions originate

from road freight and shipping to transport
materials and equipment to and from construction
sites. Overall, logistics accounts for 0.2 Gt CO2
emissions (2020), equivalent to around 4% of
embodied construction emissions.

Road freight emissions occur from

raw materials logistics, distribution of
building materials, such as concrete, to the
construction site, and disposal of waste.
Overall, the readiness to decarbonise

is relatively high for road freight due to
emerging customer demand, regulatory
incentives, alignment on decarbonisation
options, and relatively short asset lifespan.

Shipping emissions come primarily from
vessels doing raw material logistics and

from the distribution of building products to
construction sites. Steel trade, for example,
often relies on shipping due to the weight
associated. Due to the lack of alignment on
future fuels and relatively long asset lifetime,
the readiness to decarbonise is lower than for
road freight.

Where we are: Growth of carbon
emissions from construction
expected to slow, driven by reduced
demand from China

The International Energy Agency (IEA)
forecasts that growth in cement and steel
production will slow considerably towards
2050, which will also impact the growth

rate of embodied carbon emissions in
construction. This is a direct consequence of
material demand from China, India and other
Asia Pacific countries reducing as they further
develop. While material consumption in the
emerging economies of the Middle East,
Africa and Latin America is expected to grow,
this will be comparatively smaller.
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Exhibit 10. Construction subsector characteristics
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Exhibit 11.
Cement demand development outlook (Mt, 2000 = 100)
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Steel demand development outlook (Mt, 2000 = 100)

600
2050
500 ~3,800 Mt
400 50%
Steel GDP
200 ~2,500 Mt
JOO e

—

OT

'00 '05 'O 15 '20 '25 '30 '35 '40 '45 '50

== GDP
Cement actual
Cement GDP
=== Cement [EA’

Selected scenario

= GDP
Steel actual
Steel GDP
=== Steel [EA!

Selected scenario

Note: 1) Volume outlook for
steel based on IEA’s Stated
Policies Scenario (STEPS).
Volume outlook for cement
based on IEA’s Reference
Technology Scenario (RTS),
in absence of cement STEPS
scenario. STEPS provides a
conservative outlook for the
future, based on active and
under development policies.
Source: Worldsteel;
Cemnet; Worldbank; IMF;
OECD; IEA
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Where we are: Magnitude of
construction emissions requires the
sector to act urgently and at scale,
to achieve net zero in 2050

While the growth of construction volumes is
expected to slow, the construction sector’s
emissions could rise to 6.4 Gt CO2/year in
2050 if we continue business as usual (see
exhibit 11), based on projections for material
demand and assuming a broadly unchanged
intensity of carbon emissions.

This growth rate leading up to 2050 is
relatively low (19%) when compared with
other high growth sectors like aviation
(114%)". Despite this, the absolute value

of construction emissions will remain high
between today and 2050. Additionally,
interviewees noted the complexity to
decarbonising the construction sector relative
to other hard-to-abate sectors due to the
lack of a single global regulatory body like
those that exist in shipping (International
Maritime Organization - IMO) and aviation
(International Air Transport Association -
IATA), in addition to the other characteristics
explored in this chapter. Although this is

a rather pessimistic view, it is also a stark
reality check for the sector that more and
faster action is needed. Summarised by an
engineering firm’s Chief Environment Officer:
“Bending the curve of embodied emissions in
this sector is monumental, as we still have to
start on it.”

Decarbonisation targets and pathways are
already available for some subsectors. For

instance, the Global Cement and Concrete
Association sets out a roadmap for netzero
cement production by 2050 and the World
Steel Association advocates'? limiting global
warming to below 2 degrees Celsius by
2050. However, reaching these targets is not
a given. Decarbonising construction
requires coordinated action, at
scale, today.

f the world is
really going to
decarbonise
construction,
everyone and
every country
needs to have a
roadmap that they
follow.

Materials manufacturer
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Exhibit 12. Global construction carbon emission development (Gt, 2020 = 100)

Absolute
emissions
(vs. 2020)
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Note: 1) Steel emission forecast is calculated with emission intensity ('20) and IEA STEPS volume forecast. Construction’s share of 54% global steel consumption (2020) kept constant. Cement emission forecast is calculated with emission intensity ('20) and IEA RTS
volume forecast. Other materials and equipment are extrapolated based on current emission intensity and future cement production; 2) Total emissions for cement and steel for 2030 and 2050 reported in SDS. Other materials emissions scaled based on steel emission
intensity development. Logistics and construction activities scaled based on road freight emission development.
Source: Worldsteel; Cemnet; Worldbank; IMF; OECD; IEA.
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DECARBONISATION READINESS
FACTORS: SUMMARY

This research used a systematic approach

to assess the readiness of the construction
sector to decarbonise, using three core
decarbonisation readiness questions and five
readiness factors (see exhibit 13). It looks at
decarbonisation through a comprehensive,
sector-wide lens and examines barriers

to break down the challenge into
manageable components.

From an end market perspective, the severity
of barriers can vary depending on differences
in customer preferences, project size and
technologies used.

In many respects, the barriers to
decarbonisation are common across

the world. Globally, material and design
standards remain unaligned and technologies
for low-carbon cement and steel are yet

to be developed at scale. Yet, there are

also geographical nuances. Demand

and regulatory incentives for low-carbon
construction are emerging in Europe but
remain less developed in many other
markets. While the measures in Europe

are still considered insufficient by the
interviewees, they show that some markets
are shifting faster than others. More regional
differences are highlighted in Appendix B -
Regional Differences.
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Exhibit 13. Sector decarbonisation readiness framework

Readiness
questions

Why should the

sector change?

Can the sector
change?

How fast can the
sector change?

Readiness factors

Demand

Description

Pressure and incentives from customers, investors,
financiers etc. which creates motivation to decarbonise

Regulation

Instruments applied by regulators and governments to
accelerate change

Technology

Alignment on technical and commercial feasibility of
alternative materials and lower emission technologies

The ease in making decisions, clarity on roles and
responsibilities, and alignment of priorities for key
stakeholder groups

Implementation

What it takes to replace or upgrade the sector at
scale, people, processes, equipment, energy, materials

supply, etc.

25



Overall, construction’s readiness
to decarbonise is relatively low,
with four main barriers identified by
research participants:

* Limited market and customer
demand: procurement practices
operate in a fragmented market which
typically prioritises cost and speed.

This is particularly felt in the buildings
and industrial end markets, but less so

in infrastructure, where public sector
decision-makers are able to take a wider
set of factors into account.

= Absence of regulatory incentives:
regulations for construction subsectors
(e.g. cement and steel manufacturing)
and end markets (i.e. buildings,
infrastructure and industry) are not
aligned, nor adequate to incentivise
action across the (global) value chain.

3. RESEARCH HIGHLIGHT

Several barriers to decarbonisation exist:
ineffective procurement practices; lack of
regulation on both supply and demand
sides; production challenges for low-carbon
concrete and steel; and no established
standards for data, methodologies and tools.

* Breadth and scale of technology
implementation is significant: the
production of low-carbon construction
materials, such as cement and steel, is
constrained by multiple techno-economic
factors, like major capital expenditure,
availability of raw material substitutes,
access to renewable energy and
immature CCUS infrastructure.

* Lack of harmonised standards:
the lack of consistent definitions, data,
methodologies and tools to account for
carbon, as well as of a single regulatory
body, results in varying interpretations,
limiting the ability of market participants
to claim outcomes consistently.

While these four barriers were most
frequently mentioned, interviewees also
identified a range of other barriers across
the readiness factors (exhibit 14). These are
explored in greater detail in the

following section.
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Exhibit 14. Construction sector decarbonisation readiness

Readiness LCCLTTERS

questions

Why
should
the sector
change?

Can the
sector
change?

How
fast can
the sector
change?

Revelance

. Major

Moderate

|:| Minor

Participants’ view on ) )
. . Main barriers
factors severity of barriers

Industrial m Design and procurement decision criteria prioritise cost and speed.
Demand 80%

Financiers are reluctant to invest in uncertain new technologies with unclear
payback periods.

Regulations do not incentivise action across the value chain and are lagging in markets
with the highest production emissions.

Regulation 80% Regional variations in regulations and standards limit investment at scale.

Outdated standards slow adoption of new technologies and practices.

Low-carbon cement challenged by process emissions, scarce material substitutes,
limited access to alternative fuels, and immature CCUS.

Low-carbon steel challenged by immature CCUS, raw material scarcity, and high
costs of renewable energy.

Technology [REIOA ) )
Limited adoption of alternative building materials.

Focus on individual projects limits scale and long term commitment.

80%
Expertise around low-carbon practices is limited to a few large companies.
Inconsistent definitions, data, frameworks and tools limits ability to compare and
claim decarbonisation outcomes.
Implementa- 20% Construction is a conservative sector where there can be a reluctance to adopt
tion ° new technologies and practices.

Enabling production and distribution assets for alternative fuels and carbon
Major barrier 100% Minor barrier 0% capture not at scale yet.

Construction
sector average

Source: Interviews; Deloitte analysis

End-market

Build| Infa
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DEMAND

One of the primary considerations for any
decarbonisation initiative is who will pay for it.
80% of interviewees indicated neither owners
nor financiers are currently willing to pay a
low-carbon premium for lower-embodied carbon
assets (exhibit 15). Asset owners are inclined

to minimise construction costs and focus on
lowering operating costs over time. The focus on
lowest costs extends across the value chain, from
engineers to contractors and materials provid-
ers. As a result, low-carbon construction activities
and materials struggle to secure investment.

The infrastructure end market is slightly more
advanced in this area than the buildings and
industrial end markets. This is for two main
reasons: first, the embodied emissions in
infrastructural assets are proportionally larger
than the operational emissions; second, the
assets are often owned by the public sector -
where design and procurement decision
criteria are often broader than purely cost.

Industry perspective: Design and
procurement decision criteria priori-
tise cost and speed

Current construction design and procurement
practices tend to prioritise the project’s cost

and speed of implementation, and as a
result decarbonisation criteria are not usually
considered. Even when lower emissions are
taken into account at the start of a project,
for example in the design or material supply
decision making, too often the full lifecycle
emissions are disregarded.

Construction is a competitive, low-margin
sector with relatively low barriers to entry
and many players across a fragmented value
chain. As such, cost and timeliness remain
the two largest differentiators, and risk
management is key.

Non-financial objectives such as a reduced
carbon footprint are seldom prioritised. In the
design stage, lifecycle carbon trade-offs are
rarely measured. Emissions reductions at one
point in the value chain can lead to higher
emissions during other stages. In the absence
of Lifecycle Assessments (LCAs), these decisions
reportedly lack a detailed consideration and
understanding of the implications. As noted by

one building developer’s Head of Sustainability:

“At the end of the day, it comes down to cost.
If I think the customer will pay for it, | will add it,
otherwise it is not worth it for me”.
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Contractors don't
seem to be driven
by whether o
oremium material
needs to be
replaced twice

or ten times in @
building's lifetime;
they seem focused
on initial price.

Sustainability Director, engineering firm

For those projects in which carbon
requirements are articulated at the start of
the project, it is commonly observed that the
focus is not consistently maintained between
the design and the execution of the project.
This is particularly the case when capital is
constrained or timelines are not met. In the
words of a building contractor executive:
“We always start a project with good
intentions to reduce the carbon footprint,
but when reality hits, | have to choose based
on costs.”

Exhibit 15.

INTERVIEW INSIGHT

0%

Research participants believed that the
subsectors and financiers are unwilling
to pay a ‘low-carbon premium’ to lower
embodied carbon.

Interviewees noted increasing examples

of carbon-related criteria in procurement.
However, these tend to be limited and are
often seen as a formal box-ticking exercise
only. As a result, contractors bidding for
projects rarely push the boundaries of what
is possible as investments in more sustainable
propositions are not seen as a genuine
differentiator. As noted by one industrial EPC
executive: “There are sustainability criteriq,
but there is no benefit to us surpassing them.
The client wants what they have asked for
and are not going to reward us for being
more sustainable if it impacts costs”.
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Industry perspective: Financiers
are reluctant to invest in uncertain
new technologies with unclear
payback periods

Financiers, investors, and insurers have been
reluctant to finance the early investments
required to develop new technologies

at scale. This is because many of the
technologies remain unproven, or the future
returns are uncertain. While venture capital

and government R&D grants have a role
to play, traditional financiers are needed

to provide the scale of capital required to
enable the decarbonisation of the sector.

Technologies like carbon capture, utilisation
and storage (CCUS), new cement processes
and steel plants will require significant capital
investment before they are available at scale.
For example, switching just one average
European steel plant to green hydrogen
would require €3.3-7 billion'3. These
technologies remain either immature or more
expensive than the solutions used today. As
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long as technology risk remains high, or there
is uncertainty around customer willingness to
pay for low-carbon construction, financiers
will likely remain reluctant to provide
significant capital. As noted by one banking
executive “We cannot finance an asset that
I am not sure will be able to pay off its debt.
We take risks, but we are investing with
people’s savings and pensions so that risk
needs to be well understood, and we do not
feel that many of these solutions are well
understood today.”

This uncertainty is more pronounced for
low-carbon steel than low-carbon cement.
To lower emissions, cement producers can
start by applying incremental improvements
in fuels and raw materials used that are
relatively well known to the industry. On
the other hand, low-carbon steel has

larger uncertainty around the high capital
investment needed to overhaul existing
assets, the viability of technology pathways
and the ability to secure a supply of
hydrogen. This makes financiers reluctant to
take on such a complex, high-risk investment.

Investors and financiers are beginning

to offer low-carbon incentives to their
customers, such as discounted mortgages
for energy-efficient homes, but they have

yet to do this for embodied carbon. Like

with customer demand, awareness around
embodied carbon needs to be elevated with
financiers to ensure it gets the focus it needs
to better understand the associated risks and
unlock capital.
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REGULATION

Construction is a complex sector to regulate
due to the wide range of asset types, multiple
subsectors, and unique local geographical
characteristics. 80% of interviewees said the
absence of adequate regulatory incentives
was a major barrier to decarbonisation (see
exhibit 16). They called for more consistent,
updated and aligned regulations for supply
and demand, with more clarity around how
policy would evolve over time.

The infrastructure end market is challenged
less by regulatory incentives than buildings
and industrial assets are. This is because
infrastructure like roads and railways are
more homogenous across regions and use
similar materials. For example, although the
USA varies in topography and climate, 94%
of its roads are paved with asphalt.’

Industry perspective: Regulations
do not incentivise action across

the value chain and are lagging in
markets with the highest production
emissions

The industry’s subsectors and end

markets lack regulations that incentivise

decarbonisation of both supply and demand
in parallel. This makes suppliers hesitant to
invest large sums because there is no clarity
on sufficient demand and therefore a return
on investment. Furthermore, uncertainty about
how long policies will last adds to hesitancy
to invest. These challenges are exacerbated
by the fact that construction emissions are
currently concentrated in areas where the
regulatory landscape is more nascent.

In the absence of sufficient regulation, a value
gap arises between the cost of producing
low-carbon materials and energy and the
market price for which they can be sold. By
way of illustration, producers of low-carbon
steel will have higher costs per tonne of steel
versus conventional producers. This is a result
of investments required to overhaul assets and
increased operating costs in order to adopt
low-carbon energy carriers. A low-carbon steel
bridge would therefore be more expensive for
infrastructure owners than a traditional one.

Updated policies for both end markets
and subsectors are needed to bridge the
value gap.
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Policies for end markets are needed to
stimulate demand for lower-embodied carbon
assets and materials. However, interviewees
noted that these policies, such as subsidies,
tax incentives and directives, do not currently
go far enough, and are mainly focused

on operational carbon (e.g. energy labels

for buildings).

Policies for construction subsectors are
also needed to stimulate the supply of new
materials, lower-carbon equipment and
logistics. However, commonly deployed
instruments such as the Emissions Trading
System (ETS) and carbon taxes are not yet
stringent enough to cover the value gap
between traditional materials and more
expensive low-carbon options. For example,
the EU ETS in the construction sector
predominantly comes down to cement and
steel manufacturing, which have extensive
free allowances and relatively low prices
relative to the abatement costs.

While some markets are showing signs of
change, regulation is currently mostly nascent
in geographies where construction volumes -

Exhibit 16.

INTERVIEW INSIGHT

0%

Research participants believed that a
lack of regulatory incentives for end-
markets and subsectors is a key barrier
to decarbonisation.

and thus emissions - are largest (see exhibit
17). EU nations were seen by interviewees

as having the most mature regulations
around embodied carbon. This is due to
examples like mandatory Lifecycle Carbon
Assessments (LCAs) in markets like France, the
Netherlands, Denmark and the UK, the EU'’s
ETS, and regulations around construction
equipment in Norway.

We need a stick or
a carrot: we don't
have either of these.

CEQ, material supplier
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Interviewees noted that regulation around
embodied carbon was still nascent in China
and India. While both countries have set net-
zero targets (2060 and 2070 respectively),
there is limited regulation in place today. To
realise a meaningful emission reduction in the
construction sector, regulation will be needed
across all geographies. The role and timing
of different geographies is further explored in
Appendix B - Regional differences.

Finally, interviewees expressed concerns
about the timing of regulatory incentives
across the value chain. Because the
construction value chain is so broad,

each subsector will require similar pace

and equitable magnitude of investment in
decarbonisation. To illustrate, investment

in a new materials manufacturing facility

is obsolete if it does not have the clean
energy to power it, or an end market willing
to pay for it. Synchronising the pace and
magnitude of investments is difficult as other
sectors are also attempting to secure limited
supplies of low-carbon energy to support
their own decarbonisation efforts. In order
to decarbonise the construction sector,
governments will need to introduce equitable
incentives and regulation on the end markets,
subsectors, and their supply chains.

| don't want to
invest in zero
carbon concrete
when only a few
of my customers
are asking for it,
and my customers
won't ask for it

it what | offer is
too expensive.
Governments need
to help both of

us out, and at the
same time.

Chief Innovation Officer, cement manufacturer
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Exhibit 17. Steel and cement demand vs. embodied carbon regulations
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Exhibit 18. Overview of selected construction regulations

Deep dive: Construction
regulations across the world

Interviewee commentary around challenges
and opportunities

Selected regulatory insight
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Industry perspective: Regional
variations in regulations and
standards limit investment at scale
Multiple authorities within the construction
sector has resulted in a wide variation
between regulations and standards in
different regions. This causes complications
for material and equipment suppliers to
secure approval for emerging technologies,
making it difficult to scale these solutions in
a timely and cost-effective manner.

Standards in the construction sector typically
describe technical requirements to ensure
the safety of structures. Such standards

are applied to both materials and designs.
Material standards, for example the
European cement standard, prescribe the
composition and specifications of cement
types. Design standards, like the Eurocodes,
prescribe safety norms and calculation
methods for structures.

Standards exist at various levels. In

Europe, the common design standard are
Eurocodes, which are supplemented by
national variations like Building Decree

in the Netherlands, which includes its

own safety norms. Regional bodies, such

as a municipality, can apply additional
regulation, such as the City of London’s LCA
requirements, which must be met in order

to get a building permit. These stacked
standards and regulations create complexity
in design and execution when organisations
operate across borders. As one regulator’s
policy officer mentioned: “European norms

are aiming for standardisation, but instead
they make everything more expensive
and complex”.

Industry perspective: Outdated
standards slow adoption of new
technologies and practices

Standards within the industry are often many
decades old and this deters contractors from
adopting new technologies and practices.
Innovative technologies and practices to
lower embodied carbon are often unable

to be used because standards prescribe
specific, traditional technologies and not
generic performance metrics. Interviewees
perceived the adaptation of standards to

be high-risk and costly, requiring extensive
testing, approvals and agreements from
various stakeholders.

Interviewees noted that the standards
landscape moves more slowly than
innovation does, meaning more efficient
technologies are at times available, but

are not able to be adopted. For example,
interviewees indicated that the amount

of cement in concrete can, in theory, be
reduced but outdated standards prohibit this
in practice. “We tried to adjust our national
concrete standard with a wide committee,
but eventually didn't succeed, because
various groups didn’t dare to challenge

the standard; for example, a building cannot
be insured without complying to the (old)

standard”, mentioned a regulator’s executive.

These outdated standards deter contractors
from exploring ways to improve production,
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such as piloting new technologies. This slow
evolutionary pace exacerbates sector’s
risk-aversion and fear around new materials
and activities. The Head of Sustainability

for a large road manufacturer and operator
said: “We could make our roads out of over
80% recycled material, significantly reducing
emissions. We are not able to today because

the existing standards limit the amount of
recycled material we can add.”

This also applies to more mature regions.
The Netherlands, despite its more advanced
regulation, provides an example of how
standards can impede uptake of new
materials. The country’s mandatory LCA
assessment methodology has yet to account
for new technologies, such as CO2 reduction
from bio-based materials. As a result,
adoption of low-carbon materials such as
cross-laminated timber has been limited.




TECHNOLOGY

Compared to market and regulatory factors,
alignment around feasible technology
options is seen as less of a challenge in

the construction sector. Most interviewees
believed that low-carbon steel and cement
will be required, as well as electrified or
alternative fuels for construction activities
and logistics. That said, some of the required
technologies are not yet commercially
available and require considerable
infrastructure, particularly low-carbon cement
and steel.

Cement

Industry perspective:

Low-carbon cement challenged by
process emissions, scarce material
substitutes, limited access to
alternative fuels, and immature
CCUS technology

The cement sector is close to the heart of the
construction sector, and the decarbonisation
options are mostly known throughout. From
interviews and existing cement and concrete
roadmaps'#1¢, four decarbonisation options
emerge that all face their own challenges.
The options are:

3.

Fuel substitution is limited by
alternative fuel availability - such as
biomass and hydrogen - making it less
cost-competitive, and often requiring
supporting infrastructure to be in place.
Cement plants are often in remote areas
close to raw material sources, which
makes fuel sourcing more challenging.
This option would address combustion
emissions, solving 40% of total emissions
at a maximum, without affecting the
remaining 60% process emissions.

Clinker substitution materials

such as coal fly-ash and furnace slag
have limited - and in some cases
declining - supply. Availability is often
geographically concentrated. This is
due to declining coal consumption

and decommissioned blast furnaces
that are the source of these substitutes.
Newer types of substitutes are still in the
development phase, or in operation on a
small scale only.

Alternate chemical processes for
clinker production. New technologies
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are being developed which focus on
replacing limestone calcination as the
primary process for clinker production -
the largest driver of cement emissions.
Examples of this include breakthroughs like
those of Cambridge University and UCLA
which use recycled concrete and electricity
or limestone alternatives, electricity and

a unique stoichiometric process to create
zero-carbon alternatives to clinker!7.18.

4. Carbon capture and the required
infrastructure are still immature. A
range of technologies are being piloted
across the globe, with varying degrees
of readiness. According to the IEA,
technologies with full capture rates
will not be commercially available until
2024 at the earliest'?, and scaling is
only expected after 2030. This was also
acknowledged by an executive at an
engineering firm: “A key hurdle we need
to overcome is where to put the CO2
and building the required infrastructure”.

All options are further challenged by the
wide availability and cost-competitiveness
of the OPC used today. This is expected to
change in time as more stringent carbon
taxes, technological developments and
economies of scale materialise. For instance,
a tonne of low-carbon cement following

the CCUS option is anticipated to be 40%
cheaper than OPC in 2050, and clinker
substitution - specifically with calcined

clay - could already be 40% cheaper today
(see exhibit 20).

Exhibit 19.

INTERVIEW INSIGHT

0%

Research participants believed that a lack of
consensus on technology options is a major
barrier to decarbonisation.

Ordinary Portland
Cement is
incredibly cheap
and abundantly
available, so the
same will have

to be true for any
viable alternative.

Head of Sustainability, cement manufacturer
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Exhibit 20. Total cost of ownership — Cement

DECARBONISING CONSTRUCTION: BUILDING A LOW-CARBON FUTURE @

Coal + CCUS3 (OPC?)

Coal Gas . N
+ +
(OPC - Ordinary Portland (OPC - Ordinary Portland Coal Clm.ker substitution (Cc.u.als : Carbon Capture
Cement) Cement) (Calcined clay?) Utilisation and Storage
(Ordinary Portland Cement3))
Feedstock and energy 20 3 36 47 53 65 23 25 29 71 89
cost# 5 ($/t)
2020 2030 2050 2020 2030 2050 2020 2030 2050 2030 2050
Production costé ($/t) 4 4 4 80 70
I .
2020 2030 2050 2030 2050
33 17 277 26 92 216
% Z ; 20 71 168
/ /,
Carbon cost” ($/t) ' 7 2 / , y | 12 ,,,2?,,
2020 2030 2050 2020 2030 2050 2020 2030 2050 2030 2050
* " %]3 72 144 %8] 47 100 201 162 187
Cost of end product / // o czroazs
, / 7 |
($/t) rrry 7 NN77//// % SO/ ////, //%
2020 2030 2050 2020 2030 2050 e 2030 2050 2030 2050

Carbon emission
reduction vs coal (OPC1)

0.2t COz2 / t cement
(22% reduction)

0.3tCO2 / t cement
(39% reduction)

0.8t CO2 / t cement
(90% reduction)

Cost delta vs. Coal

120% 100% 90%

80%?2 70% 60%

110% 60%

Note: European view, excluding free ETS allowances; 1) Original Portland Cement, assumed to be a mixture of 95% clinker and 5% gypsum; 2) Calcined clay not currently available in sufficient quantities for global application; cement mixture assumed to be 50% clinker,
30% calcined clay, 15% limestone, 5% gypsum; 3) CCS limited commercial availability in 2020, not modelled. Assuming post combustion technology, 0% capture rate assumed. CCUS cost of $93/t CO2 in 2030 and $82/t COz2 in 2050 (excl. energy). Plant assumed
relatively close to shore; 4) Energy prices from world energy outlook 2020; 5) Including raw material cost. Clay assumed to be available within 10km; 6) Only production cost on top of regular cement planned included. For calcined clay CAPEX for flesh calciner, with
production capacity of 300kt/yr, depreciated over 15 years and additional OPEX associated with calcined clay manufacturing; 7) Carbon cost ranging from $38/ton in 2020, to $324/ton CO2 in 2050;
Source: IEA, LC3 financial attractiveness report, Manning et al. (2019) - Evaluation of raw material extraction, Plaza et al. (2020) - CO2 Capture, Use and storage in the Cement industry; Monteiro et al. (2022) - SSUC scenarios for the cement industry




Meanwhile, contractor purchasing habits
for cement would also need to change.

One Industrial EPC contractor’s strategy
director said, “Contractors buy cement in
small quantities as they source project by
project. That is not enough to nudge cement
producers into investing in more capital-
intensive solutions, like CCUS infrastructure.”

Steel

Industry perspective: Low-carbon
steel challenged by immature CCUS,
raw material scarcity, and high costs
of renewable energy

While industry stakeholders are more aligned
on the possibilities to decarbonise steel

than cement, a number of technological
challenges remain which could limit progress.
These include: immature CCUS technology, a
scarcity of raw materials, and the high costs
of renewable energy.

From interviews and extensive industry
research available, multiple decarbonisation
options emerge. The main ones are
conventional plants with carbon capture, or
new types of plants with direct reduced iron
(DRI) - electric arc furnace (EAF) technology
that are potentially powered by hydrogen.
Overall, these options face challenges.

The processes that are reliant on carbon
capture (conventional process with

carbon capture, DRI using natural gas) are
challenged by nascent technologies, in the
same manner as described in the previous
barrier (cement).

DRI plants require scarce high-grade iron
ore. Only ~30% of global iron ore is suitable
for these processes. This hinders DRI-EAF's
ability to scale, even if steelmakers are able
to absorb high costs of asset replacement.
Also, hydrogen DRI plants do not exist at
scale yet. Though some pilots do exist, there
is currently no full-scale hydrogen-based DRI
plant functioning in the world.

Finally, processes using renewable energy
(EAF plants and DRI plants using hydrogen)
face high costs of energy supply as well as the
absence of supporting distribution infrastructure.
“Don't focus on the steelmaking, but on getting
the H2.”, said one steel producer’s Director of
Partnerships. Neither CCUS nor green hydrogen
production is at a sufficient scale globally to
facilitate the transition to low-carbon steel.

Because of this, low-carbon steel is not yet
affordable at scale (see exhibit 21). Low-
carbon steel produced following the DRI-EAF
option, either with natural gas or hydrogen, is
50% and 240% more expensive, respectively.
The cost premium associated with the
production of low-carbon steel is expected

to decline over time, driven by more stringent
carbon taxes, technological developments
and economies of scale. To illustrate, the cost
per tonne of low-carbon steel using the DRI-
EAF with hydrogen might be 30% cheaper
than the conventional option by 2050.

The report “Decarbonising Steel: Forging
new paths together” offers additional and

nuanced barriers to be overcome.
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https://www.shell.com/energy-and-innovation/the-energy-future/building-low-carbon-demand-sector-by-sector/_jcr_content/root/main/section/simple_1738510183/list_1250866868/list_item_copy_45101/links/item0.stream/1669034355054/5b1f673472d02633f82125fef387d13c266a454d/shell-decarbonising-steel-digital.pdf
https://www.shell.com/energy-and-innovation/the-energy-future/building-low-carbon-demand-sector-by-sector/_jcr_content/root/main/section/simple_1738510183/list_1250866868/list_item_copy_45101/links/item0.stream/1669034355054/5b1f673472d02633f82125fef387d13c266a454d/shell-decarbonising-steel-digital.pdf

Exhibit 21. Total cost of ownership - Steel

Scenario when Hz cost remains at $3.3/kg
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Notes: European view, European steel plants are typically more CO: efficient than the global average; 1) CCS rate assumed 52%, based on 70% capture rate for BF and 23% for coke oven. 20% CCS cost reduction towards 2050, starting at $120/t CO2 captured;

forecast in real values; 2) Calculations assume DRI-EAF co-located; 3) Excluding raw materials, H2 costs: $5.5/kg in 2020; 4) Assuming asset upgrade cost for BF-BOF and asset upgrade costs BF-BOF to DRI-EAF, written off over 20 year lifetime. Including maintenance
cost; 5) Carbon price ranging from $38/ton in 2020, to $300/ton CO2 in 2050, excludes EU ETS free allowances; 6) Increase in cost explained by increasing energy price;
Source: IEA, BMWI, PBL, Tata Steel Nederland/ljmuiden RB report, ICF & Fraunhofer, EIB, ECB, Deloitte
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Alternative materials

Industry perspective: Limited
adoption of alternative building
materials

The industry is unwilling to adopt alternative
building materials and this is largely due to
the perceived operational and financial risks.

Research into alternative materials has been
limited because most construction suppliers
operate on thin margins and often do not
have the capital to invest in early-stage and
high-risk material innovation. As a result,
availability is limited and variable across
markets: “We have to invest massively in
materials that don't exist today; this is a
bottomless R&D pit. We need Albert Einstein
and scientists deployed en masse”, said the
CEO of a large infrastructure owner.

Application of alternatives like bio-based
materials (e.g. timber) or reused materials
(e.g. secondary asphalt) is further
constrained by:

= increased operational complexity
associated with adopting alternative
materials - for example, using alternative
types of cement alongside Ordinary
Portland Cement implies parallel supply
chains and duplicate onsite processes;

= higher costs associated with producing
some of these alternative materials - for
example, cross-laminated timber; and

= physical limitations in availability, e.g.
limited global supply of harvestable
wood, and limited waste management
infrastructure for reusing building
materials and components.

Another consideration is that the appetite
from financiers, insurers and construction
companies is low until these alternatives

are recognised by regulatory standards,

and by owners and users of the asset. On top
of that, there are high costs associated with
the certification process, since new materials
are traditionally difficult to obtain regulatory
approval due to the perceived risks of
switching from a proven product.
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ROLES

The construction sector is a long and
complex value chain, with many participants
having influence over decisions. It can be
unclear how priorities are aligned and

how knowledge is shared to drive quality
decisions on decarbonisation. Participants
to the research identify limited alignment,
the prevalence of small-scale initiatives, and

Exhibit 22.

INTERVIEW INSIGHT

0%

Research participants believed that
challenges to make decisions
across the value chain is a barrier
to decarbonisation.

limited expertise around decarbonisation
options as key challenges to address.

The buildings end market struggles slightly
more than the infrastructure and industrial
end markets. This is due to the extent of

the fragmentation and one-off projects that
occur to create unique buildings. In contrast,
most infrastructure or industrial projects are
more concentrated.

Industry perspective: A focus on
individual projects limits scale and
long-term commitment

Traditionally, the construction sector focuses
on individual projects without adequate
cross-project visibility and alignment of
priorities. This is because of the number and
composition of different stakeholders involved
each time, which makes it difficult for the
sector to collaborate effectively across the
value chain. In addition to this, stakeholders
within individual projects have differing
motivations which are often not aligned and
focused on the short term only. As a result,
sufficient scale and long term commitment for
new decarbonisation solutions is lacking.
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Exhibit 23. Roles involved in typical construction project
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A construction project involves many different
actors coming together (see exhibit 23) for
short periods of time with individualised
contractual arrangements. Collaboration

is often focused on short-term objectives,

as opposed to long-term alignment on
strategic priorities. Contracting models within
projects are often complex with multiple
subcontractors. For example, a single-family
residential building project typically employs
20 or more subcontractors2?, from plumbing
and electrical wiring to flooring and painting.
For large landmark projects, like the London
Olympic Park, the number of subcontractors
can be thousands?'. “You work with very
local subcontractors - often not more than six
guys with a van, rarely with decarbonisation
as a priority, and with different incentives to
the major players”, said an engineering firm’s
Head of Sustainability.

The lack of priority alignment is particularly
evident between the subsectors and end
markets. For instance, interviewed contractors
assumed that the short-term availability of
cost-competitive, low-carbon cement was a
given. However, cement suppliers indicated
this might take a decade, driven by the large-
scale investments that are needed. A similar
phenomenon occurs between contractors and
equipment manufacturers. Contractors were
confident that low-emission equipment can
be rolled out by the end of the 2020s, while
interviewed equipment manufacturers were
sceptical that the necessary infrastructure will
be available in time.

Industry perspective: Expertise
around low-carbon practices is
limited to a few large companies

A few large companies have the expertise
for low-carbon practices but there is no

clear mechanism to disseminate knowledge
across the value chain. Companies are not
incentivised to share their innovations and
this prevents the accumulation of knowledge,
limiting progress and perpetuating a lack of
awareness about decarbonisation challenges
and potential solutions.

The local small
olayers don't have
money or time to
invest in trainings -
they just want to put
food on the table.

Director of Operations, major building contractor

The innovation which has happened to-
date has been concentrated within large
companies who can spread the cost and
risk across a broader operation. Even within
these companies, expertise tends to be
concentrated in pockets.
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IMPLEMENTATION

The time and effort needed to enable and
scale emerging decarbonisation options is
perceived as the largest barrier to accelerating
change. A significant challenge is a lack of
consistency in the definitions of low-carbon
materials, in the data available and across
calculation methodologies used to account
for carbon. Also cited as key challenges

were a conservative culture, and the lack of

Exhibit 24.

INTERVIEW INSIGHT

0%

Research participants believed
that the time and effort needed to
scale solutions is a major barrier
to decarbonisation.

distribution and storage infrastructure for low-
carbon fuels and captured carbon.

Industry perspective: Inconsistent
definitions, data, frameworks and
tools limits ability to compare and
claim decarbonisation outcomes
Inconsistent definitions about what constitutes
low-carbon materials, inconsistent data

sets, and no agreed framework to measure
and benchmark carbon performance limit
stakeholders” ability to compare emissions
performance. While there are many tools
available to measure performance, they
have varying material performance data
and carbon accounting methodologies,
which makes it confusing to facilitate uniform
lifecycle decision making over multiple value
chain players. This limits the ability to claim
favourable emissions performance.

Solutions are still a work in progress: “It's not
there yet, but the UK's Royal Institution of
Chartered Surveyors is developing a built-
environment carbon database, which follows
their reporting advice and guidelines”, said a
Chief of Sustainability at an engineering firm.
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Using low-carbon steel as an example, there
is currently no unified standard to compare
suppliers. Standards are based on emissions
or production processes, and qualifying
thresholds for emissions intensities are set at
anything from 2.5 tonnes CO2 per tonne of
crude steel, to near zero.

Although initiatives are emerging to make
data sets consistent - such as the ISO
Environmental Product Declaration, and
material passports for selected products -
companies today have no choice but to
use data that might not be fully applicable
based on their geography or precise
manufacturing methods.

The absence of an agreed framework to
measure and benchmark carbon performance
forces multiple companies to do the same
work in parallel - for example, to define
baselines and attribute emissions to certain
value chain participants. This is particularly
evident around an organisation’s indirect
emissions across its value chain (Scope

3 emissions).

We need to
distinguish
between counting
and accounting
carbon. Accounting
has rules to it,
and it is unclear
who is going to
develop a rule-
based accounting
methodology

for carbon.

Researcher
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Industry perspective: Construction
is a conservative sector where there
can be a reluctance to adopt new
technologies and practices

According to many interviewees, the
construction sector is hesitant to adopt new
practices and technologies in production and
on construction sites. This is in part because
mistakes in the low-margin construction sector
can be costly, because there is a lack of
incentives to innovate, and because the risks
of new technologies are difficult to manage.

Interviewees cited the slow rate of change
from legacy practices to new ones such as
digitalisation as a key example. “It is not
uncommon to sign off on processes manually,

on paper; particularly among the team on the
ground”, said a building contractor executive.

We're still pushing
for a digital
transformation,

let alone a green
transformation.

Business Unit Director, building contractor

Risk aversion further inhibits the adoption
of new technologies and practices,
attributable to the fact that mistakes are
costly and “can easily put you out of
business”, an infrastructure contractor
executive commented.

The net result of legacy practices is for
instance evidenced by the amount of onsite
material losses. An estimated 30% of the
total weight of new virgin building materials
delivered to a building site ends up as waste.
These commonly known, but large-scale
solutions are not often implemented.?2

This slow rate of adoption could be
accelerated through incentives - particularly
for operational personnel: “We have been
doing this for ages - why all of a sudden this
change; what is in it for us?”, commented

an infrastructure contractor’s Head

of Innovation.
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Industry perspective: Enabling carbon energy varies across geographies, hydrogen requires, among other things, Next to alternative fuels, a key enabler
production and distribution assets depending on investments made, and the solar or wind farms and electrolysers. for decarbonising cement and steel

for alternative fuels and carbon number of sun hours or availability of wind or  Undertaking such a project would require is CCUS. Today, the infrastructure to
capture not at scale yet hydro power. obtaining permits, which can take years to distribute low-carbon fuels, and transport
The construction sector is competing with achieve, driven by politically sensitive and and store captured COz is missing. This
other sectors for the limited supply of low- Investment is needed to construct the often slow bureaucratic processes to get is predominantly because “it requires
carbon fuels, such as renewable electricity, enabling production and distribution assets development plans approved and financed. hundreds of billions in spend across multiple
biofuels and hydrogen. “We are not the only  for alternative fuels and carbon capture. The construction phase that follows to build sectors, and the development of completely
sector which needs to decarbonise; there “The challenge is how fast we can scale this infrastructure is further complicated new industries that do not exist today”,

are limited supplies of these new fuels, and in supplying renewables to enable this by scarcity in materials but also workforce said a researcher working for another

| am now competing with shipping, power transition”, noted a regulatory body’s team capacity and expertise. As a result, this is a regulatory body.

and other sectors for access to them” said lead. To scale production, new assets need challenge which requires multiple layers to

one large steel producer. Supply of this low- to be in place. To illustrate, producing green be solved.
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SIGNALS OF CHANGE

Increasing numbers of political leaders are
making commitments to reduce carbon
emissions. EU and USA administrations have
plans to realise net-zero by 2050, with China
and India making netzero commitments

of before 2060 and 2070, respectively.

The plans are translating into action through
policy and regulation. For example, the

Exhibit 25.

INTERVIEW INSIGHT

0%

Over 80% of interviewees highlighted
decarbonisation as a top-three business
priority (exhibit 26), and the majority of large
companies across all construction subsectors
have made emission reduction commitments

recent USA Inflation Reduction Act focuses
over $5 billion in investment towards low-
carbon procurement.??

Business leaders are also making netzero
commitments, as illustrated below (exhibit
26). These commitments are particularly

high among European businesses. Asset
owners seem to lag behind compared to

the other participants, with decarbonisation
not a top priority for half of them. As we will
see later in the report, asset owners play a
key role in stimulating the demand for low-
carbon solutions, so they need to include
more carbon emissions requirements in their
construction projects. While the prioritisation
of decarbonisation varies by segment, it
remains a key factor for all direct participants
across the sector. The urgency to decarbonise
is succinctly captured in the following
interviewee quote:
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Regulation is getting more intense, our
customers and financiers are asking us
more questions, and even our employees
are demanding action. The change s
coming, and will only intensity. We can
either use it as an opportunity today, or
be out of business tomorrow

Executive, large building contractor

Exhibit 26. Participants that consider decarbonisation as top three priority

100% 100%
80% 80%
................................................................................ < Average: 82
50%
Material manufacturing  Equipment Engineering Construction Asset owners
and sourcing providers  manufacturers consulting firms companies

Source: 84 research participants; Deloitte analysis
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Exhibit 27. Companies with decarbonisation commitments (top 10 players per subsector)

Steel Cement Equipment manufacturers Construction companies

©
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2050 commitments 22
. 2030 commitments only
D No commitment

Sources: Corporate websites and Deloitte analysis
Notes: 1) Count includes explicit commitments to near-zero or net-zero Scope 1 & 2 emissions; inclusion of Scope 3 commitments is varied 2) Top10s used from World Steel Association, 2021 (steel); Statista, 2021 (cement); International Construction, 2021 and Statista,
2021 (equipment); Deloitte, 2020 (construction). 3) Top10s based on production capacity (steel, cement) and revenue (equipment, construction); European Top10s defined by headquarters (steel) and regional data (cement, equipment manufacturers,construction)
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THE INSPIRING BEGINNING

Construction’s journey ahead can be put
into perspective by looking at the phases
through which a sector adopts change. The
early stages are often characterised by a
sense of unbounded urgency and optimism.
This is known as the “Inspiring Beginning”
where sector participants recognise the need
to change, and the possibilities feel limitless,
and every action is a sign of progress. This

is where the construction sector currently
sits: the participants interviewed in this study
support the urgent need for change, but the
route to net zero remains unclear.

In the subsequent “Planning and Design”
phase, progress can be slow as the scale of
the challenge becomes more apparent and
unforeseen challenges arise. For example,
as technology solutions are tested in pilot
programmes, high costs and technological
limitations may become more evident.

Finally, as those challenges are addressed
and the pathways become more clear,
optimism begins to grow. The “Final Stretch”
becomes less about tackling uncertainty and
more about execution. Momentum builds
and each day brings progress towards that
end goal.

An understanding of the path forward
should be used to shorten the time from
the beginning to making things a reality.
The following section outlines a set of
potential solutions to help the sector
accelerate progress.
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We are seeing new initiatives all over
the place, but it feels like there is too

much to do, and we don't really know
what matters most and where to start.

CEO, building contractor

Exhibit 28. Typical decarbonisation change-adoption phases - ILLUSTRATIVE

« Inspiring N « Planning N

100%

beginning

and design

Progress

The construction
sector is still in the
early stages of
adopting decarbo-
nisation as aware-
ness is emerging
but many initiatives
are still limited to

one-off pilots.

The shipping sector
has an industry-wide
decarbonisation
target, and is starting
to align around

a set of low-emission
fuels, but technologies
are still in the

piloting stage.

©

a

/=)

Final
stretch
Reality
=)
The road freight | | The light-duty ve-

sector is beginning to

sion assets enter the
fleet (both hydrogen
and battery electric
trucks). Infrastructure
is being set up, but

see the first zero-emis-

has a long way to go.

hicles sector is fur-
ther along adopting
decarbonisation;
progress is clearly
visible, infrastructure
is being built at scale
and assets are being
replaced.

Time and effort

Source: Kanter (2006) “Confidence: How Winning Streaks and Losing Streaks Begin and End”; Raffaelli (2018) “Leading and
Managing Change”; Deloitte analysis
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SOLUTION THEMES

The construction executives surveyed for this
report identified a wide range of initiatives
to overcome the barriers to decarbonisation.
A series of industry workshops and review
sessions refined these into a catalogue of 15
solution themes. This section details these
potential solutions and aims to go beyond

a focus purely on the technologies required,
outlining a set of actions to increase their
adoption and scale within the sector.

The industry is not starting from scratch, and
some progress can already be seen around

the solutions. Engaging with the stakeholders

through our research helped establish what
was working and what was not. This nuance
was used to create solutions that build on
initiatives in place today or close gaps
around specific barriers.

Although each solution is important, the
integration of solutions will be critical to
accelerate change across the entire value
chain. The applicability of solutions may
vary also by geography and end market.
For example, some markets may already
have regulation in place, while others may
place more emphasis on conducting pilot
trials of new technology.

The full list of solution themes is summarised
in exhibit 29. In the following chapter, an
integrated roadmap provides a clear view
across these solutions themes, and who
needs to do what, when.
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Exhibit 29. Solution themes and relevance by end market

Readiness
questions

Why should
the sector
change?

Can the
sector
change?

How fast

can the sector

change?

Readiness
factors

Regulation

Technology

Implementation

Source: Interviews; Deloitte analysis

Solution theme

Increase awareness around embodied carbon.
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End-market

Build|Infra| Ind.

Description

Elevate embodied carbon on the agenda for society and industries, and define
a common language.

Activate and aggregate demand.

Demonstrate growing demand and willingness to pay by asset owners and
contractors to create clear signals for investment.

Generate green financing standards and expand
investment.

Use access to capital as an incentive for those looking to move first and raise
minimum standards.

Adopt policies to stimulate demand for low- and zero-
carbon assets.

Make low-carbon construction necessary for any building, infrastructure
or industrial project.

Stimulate development of low-carbon solutions through
policies.

Support solutions to increase production capacity of low-carbon construction
materials and equipment.

Invest in low-carbon cement and concrete pathways.

Determine cement’s winning decarbonisation technologies and begin investing
in commercial pilots.

Scale low-carbon steel production.

Increase production capacity of low-carbon steel.

Develop and adopt alternative materials.

Embrace innovation of new building materials as alternatives to cement
and steel.

Roll-out low-emissions equipment.

Accelerate adoption of electrified equipment first, and hydrogen next.

Develop talent and increase knowledge sharing.

Increase decarbonisation capabilities in the sector.

Adopt more holistic contract models and public-private
partnerships.

Integrate actors across the supply chain and government more effectively, and
adopt contracts which allow for more flexiblity and prioritise decarbonisation.

Make design and execution more efficient.

Implement known solutions to use less materials and energy in design
and onsite.

Update design and material standards.

Allow for new and improved materials and equipment to enter the market.

Secure supply of renewable energy and build distribution
infrastructure.

Increase capacity and access to renewables for the construction sector.

Increase circularity and systems thinking.

View (old) buildings, infrastructure and industrial sites as a ‘bank of materials’.

Revelance

. High

Moderate D Minor
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DEMAND

Solution 1: Increase awareness
around embodied carbon.

One of the primary challenges identified
around embodied carbon is the lack of
awareness from both within the sector and
outside of it. More visible sectors like aviation,
agriculture and transport have seen growing
societal pressure translate to political action,
and increased commitments from companies
in those sectors. Examples of this can be seen
through Germany and France's flight bans
over short domestic routes, and the increasing
number of net-zero commitments from
airlines.2# Starting this change will require a
consistent language and set of definitions to
be defined around embodied carbon, and

a campaign to raise awareness in broader
society, and within the sector.

Within the sector, sharing best practices
across the sector will be essential to ensure
new solutions, tools and ways of working are
adopted and scaled quickly. This will need to
be done across end markets, geographies,
and throughout the value chain. Technology

options exist and should be more widely

used to gather examples of best practice in a
database, allowing companies to search for
potential solutions when needed. Change will
also require a cultural shift, as noted by one
EPC’s executive: “People need to redlise that
decarbonising embodied carbon is like safety
was decades ago; sharing best practice is

in everybody’s best interest and will not put
anyone at a competitive disadvantage.”

Supporting a cultural shift can be done by
creating coalitions of like-minded businesses
and helping early adopters connect and
learn from one another. Regional fora and
cross-value chain coalitions can be a way to
encourage commitment and collaboration,
while smaller, more focused working groups
with similar geographies or project types can
also help accelerate progress locally. Digital
solutions like a common platform that enables
filtering or searching of existing commitments
or like-minded players, would also help
facilitate collaboration.
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To generate more
interest, commitment
and investment,
we need to raise
embodied carbon
up on the globdl
decarbonisation
agenda, and make
sure we have a
common language
to speak about it -
only then will we
start to be able

to work on other
solutions

Steel manufacturer

4. RESEARCH HIGHLIGHT

Most of the existing carbon reduction efforts
have been focused on operational carbon.
Creating better visibility for embodied
carbon and developing solutions to reduce it
will be critical - only then will we start to be
able to work on other solutions.

50



Solution 2: Activate and
aggregate demand.

Activate demand for low-carbon materials,
equipment and construction processes

by establishing contracts with suppliers

for multiple projects, and by aggregating
demand through joint sourcing and buyer
coalitions. When forming such agreements,
antitrust risk can be reduced by limiting the
coalition’s impact on the market and by not
sharing sensitive information with the other
organisations. These clear demand signals
would give producers greater confidence to
invest in research and development, launch
and scale pilot programmes and ultimately
replace infrastructure and plants.

The sector as a whole requires significant
investment in low-carbon materials,
equipment and processes to the industry. For
example, the capital cost for a low-carbon
steel plant (DRI) is around $960 million per
megatonne of steel per annum production
capacity?3, with nearly 2,000 megatonnes
of annual steel production needing to

be replaced?¢. “We need to be able to
demonstrate there is demand for these
higher cost products if we want to be able to
unlock bank financing or board approval for
investment,” said the CEO of a large cement
producer. The Head of Strategy for a large
asset owner said that “If we want to hit our
Scope 3 targets, we need the materials to be
available, and the only way that is going to
happen is if we show suppliers we are willing
to pay for them.”
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Exhibit 30. Typical green premium (in 2030) as percentage of residential building construction costs (%)

Structure incl. foundation 1% Residential building in Europe:
¢ 15 floors
Cement! - 7% e 700 apartments
* 62.000 m? gross floor area
Steel . 59 * $110M total construction costs
tee! %
Roof and facades 8%
Finishing works?2 15%
Installations3 25%
/,
Equipment incl. logistics %/ 3%
Execution* 26%
Total costs 100%
10% Cement premium (CCUS) | 1%
Green premium to be covered by asset owner, regulator, 4% (~$70/m2)
40% Steel premium (H2 DRI-EAF) financier, construction companies, manufacturers, I 2% r;en remium
iu
or a combination v 9 P
’
50% Equipment premium (Electric)® 2 1%
Total costs incl. premium 104%

Notes: Costs for cement (as share of concrete) and steel subtracted from subsequent categories; Premiums for cement, and steel are based on economic analysis, premiums are based on solutions with
regular production process + CCUS in 2030. For equipment based on interview insights 1) Assumes 50% share of cement cost in concrete 2) Finishing works includes non-load bearing walls, flooring,
doors, windows and ceilings. 3) Includes plumbing, electrics, heating, elevators and general home equipment. 4) Includes all on-site construction activity costs plus other costs; 5) Based on interviews
Source: Interviews; Deloitte analysis
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Examples of strong demand signals from end
markets include:

= Green procurement policies, which
specify the minimum requirements that
projects or materials must meet, or higher
consideration for tenders with lower
embodied carbon;

= Centralised purchasing contracts
between end markets and construction
subsectors beyond projects to procure
larger volumes of low-carbon materials;
and

= End market users co-investing in projects
like new green steel or cement plants for
preferential access to materials or prices.

Such demand signals are beginning to
emerge. Outside of the construction sector
for example, Apple recently invested in

a low-carbon aluminium production joint
venture that includes the re-use of discarded

5. RESEARCH HIGHLIGHT

Asset owners have a leading role to play to
generate demand, kickstart collaboration,
and increase investors’ confidence to take
the leap of faith necessary to invest in
emerging technology.

devices.?” Within the construction sector, the
Netherlands and Belgium in 2009 already
introduced the CO2 Performance Ladder for
public sector procurement, starting in the
infrastructure end market on rail projects.
Companies seeking to tender can be certified
on the ladder and, depending on the
maturity of their carbon management, receive
a corresponding discount on their cost of
tenders. The better their performance, the
better the discount.?®

Ultimately, the economic barrier to overcome
is smaller than many in the sector would
expect. As exhibit 30 shows, by 2030 the
green premiums as percentage of total
construction costs are within reach. And

as the use of these materials expands, and
markets grow, economies of scale and
improvements in production processes will
continue to decrease the green premium.

Asset owners in the buildings end market
may already be motivated to pay green

cost premiums in order to capitalise on
growing demand for low-carbon buildings.
Interviewees believed that demand is rising
for both residential and commercial buildings,
like global brand offices and distribution
centres, and first niche customers are actually
willing to pay the premium. On the other
hand, regulatory and financial instruments
can be used to cover part of the premium.

Construction end markets should learn
from other sectors when forming coalitions
that aggregate demand. For example,
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the Sustainable Aviation Buyers Alliance
(SABA) includes the largest corporate
customers of aviation and has already begun
to make meaningful forward purchasing
commitments for sustainable aviation fuels.
Similar coalitions are starting to emerge

in the construction sector and include: the
First Movers Coalition, the Mission Possible
Partnership, Build Ahead, SteelZero and
ConcreteZero although specific, meaningful
commitments must be made (see exhibit 31).

We all know that
this is something
we need to do.

To hit our individual
targets, we need
to be better at
working together.

Managing Director, industry association

Exhibit 31. First Movers Coalition
- World Economic Forum

* End market codlitions are forming at
a global and country level to promote
green resources. For example, more than
50 global companies with a combined
market cap of ~$8.5 trillion across five
continents have joined the First Movers
Codlition. This is a publicly stated
declaration to purchase a part of their
primary resource inputs from low-carbon
emission sources.

* The codlition covers a variety of
materials such as steel or aluminium. For
each of these, it has set specific targets.
For example, for steel, members commit
to buying at least 10% of the volume they
require in 2030 from steel plants with
nearzero emission technologies. This has
been defined as having less than 0.4t
CO2 /t steel.

* Material producers say this helps give
them the certainty they need to invest

in low-carbon technologies by helping
them manage long-term risk.

Source: WEF, newscientist.com, Deloitte analysis.



Solution 3: Generate green financing
standards and expand investment.
Financiers will play a key role in providing

the capital needed for more sustainable
investments. Interviewees said that traditional
financiers are reluctant to invest while
uncertainty prevails around new technologies
and the market for more sustainable
solutions. To address this, financiers could
form investment coalitions to spread the risk,
participate in technology pilots or provide
preferential financing to projects that meet
higher emissions standards.

Like with demand coalitions mentioned

in solution 2, codlitions of financiers will
allow like-minded sources of capital to
more efficiently deploy resources into the
sector and spread risk. Through coalitions
like the Poseidon Principles, which created
a framework for responsible investing in the
shipping sector, financiers can create a new
norm for what it takes to get investment in
new projects.

Interviewees also suggested that financiers
can provide more incentives within their
financing structures to help accelerate their
clients” decarbonisation. For example, they
could set tighter emission intensity standards
in return for a lower cost of capital, or
provide preferential interest rates. The head
of infrastructure investing at one fund noted:
“We need to appreciate that climate change
poses a risk to our portfolios as well. We must
find a way to price in that risk and reduce the
emissions profile of the assets we hold.”

Examples of providing preferential rates
can already be seen around operational
carbon. For instance, green mortgages
offer preferential rates for energy-efficient
homes. In the UK, 60% of the top 10 UK
mortgage lenders now offer a form of green
mortgage.?’ Extending these schemes

to embodied carbon using certification
programmes like Building Research
Establishment Environmental Assessment
Method (BREEAM) or Leadership in Energy
and Environmental Design (LEED) would
create a stronger incentive for investment in
low-carbon materials or construction.

More extreme than preferential rates,
financiers can also begin to restrict access to
capital for projects that do not meet minimum

emission standards. These measures allow
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financiers to reduce the emissions in their
broader portfolios to hit decarbonisation
targets. Examples of this can already be seen
by financiers in other sectors, like coal where
the majority of development banks have
committed to cut investment in new projects®.

Non-traditional sources of capital can

also play a role. Organisations like energy
majors are well positioned to make strategic
investments in the early stage of these
decarbonisation pathways. As noted by one
banking executive, “There is an opportunity
for energy companies to support their own
transitions by helping reduce their emissions
profiles, while also helping expand the
markets for renewables and other new energy
projects they are investing in.”

When everything

is about money,

it is no surprise

that financiers will
have a big role
incentivising players
to decarbonise.

CEO, industry association




REGULATION

Solution 4: Adopt policies to
stimulate demand for low-

and zero-carbon assets.

Policies targeted at the asset owners and
buyers across end markets are essential to
help bridge the price gap between traditional
construction technologies and lower-carbon
solutions. Interviewees agreed that positive
regulatory measures like grants and subsidies
(the ‘carrot’) and coercive measures (the
‘stick’) will both be necessary simultaneously
to accelerate decarbonisation. While a range
of demand policy levers were discussed (as
illustrated in exhibit 33), those most
frequently mentioned by interviewees include

6. RESEARCH HIGHLIGHT

Synchronised regulations and standards for
embodied carbon will create the conditions
required for action, including consistency on
how embodied carbon can be measured.

mandatory project lifecycle assessments
(LCAs) and embodied carbon limits.

In the biggest
transition of our life,
the government can
take the lead to
help the market feel
that it is not doing
this alone.

Sector banker, financier

LCAs are used to calculate the total
embodied carbon of an asset throughout

its lifecycle. Mandatory LCAs for projects
would allow carbon to be included in design
and procurement decision making criteria.
For example, companies bidding to build
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Dutch highways are required to perform
LCAs using certified LCA-methodologies
and software to be accepted as a possible
option. In London, all building development
proposals are required to perform LCAs
before receiving building permits.3’

LCAs can be used as a benchmark for
establishing an embodied carbon limit, which
could be mandated in structural engineering
codes. One of the most mature embodied
carbon regulations exists in Denmark,
where embodied carbon in new buildings

is limited to a maximum amount per square
metre of floor area.

Such policies should set different limits

by project type and be flexible in their
enforcement to win support from industry
participants. For example, requirements
should be adapted for projects such as

a national defence facility or a building
with historical significance. As an HSE
director at a building contractor said: “It

is important that we strongly incentivise

the projects that can go further and avoid
penalising projects that have to be over the
baseline due to constraints out of the project
owner’s control.”

While policies set by national or international
bodies would have a broader reach, smaller
jurisdictions could play a critical role. For
instance, a city municipality may be able to
move more quickly and adopt regulations
tailored to the local market conditions. Cities
taking the initiative include London with its LCA

implementation requirement and Amsterdam
increasing the percentage of recycled asphalt
content required for new roads. The important
role of local jurisdictions was raised by the head
of Technology for a large EPC: “Construction

is a more localised industry than a lot of other
hard-to-abate sectors like shipping and aviation.
While we are a global company, we need to
take a local approach to projects and local

or national policy can have a huge impact.”
Actions by smaller jurisdictional bodies can also
allow larger jurisdictions to better understand
the implications of particular measures and
more quickly adopt similar changes.

Exhibit 32. Life cycle assessment (LCA)

A life cycle assessment or life cycle analysis
is the evaluation of the environmental
impact of an asset across the lifecycle, from
raw material mining and processing, to use
and eventual recycling or disposal. This
includes the impact of handling equipment,
transportation and repairs required during
the lifetime of the asset. For a typical asset,
this assessment is performed for each of the
thousands of components in the asset, and
the results are compiled to show the total

LCA of the asset. An LCA typically measures
a variety of environmental impacts.
However, for this report LCA is used only in
the context of carbon emissions.



All interviewees highlighted the importance
of transparency when it comes to policies, as
knowing what to expect, and when, would
increase confidence around major investment
decisions, particularly those with longer

time horizons.

Solution 5: Stimulate development
of low-carbon solutions
through policies.

Mandates and incentives will also be
needed to accelerate investment in the
production and supply of low-carbon
materials, equipment and fuels. Interviewees
most frequently mentioned cap-and-trade
schemes, import tariffs, Carbon Contracts
for Difference, green subsidies and grants
for research and development. Interviewees
also noted the importance of aligning these
measures with the demand-side measures
seen previously. A more detailed summary
of instruments to encourage construction
subsectors can be seen in exhibit 33.

Cap-and-trade schemes are already
in place in 46 countries.32 These schemes
place emissions caps on industrial assets
and the caps typically diminish over time.
There are financial penalties for those who
go above the limits and opportunities to
realise a financial gain for those who have
lower emissions and trade their excess cap
space.® Numerous examples exist, such
as the EU’s Emissions Trading System and
Tokyo's Cap-and-Trade Program. However,
more ambition globally is required. For

example, the emission caps are often not
shrinking fast enough to make producers
want to invest adequately in lowering their
own future emissions. Lower emissions limits
could accelerate decarbonisation. When
paired with a carbon-based import tariff
(see below), this can incentivise producers to
decarbonise while still shielding them from
foreign competition.

Carbon-based import tariffs

There is concern with any form of carbon
taxation mechanism (like cap-and-trade)
that producers move production outside of
the taxable jurisdiction. This leakage often
results in higher net emissions as production
processes stay the same and transport
emissions are increased. Import tariffs - such
as the Carbon Border Adustment Mechanism
proposed by the EU - combined with a local
carbon taxation scheme, will prevent emitters
from importing carbon-intensive materials to
evade carbon taxes.

Carbon Contracts for Difference
(CCID) are signed between governments
and a private agent, in addition to existing
market-based carbon pricing mechanics
such as cap-and-trade schemes. The CCfD
acts as guarantee for a pre-agreed carbon
price, which the private agent uses in its
investment decisions for emissions reduction.
There are two common options: 1) two-way
CCfD, where both the government and
private agent pay the difference when the
actual carbon price is below or above the
pre-agreed carbon price; or 2) one-way
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CCfD (commercialisation contract), where
only the government pays the difference
when the carbon price is below the pre-
agreed price. Both routes allow governments
to support initial investment decisions and
decrease support over time as carbon prices
gradually increase.

R&D grants can stimulate fundamental
research in new technologies by supporting
the initial costs incurred by first movers,
while also helping them develop expertise
and establish themselves in the market.

As a sustainability director at a cement
manufacturer said: “Getting support for the
initial investments which are not commercially
viable today gives us a huge advantage.

It helps us learn about the technologies,
lower costs and get to market earlier. It is
critical to get the sector moving.” Some
examples of funds are already being seen

in this space. For example, the American
Advanced Research Projects Agency-Energy
and EU-administered Horizon Europe are
innovation funds that focus on financing
projects that might be considered too risky
for private investors.34

Subsidies will also be essential to help
increase adoption of more sustainable
technologies which may be more expensive
than today’s options, and scale up the
required infrastructure. For example,

the recent Inflation Reduction Act in the
USA provides subsidies to support the
scaling up of carbon capture and green
hydrogen infrastructure.

Environmental Product Declarations
(EPDs), the outcome of an LCA. This requires
producers to track the environmental impact
of their products, similar to a material
passport. Just as food labels state what is

in each product, EPDs set common metrics
to compare emissions data against other
producers and products. In the construction
context, EPDs could be required for anything
from air conditioning units to toilet seats.

The upcoming EU Construction Products
Regulation (CPR) lays down harmonised rules
for the marketing of construction products in

the EU.3

Governments

are not the only
solution, but their
visibility and high
degree of influence
means that they
are one of the most
important ones.

Head of Sustainability Strategy,
cement manufacturer
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Exhibit 33. Potential policy instruments (non-exhaustive)

What get
Stakeholder I L get regulated
regulated

Tax credits (e.g. tax dis- Incentives for reuse and Mandatory lifecycle Embodied carbon lim- | Fit for purpose material
Asset count for lower embodied | renovation (i.e. to reduce carbon assessment its (e.g. building code, incl | standards (e.g. no over

Developers . ) ) .
design carbon assets) material demand) carbon cap per m?) engineered standards)

® ®

) Minimal embodied carbon | Reduced interest rates for
Portfolio

. criteria before providing lower embodied carbon
composi-
tion a loan @ assets @
Carbon-based machine Incentives for accelerated | Mandatory use of low

Equipment | taxation fleet renewal emission fleet pools

footprint
Construction @ @ °
companies Include transport emissions | Tailpipe operational target

Logistics in emission trading scheme | (potentially including

footprint (ETS) offsetting) °

Materials  Carbon Contract for Subsidies for low- R&D incentives Cap and trade scheme Carbon based import = Mandatory material

. and Difference (CCfD) for carbon production (e.g., innovation funds (e.g., emission trading tariff carbon footprint
Material ) ) X
roducers construc- low-carbon vs tradi- technologies materials) scheme) reporting
u

P tion prod- | tional material

i (+) (+) (+) Of-) @ @

Subsidies for low- Increase fuel taxation

Fuel mix- carbon energy (e.g. VAT)
Energy ture sold Bold = specified in report,
companies/ @ Q based on interview sentiment
infrastruc- [] End markets
ture Infrastruc- = Subsidies for renewa-  Subsidies for CO2 Carbon Contract for Construction subsectors
developers [l ble energy infrastruc-  infrastructure Difference (CCfD) to @ ‘Carrot’ - incentive or reward

develop- ture development development reduce investment @ ‘Stick’ - punishment or penalty

ment (+) ) risk

Source: Interviews; Deloitte analysis



TECHNOLOGY

Solution 6: Invest in low-carbon
cement and concrete pathways.
Decarbonisation options for concrete and
cement exist but they require increased
investment from cement mc:nufocturers,
financiers, research institutions and

governments to test viability and scale pilots.
These options include alternative fuels,

low-clinker content, substitutions, and CCUS.
The future potential and current adoption for

each of the options can be seen in exhibit 35.

First, manufacturers can adopt
alternative fuels to power the
cement-making process. Cement

7. RESEARCH HIGHLIGHT

Low-carbon cement and concrete are within
the sector’s direct influence; it should focus
on incremental investment in alternative raw
materials as carbon capture matures.

production relies mainly on coal to provide
heat. Even a shift to natural gas as fuel
would reduce emissions by about 20%, as
natural gas produces about half the CO2
per unit of energy while burning versus coal,
but process carbon emissions will remain.3¢
Further reductions in process emissions are
offered by additional pathways: biomass or
waste; green hydrogen; and electrification.?”
Of these, the first two approaches are

well developed, while additional R&D

is needed to smooth the technological
challenges of electrification, given the high
temperatures required.

Second, manufacturers can reduce
clinker in cement by substituting
alternative materials, such as slag or fly
ash. There is innovation happening but the
industry needs additional investment to
research, certify and scale across multiple
geographies. Additional studies and
technical assurance should help to prove that
cement with lower percentages of clinker is
reliable. Exhibit 34 provides an example of
how using recycled minerals helped lower
embodied carbon for the London Olympics.
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Cement manufacturers will need to consider
the finite supply of some materials to develop
solutions that will be feasible in the long term.
Fly ash and slag are currently used in 15%

of cement production, but this will drop to
less than 10% in the future due to decreasing
supply as mentioned in Chapter 2: Barriers.38
Some cement manufacturers interviewed
believe that limestone calcinated clay is

the most promising clinker substitute due

to it being more available. Although it still
requires heating, the production of limestone
calcinated clay has a much lower carbon
footprint than clinker production. One
example of calcinated clay in use is Limestone
calcined clay cement (LC3), which reduces
clinker content by 45%, through using a
mixture of 30% calcinated clay and 15%
ground limestone.3°

New solutions are emerging which have
the potential to eliminate process
emissions associated with cement
production. These solutions use alternative
raw materials to limestone, like basalt, to
generate clinker using new chemical
processes without the associated process

Exhibit 34. Sustainable concrete
at the London Olympic Park

* The Olympic Park in London
collaborated with concrete suppliers
and other supply chain partners to
decrease embodied carbon in their
new structures. They achieved this

by adopting recycled concrete and
replacing part of the clinker with slag.
This allowed them to save ~24% of
embodied carbon.

* Beyond using a lower carbon
concrete, they reduced embodied
carbon emissions by an additional 15%
by simply using less concrete as a result
of using more efficient designs.

* Centralised procurement with strong
guidance on sustainability requirements,
early supply chain integration and clear
understanding of concrete specification
requirements at an early stage were key
in improving the carbon performance of
the concrete in the park.

Source: Olympic Delivery Authority, European Commission,
Deloitte analysis.
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Exhibit 35. Cement and concrete decarbonisation options

Description

Challenges

Emission
reduction
potential 2050
(%)

Production

* Multiple levers:

- Improve kilns'
thermal energy
efficiency

- Adopt low-carbon
energy carriers for
high temperature
heating

Clinker

Carbon capture

* Capture process
and combustion
carbon in clinker
production and uti-
lise (inject, reuse or
supply to adjacent
industries) or store

Alternative
chemical
process

* Process whereby
clinker is generat-
ed using alter-
native chemical
processes than
limestone calcina-
tion, eliminating
process emissions

¢ Industrial

by-product of coal-

fired power plants
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Cement

Clinker substitution!

Blast furnance
slag

¢ Industrial
by-product of steel
blast furnace

Calcinated clay

* Calcined clay
stems from kaolin,
sourced from clay

deposits or industri-

al by-product

* Multiple
supplementary
cementitious
materials e.g.
natural pozzolans

and bio-binders

Concrete

Production

* Shift from on-site
pouring to
industrialised off-
site production

Asset structure

Design and

construction

¢ Reduce concrete
in structures

e Substitute
concrete with al-
ternative materials
(e.g. CLT)

¢ Reuse concrete /
lifetime extensions

* Infrastructure * CAPEX for CCUS | Immature * Limited and * Limited and *In pilot phase *In pilot phase * CAPEX for * Limited market
for selected infrastructure technology declining supply declining supply * Limited market * Limited market industrialising acceptance
low-carbon energy | ¢ Availability * Raw material * Performance ¢ Performance acceptance but acceptance production * Existing stand-
carriers of storage sites supply chains constraint: slower | constraint: harder | theoretically *Notincludedin | ¢Llogistics from off | ards
* Limited supply (geological or *CAPEX needed | setting time to grind sufficient supply is | standards to on-site * Supply con-
of selected energy | industrial) (although smaller promising *Notincluded in | straints
carriers (e.g. * Energy efficiency | than CCUS) standards recycled/alterna-
biomass) tive materials

30 - 40% ~90% ~90% ~40% 20-30% 20-30%

Note: 1. Part of clinker substitution can take place at concrete production stage
Source: Global Cement and Concrete Association; GNR; IEA; Research participants; Deloitte analysis
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Exhibit 36. Cement decarbonisation projects and production capacity by country

Europe: 64 projects (46%) India: 11 projects (8%)
IN Prod. capacity 344Mta (8%)

EUR Prod. capacity 402Mta (9%)
28
64 projects
10 n 23 projects

6 8 6

n n . H 13 projects 3 1 1

— P — L

(o)) (o)) (@] (] ()] ()] ()} [o)] (0] ()]
£ £ £ £ £ £ £ £ £ £
5 < ° Q ° . = c 5 o =
g 5 = 2 g 11 projects g E = 2 g

ch’ o DG‘) Q

North America: 23 projects (11%) China, Japan: 13 projects (11%)
CN Prod. capacity 2478Mta (57%)

US Prod. capacity 94Mta (2%)
12
4 5 4
2 2 3 2 2 —
. — —
— [ | [ ! [ | [ |

2 @ o > 2 Fnel
£ = = < = ue
S g 2 I o GELs substitution
O 4 o [0} [0}
2 = 5 &
& o 2'=126 52 28 46

Note: (1) The sums do not match due to initiatives addressing multiple technologies; Researching is the feasibility study stage; Planning is the concept selection and pre-investment stage; Piloting is the initial small-scale implementation stage; Developing is the project

implementation stage; and Operating is the post commissioning stage; research cut off July 2022

Source: Deloitte Energy Transition cube



emissions. While these technologies are still
emerging, they present an opportunity to
generate zero-carbon cement, and are viable
in regions where CCUS is not available.
Concrete producers should look to invest in
pilots to mature the technology, bring the
costs down and help build the supply chains
around alternative raw materials.

Finally, alternatives to cement exist
which can be used in concrete. Admixtures
with specific chemicals (e.g. hydroxylated
carboxylic acids) can partially replace
cement in concrete mixtures“?. While these
cement alternatives can help reduce the
emissions profile of concrete, research
participants expressed concerns around
comparable strength and workability.

Next to the emissions reduction potential
of the solutions mentioned above, carbon
capture, utilisation and storage
(CCUS) might be needed to capture
remaining emissions. CCUS technology

is advancing but is not available at scale,
and interviewees noted cement producers
are behind other sectors when it comes

to exploring applications. Some CCUS
pilots have been started in recent years,
using technologies of varying maturity
levels, such as absorption, membranes,
and separation of heating and process
emissions through Low Emissions Intensity
Lime And Cement (LEILAC).#"42 The industry
must now shift from studying a breadth of
solutions to choosing the most suitable,
and developing deep expertise. This will

allow investment and focus to be centred

on the best solutions, thereby accelerating
expansion more quickly. Developing the
infrastructure to support CCUS will take

time but necessary investments can start
immediately. See solution 14 for more details
on CCUS infrastructure.

Solution 7: Scale low-carbon

steel production.

The carbon intensity of steel production
can be dramatically reduced through

the adoption at scale of new but proven
technologies. Technologies will vary
according to geographies and will differ
according to the existing age of assets

and incentives provided. Although there

is already some demand for green steel

in the construction industry, the supply
remains insufficient. As a CFO at a real
estate developer stated: “We want to be a
front-runner in abating embodied carbon,
and we will be there fast if the supply chain
provides us with the right steel with reduced
embodied carbon.”

The roll-out of low-carbon steel may be
sped up if financiers, governments and
asset owners invest jointly in low-carbon
steel process technology and supporting
infrastructure. See exhibit 37 for ongoing
initiatives in various low-carbon steel
pathways. As solutions are implemented,
programmes will shift from research to
testing and developing. Once this happens,
production will accelerate rapidly.
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Once steel plant owners have decided to
redesign their production process, installing

new assets still takes several years. For

instance, direct reduced iron (DRI) facilities B, LI Ll el

can take at least six years to design and

build. Key investment areas include the Dl or(euxeslizon SEE) e e

automotive sector will also improve

its availability for construction, while
demand from many other sectors will lower
production costs for low-carbon fuels and
carbon capture.

design and construction of production assets,
development of high-quality pellets needed
for DRI, and infrastructure (explained further
in solution 13).

Because the construction sector is price-

sensitive, it is unlikely to drive demand for

low-carbon steel on its own. It will therefore

for low-carbon steel will likely increase as
production capacity increases and the low-

benefit from growth in demand for low-
carbon steel from other sectors, such as the
automotive sector which is willing to pay a
premiums. Some of the largest automotive

carbon price premium decreases.

For more information, read the report
" .. .
Decarbonising Steel: Forging new

paths together”.

manufacturers are even working with steel
producers to accelerate programmes“. In

contrast to subsectors where competition

for supply will be a disadvantage (e.g.,
renewable energy), the construction sector
will benefit from this demand for low-carbon
steel. Because plants require total conversion
to produce steel, once new technologies have
been adopted, it will become available at
scale to all sectors.

When end market demand is encouraged
and subsector supply is incentivised,
production will increase as companies invest
in new technologies. With this increase

in production, and the increasing carbon
prices in cap-and-trade schemes, low-carbon
steel will eventually reach cost parity with
conventional steel. Construction’s demand
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Exhibit 37. Steel decarbonisation projects by region and stage

China, Japan, South Korea:

North America: j
orth America: 5 projects 19 projects
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Note: (1) Researching is the feasibility study stage; Planning is the concept selection and pre-investment stage; Piloting is the initial small-scale implementation stage; Developing is the project implementation stage;

and Operating is the post commissioning stage; Research cut off is July 2022.
Source: Deloitte Energy Transition cube
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Solution 8: Develop and adopt
alternative materials.

Developing alternative materials, scaling
existing ones, and circularity through waste
management and re-use will allow for the
displacement of steel and cement from

the sector, reducing emissions. Within the
construction sector, alternative materials are
emerging that present viable alternatives

to today’s materials, such as wood and
bio-based polymers. Circular materials are
also gaining traction, with the re-use of some
materials and components increasing rapidly
in certain end markets like road construction.

For example, low-carbon asphalt
represents both an alternative and a circular
material with up to 90% reuse of the material,
directly in new roads.*4 In addition, there are
advantages of enhancing a well-established
material. As an academic observed: “Rather
than introducing another alternative, the
conversation should be about how to get
there faster for asphalt. We need to build
trust, capacity and carbon solutions of these
existing materials.” Asset owners will be an
important influencer to create demand for
low-carbon and recycled asphalt in order

to build net-zero roads. In order to do that,
they need to consider decarbonisation as
one of their strategic priorities. As seen
previously, and unlike the majority of the
other players in the construction value chain,
many of the asset owners in construction still
don't consider it as one of their top three
priorities. A CEO of an infrastructure owner
said, “We need roads. Without them, you

can't have an economy - but we also have to
decarbonise rapidly. If we don’t decarbonise,
we won't get investment in the road network.”

In addition to
innovation in
traditional materials,
we also expect to
see new materials
enter the market that
we haven't even
conceptualised

today.

Sustainability Director, industrial EPC contractor

Reducing the emissions of asphalt can be
done in the production and subsequent

use phases. In the production phase, the
key technologies are low-carbon energy to
heat the asphalt mixture, use of alternative
asphalt mixtures with specific additives that
require less heat, or bio-based binders. In the
use phase, key options are asset-lifetime
extension, or increased asphalt recycling
(see exhibit 38 for an example of Shell and
Aggregate Industries’ biogenic asphalt).
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Exhibit 38. The effective carbon sink created by Shell Bitumen CarbonSink

reduces carbon footprint by

=
-

per tonne of bitumen'

L)
& Carbon reduction on its own might reduce our -
footprint but won't counteract ongoing emissions.

UK's first biogenic asphalt

* Shell and Aggregate Industries lounched
the UK's first commercially available
biogenic asphalt. This asphalt contains a
special binder with biological materials. As
bioclogical materials trap carbon from the
atmosphere while growing, this effectively
turns a road into a technical carbon sink
without affecting performance.

o
.

per tonne of asphalt?

locked per km of road?

Y- Carbon removal and storage is key

- ~

* Biogenic components remain locked
in the road surface even when it is
recycled at the end of its life, preventing
the release of biogenic carbon back into
the atmosphere. The high recycle rate

of asphalt not only supports a circular
economy, but also ensures the carbon
remains locked in the road.

Notes: 1) Based on the biogenic carbon component used. 2) Based on 5% binder content within the asphalt mixture.
3) Based on a model single surface layer with 50mm depth, 3.5m wide, 5% binder content.

Source: Shell, Aggregate Industries, Deloitte analysis.

Another example is cross-laminated
timber (CLT), a promising alternative to
traditional structural building materials. In
some cases, CLT is already cost-competitive
with steel or concrete. CLT is being used in
low-rise residential buildings and its potential
for large-scale projects is demonstrated

by its use in some skyscrapers, such as the

Mijestarnet tower in Norway# or the Cé
building in Perth, Australia®’. The use of CLT
could be accelerated if the construction sector
secures supply from forestry and educates
architects, engineers, and contractors how

to use it effectively. Though CLT can provide

a valuable low-carbon alternative to steel,
global timber supplies are limited.

to achieving and maintaining net zero.
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Solution 9: Roll-out low-
emissions equipment.

Low-emissions equipment must be rolled
out faster and this depends on grid
accessibility, supply of renewable power
and the development of hydrogen fuel
cells, especially for use in remote locations
or heavy-equipment applications where
batteries may never be viable.

Several interviewees anticipate that

their fleets will be fully electric by 2030.
The production and supply of electrified
equipment is likely to increase in pace with
the supply of electricity from renewable
sources required to charge it.

As one Head of Construction at an EPC
contractor said: “We convinced our client
to buy their solar panels on the first day of

the project. We then used them to power

our cabins for more than a year before we
installed them at their building to use for
decades.” This example demonstrates how
early installation of energy infrastructure
can power construction activities and, after
completion, the asset itself.

A key consideration is how to organise
access to existing infrastructure, and this
requires diligent forward planning to minimise
unnecessary start-up delays. New ways

of working, like digital planning tools, are
needed to manage when and how machinery
connects directly to the grid, charges electric
batteries or refuels with hydrogen. In this
regard, manufacturers that offer more
advanced machines and smarter working
methods (e.g. fastest and most convenient
charging) will have a distinct advantage over
those who have not invested in such research
and development.

DECARBONISING CONSTRUCTION: BUILDING A LOW-CARBON FUTURE

As infrastructure is developed, manufacturers
can continue to build these advanced
machines and methods in order to create
and maintain a competitive advantage.
Most equipment weighing less than 30
tonnes can be electrified, but heavier
equipment on remote sites might require
much larger power sources than onsite solar
panels or grid connections can provide. In
such cases, hydrogen-powered equipment
may be a better fit. Exhibit 40 outlines the
decarbonisation pathways for a selection
of common construction equipment. A
sustainability director of an equipment
manufacturer said: “It is reasonable to have
hydrogen fuel cell machines commercially
viable in the second half of this decade.
And, with more battery electric machines,
we expect that we will see more and more
machines being rolled out from now on.”
Another way contractors can speed up
their transition is by sharing the required
investments - for instance, by using shared
equipment pools (see exhibit 39).

In the short term, biofuels can be a solution,
as they can be used as drop-in alternative
fuel for most equipment in use today.
However, interviewees highlighted that in the
intense competition for low-carbon molecules
across sectors, it is unlikely that biofuels

will be a long term viable solution for the
construction sector.

Exhibit 39. Zero-emission
construction site

¢ As part of Oslo's climate strategy,
all construdion sites on behalf of the
municipality must be fully electric by
2025.

* To get initial pilots off the ground, the
city incentivised electric construction
sites by covering all electricity costs
and it has presented a roadmap that
highlights the need for electric vehicles
in the future. Additionally, the city has
guaranteed an equipment leasing
company that their machines would be
used in the pilot project.

* Results are promising. By using
electrified construction equipment,

one project saved 92,500 kg of CO2
while reducing ambient noise and local
air pollution, compared to the use of
regular machines.

Source: Eurocities, European Commission, Deloitte analysis.

63



DECARBONISING CONSTRUCTION: BUILDING A LOW-CARBON FUTURE .

Exhibit 40. Decarbonisation pathway selected equipment

O Not adopted
O Partially adopted
. Fully adopted

Max. load (tonne)

Current energy carrier Diesel Diesel Diesel Diesel Diesel Electricity Electricity Electricity

Emissions 23 10 ; s s l 1 .
(tonne CO2/year) _
| D | sess—
Hydrogen Heavy equipment: Hydrogen or off-board electric
Pathway' yerog Light equipment: Battery electric Battery electric

Short term: biofuels Short term for all types: biofuels

e @ 3 ® D D D D

~80% of equipment sales volume

Decarboni-

Yelife]y]

Note: (1) Pathways depend on asset type and asset use, including factors like location, fuel availability, proximity to infrastructure, environmental conditions etc.
Source: Climate Neutral Group, CECE, Interviews, Deloitte analysis




ROLES

Solution 10: Develop talent and
increase knowledge sharing.

New skills, such as low-carbon material
development and data analysis, will be
needed to help develop the required
technologies to support decarbonisation and
deploy them when they are ready.

Attracting new and diverse

talent is key to innovation in the sector.
Transformational technologies and ways of
working must be developed, which can often
be helped by bringing in a new perspective
from younger people. As noted by the

CEO of a large EPC: “It's tough to expect
someone who has done the same thing for

Q9. RESEARCH HIGHLIGHT

Improving workforce capabilities around
sustainable and digital solutions will drive
efficiencies across the project lifecycle.

25 years to think outside the box; they have
never known anything different. We need
to bring in leading thinkers from outside of
the sector to challenge the way things have
always been done.” Many interviewees
mentioned that although the sector often
struggles to attract younger workers, the
challenges of decarbonisation could offer
them exciting opportunities to build careers
in an area where large changes are likely
to occur. Another option for the sector is to
attract skilled workers with decarbonisation
knowledge from other sectors or to engage
more actively with start-ups.

Upskilling the existing workforce’s
skills will also be needed to change the
sector mindset and establish the ways of
working required to decarbonise. Existing
workers will need to learn how to operate
new equipment, such as 3D printers, and
use new fuels or digital solutions (e.g.
building information modelling [BIM],
analytics and data reporting). This can be
done at scale through investment in training
institutions, new on-thejob programmes
and collaboration within the value chain.
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As noted by the Head of Sustainability

for one contractor: “We are taking our
4,000 - 5,000 suppliers on an awareness
journey for the next two years. Nearly 100%
said they don't have a sustainability policy,
so we are going to hire an ESG supply
trainer to teach them.” Governments and
companies can provide incentives by asking
employees to meet qualification standards
or by sponsoring programmes. Together with
industry associations, they can play a role by
helping develop new programmes and rolling
them out across their membership base.

Elevating sustainability professionals
within an organisation will help them
shape business decisions more effectively.
Sustainability experts are increasingly sitting
on executive boards and reporting to chief
executives. Between 2011 and 2020, the
number of chief sustainability officers (CSOs)
across Fortune 500 companies increased by
228%.48 Interviewees expect this trend to
extend to the construction sector, which will
help ensure a serious focus on decarbonisation.
A CSO at a leading building contractor said
that: “When the role was created and | was
promoted into it, | noticed that | was viewed
with greater credibility than before and that it
has been easier to propose and implement new
initiatives.” As a first step, organisations can
divide the Health, Safety and Environmental
Officer position into two roles: one for health
and safety, and another for environmental
sustainability. This will ensure sustainability
leads can have necessary time and resources
to make an impact on decarbonisation.

We are embedding

green skills across
every level of
seniority and in
every business unit,
Everyone will need
to have some form
of new awareness
or skills in order

to support [our
company's] net-
zero goals.

HSE Director, building owner and operator
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Solution 11: Adopt more holistic
contract models and public-

private partnerships.

The sector should improve collaboration
across project lifecycles by expanding the
contract models to include all project stages
and value chain participants (see exhibit
41). When combined with tools like LCA, this
would allow for more holistic decisions to
be made around reducing carbon emissions
of construction.

Early contractor involvement (ECI) includes
contractors in the early project stages
alongside the clients, consultants and
suppliers. ECI brings deeper technical
understanding of new solutions into the
decision making process, and results in
improved construction efficiency. It also helps
ensure the teams on the ground are bought
into the broader objectives of the project.

A project director at an industrial EPC
contractor emphasised: “We will always be
restricted by time in ways our clients are not.
We finish a project in three years, but they
own it for 60. So, we always consider how to
partner with our clients to offer elements they
might not have asked for, but that will benefit
them in the long run.”

Other examples of new contracting models
include “design and build” (D&B) and
“design, build, finance, maintain, operate”
(DBFMQO). D&B and DBFMO contracts
give contractors greater influence than with
ECI models in the design and construction
stages, or even expand responsibilities to

financing and operations of the asset. This

aligns priorities across the value chain, as the

contractor can also be the designer and, in

some cases, the financier and operator. These

aligned priorities will encourage considering
lifetime emission trade-offs and the adoption
of green premiums. These contract models
also offer contractors more opportunity to
influence the budget, design and choice of
suppliers for projects and set timelines that
include the use of low-carbon materials.

When clients ask
us for input early
on, we can give
advice based on
orevious work and
help them bring
both their carbon
and costs down.

Executive at a building contractor
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Exhibit 41. Early contractor involvement model - ILLUSTRATIVE
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involvement of all relevant stakeholders
to achieve the shared goal of optimal
construction with low embodied carbon

Note: 1) An EPC contractor typically does have inhouse engineering
Source: Interviews, Deloitte analysis
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IMPLEMENTATION

Solution 12: Make design and
execution more efficient.

Construction sector participants should
implement designs, processes and
technologies that enable them to manage
materials throughout the design and execution
of projects more efficiently (see exhibit 43).
Designing projects in modules and using

digital tools, such as LCA calculators, can

help reduce over-specification and waste
by allowing for an easier comparison of
the amount of embodied carbon in various
materials and designs.

Designing projects in modules can reduce
waste by more than 80%, thanks to
repeatable, standardised, indoors and
industrialised production processes.4?
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Although this is common in industrial
construction projects, it is not for buildings.
Modular designs can be adopted en
masse with the right incentives from
governments and asset owners to invest in
production facilities, as done in Singapore
for instance (see exhibit 42). Economies of
scale can reduce both financial cost and
carbon emissions.

Exhibit 42. The world's tallest
modular building

¢ In 2019, construction was finalised
on the tallest modular buildings in the
world, two 56-story apartment buildings
in Singapore.

* Modular construction is a relatively
new approach in the construction
sector. By standardising modules and
building mostly off-site, the required time
and manpower can be reduced while
potentially improving work site safety
and reducing both absolute and local
impact of construction. In the Singapore
example the team estimated that local
environmental impact was reduced

by 70%.

* Singapore's strategy is to increase
adoption of Design for Manufaduring
and Assembly (DIMA] to 70% by 2025.
Modular building of components and
modules is a key component of DIMA,
and will therefore likely become much
more commonplace.

Source: BCA Singapore, Deloitte analysis.
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Exhibit 43. Efficiency improvement options

Q Limited adoption
today

. Strong adoption
today

Description

Emission

reduction
potential
2050 (%)

Current
adoption

Asset design efficiencies

Lightweight

design

High-strength
materials

Industrialised,
modular and
off-site
components
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Construction activity efficiencies

Planning

Procurement

Execution

Material
manufacturing
efficiencies

Operational
optimisation

Reuse and renovate | Design lightweight Specify high-strength | Increase use of Use advance plan- Procure specified Deploy innovative Optimise manufac-
existing assets’ foun- | assets (e.g. through materials (at lower modular design, ning tools (e.g. BIM, | material amounts execution tools turing processes (e.g.
dations, structures better ‘generative’ volume) rather than manufactured simulation) to opti- (e.g. through mass (e.g. 3D printing) with | cement, steel) for
and/or components | structural designs) high quantity off-site with higher mise procurement, customisation) to higher precision and | higher material
(e.g. facades) to elimi- | to reduce amount efficiency through logistics and working | avoid wastage of less wastage and energy efficiency
nate need for new of materials required industrialisation methods over ordering and
materials cutting losses

30-50% 20-30% 30-50%2 20-30% 10-20%

&

Note: 1) Potential based on interviews with research participant; options overlap; 2) Based on a single study on 879 homes in the UK
Source: Interviews; American Institute of Architects; E&T (2022); Mohammed et al. (2020); Deloitte analysis
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Decarbonisation,
and also the
advancements in
technology, can
act as catalysts for
change and help
embed efficiencies
In construction
activities across the
value chain.

Sustainability Director, building contractor

Digital tools, such as LCA calculators,
Building Information Models (BIM), and
Internet of Things (loT) platforms can allow
for greater precision during planning and
execution. Advanced engineering tools can
also allow for more complex structural needs.
For example, ‘generative design’ allows
engineers to input a project’s requirements
into software. Artificial intelligence then
presents solutions based on the parameters.5©

Using the same tools and information in the
design and execution phases can ensure that
planned carbon reductions actually occur in
practice, something that is not always evident
in the sector’s siloed way of working today.
An industry association’s CEO said: “Using
4D BIM will reduce timelines, but also the
need for people sitting about doing nothing
with their engines running.” These tools

could also be used to assist procurement

or sub-contractor selection (see exhibit 44
for an overview of how digital tools may be
integrated in the future).

During construction, processes can be
optimised through improved logistics or
reduced materials waste. This could include
initiatives like smart logistics through city
hubs, where deliveries to urban construction
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sites are merged in an efficient and timely
manner, or real-time materials tracking to
make sure all materials are delivered just

in time and at the right quantity. Another
example is onsite 3D printing, which improves
adherence to schedules and the efficient use
of materials by automating manual work.

It also increases precision and allows more
optimised computer-generated designs to be
built. 3D printing can also offer cost savings,
but a reliable figure has yet to emerge.

For instance, the Dubai Future Foundation
projects that Dubai’s goal to construct 25%
of buildings using 3D printing by 2030 will
reduce building costs by 90%.5' However,
Apis Cor, a construction 3D printer start-up,
projects more modest savings of 25 - 40%.52

More complete and accurate data allows
project teams to make better informed
decisions. As a sustainability director at a
building contractor said: “3D design is only
as good as the information that is added to
it.” This should not inhibit the construction
sector to start working with the tools and
data available today. As a topic expert at an
industry association said: “Perfect shouldn't
be the enemy of good. We need to be
developing and improving systems, but we
need to keep acting with what we have.”

Beyond companies’ own data initiatives,
industry associations or government bodies
can collect data and host databases for all
organisations to access. Over time, tools will
be improved and organisations should be
able to access the same datasets.
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Exhibit 44. Digital tools used in a construction project across its life cycle

Deconstruction
and reuse
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Solution 13: Update design and
material standards.

Updated design and material standards
will accelerate the adoption of low-carbon
materials and new ways of working. They
help create a common understanding
across the sector of the emissions and
technical attributes associated with
materials and activities, and are needed
before new technologies can be deployed.
Decarbonising construction will require
existing standards to be updated, new
standards to be created, and a more agile
process to ensure standards keep up with the
pace of technological change in the market.
As an example, a new type of cement with
a low-carbon substitute for clinker needs to
be accepted by regulators and construction
companies as a viable alternative to other
types of cement before it will be used.

Governments will play a critical role in
establishing enforceable standards, but
industry groups and private companies can
establish voluntary standards that go beyond
what is legally required. Voluntary standards
are already being widely adopted with

the goal of reducing operating emissions
and have been shown to drive change (see
exhibit 45). Individual companies can also
set their own standards and encourage
others in the sector to follow. Certification
companies like BREAAM and LEED can also
provide frameworks for standards which
must be met to achieve a certification.

While some authorities require certification,

some organisations can choose to opt in for
marketing purposes or to follow guidance on
best practices.

Existing standards need to be
updated to reflect embodied
carbon. For materials, this means adding
emissions data to make it easier to perform
carbon footprint calculations and understand
emissions trade-offs between products.

For design, this would include specifying
maximum material amounts to avoid waste.
One building contractor’s Business Unit
Managing Director noted, “We tend to
over-engineer buildings. Because cement

is very cheap, it is easier and faster to add
more than we need.” This can be seen on
the supply side as well, with one cement
producer’s Head of Sustainability noting,
“People always say ‘better to put a few
more kilos into the mixture’, which is due to
the situation 40 years ago when the quality
control inside cement factories was not as
advanced as it is today. We can reduce
15%-20% production if you use just what is
needed in the calculations.”

Design standards especially must
be updated to enable the use of emerging
technologies and building processes. A lack
of approved standards has become the
bottleneck in some cases, resulting in higher-
emission alternatives being chosen.
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Faster standard-setting processes
are needed. If standards do not keep
pace with the rate of technological change
in the market, they will be, and already are,
an obstacle to innovation. Performance-
based standards can set new benchmarks
that will need less-frequent updating.

Instead of specifying specific feedstock or
ratios, performance-based standards allow
any process to be used as long as it meets
necessary specifications around, for example,
strength, shrinkage, or permeability. Some
companies are shifting to performance-based
standards, but it is not yet sector-wide.

The more standards
are harmonised
across end markets
and geographies,
the bigger the
drive for innovation
becomes.

Executive, engineering firm

Exhibit 45. UK RICS
standards on LCAs

* Whole life carbon assessments were
not mainstream and when they were
performed, companies interpreted
European standards differently, using

a variety of assessment plans and
reporting structures.

* The UK's Royal Institution of
Chartered Surveyors [RICS) recently
demanded members to adhere to
its guidance on whole life carbon
assessment, aligned with European
standards.

* The standards include a minimum
requirement that every project must
complete an LCA before the technical
design stage of the project. It also
lays out minimum requirements for

the assessment, such as parts and

life stages to be included, and
standardises elements.

* The standards ensured that member
practitioners had clarity and could
create consistent outputs, which
increased uptake of LCAs.

Source: Royal Institution of Chartered Surveyors.
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Solution 14: Secure supply of
renewable energy and build
distribution infrastructure.
Significant amounts of renewable energy
will be required to power the technology
pathways described in this report. This will
require security of renewable energy supply
and distribution infrastructure. It will also
require infrastructure for the carbon flows
from CCUS technologies.

As other industries decarbonise, competition
for renewable energy will increase. Exhibit 46
indicates the amount of energy that will be
needed to decarbonise steel, for example.

In the short term, there will be high demand
for renewable energy but insufficient supply.
To secure supply, construction sector

participants can set up power purchase
agreements, co-invest in new generation
projects with energy providers, or work with
regulators to ensure the increased energy
production reaches the sector. For example, a
German cement company recently secured a
fixed price hedge for renewable electricity by
signing a 10-year power purchase agreement
with a provider.5?

Where possible, materials producers should
look to locate new facilities close to industrial
hubs where early green hydrogen and green
electricity projects are beginning to emerge.
An example of this is the UK’s East Coast
Cluster across the Humber and Teesside,
where coalitions of industrial (including
steelmakers) and energy companies aim to

Exhibit 46. Decarbonising steel using H2-DRI - high-level

infrastructure sizing (2020)

e\

~1000 Mt Requires 2700% (81 Mt)
the 2020 global green
hydrogen production
(30 kt)

steel used in
construction

& H- @

which is 5% (477 GW)
the total global electrolysis
pipeline until 2030 (91 GW)

Notes: 1) Assuming 1t steel requires 80 kg hydrogen with H2DRI-EAF; 2) Assuming 1 GW electrolyser capacity delivers 170 kt Hz p.a.
Source: Worldsteel; IEA global hydrogen review 2021; PBL & TNO - Decarbonisation options for the Dutch steel industry; Deloitte analysis
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deliver and use 70% of the UK’s 5 GW 2030
hydrogen production capacity target.

Construction projects often need temporary
power supply in remote areas, or to connect
to permanent infrastructure like municipal
power grids. The first electric construction
pilots and vehicles should be rolled out in
areas where grid connections are available.
Where possible, construction planning should
be adjusted to ensure the power supply

for electric equipment is available early in
the process, for use by electric construction
equipment and logistics. As electric fleets
scale, contractors will need to work with
utilities and governments to upgrade grids
and ensure access to power.

Finally, new infrastructure will be
needed to capture, transport and
store CO2 as CCUS begins to scale.
Partnerships should be established with
other sectors who also need COz2 transport
and storage infrastructure, like agriculture
and industrial manufacturing plants, to help
expand the market. Partnerships or long-term
offtake agreements can also be set up with
industries looking to use carbon in industrial
processes - like the production of synthetic
fuels (see exhibit 47). This dynamic was
summarised by a large steel producer’s CFO:
“We are not the only industry who needs

to move and store carbon. It is going to be
expensive, but if we can share that cost with
these other sectors, it will move faster and
ultimately be better for all of us.”
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Exhibit 47. CCUS in practice - high-level sizing (2050)

5.9 Gt CO: to be captured from material
manufacturing and sourcing processes
(e.g. at cement kilns)

Requires significant CO2 distribution infrastructure to be built?

Utilised for example as sustainable 3.8 Gt CO2 remaining, to be stored A portion might be utilised and
aviation fuel (SAF)'2: 2.1 Gt CO2 permanently. This is 86x the 2021 installed : stored in niche applications for
required for total 2050 production global CCS capacity (44 Mt) or 14x the : CO:2 e.g. to promote plant growth in
capacity currently planned for 2030 (265Mt) : greenhouses or by trapping

it in concrete or asphalt

Notes: 1) CO2 processed into synthetic fuels will eventually still be emitted into the atmosphere, therefore emission reduction through synthetic fuels only accounts for 50% emission reduction; 2) Requires
significant amounts of green hydrogen from renewable electricity to gain full emission benefits; 3) Production facilities (e.g. steel, cement) typically not placed with COz2 storage/renewable energy
availability in mind, increasing need for pipeline infrastructure

Source: IEA - about CCUS (2021); Shell - Decarbonising Aviation: Cleared for Take-off; Deloitte analysis

73



Solution 15: Increase circularity and
systems thinking.

Designing construction projects that support
circularity is one of the most significant ways
to reduce emissions. Rather than demolishing
structures and rebuilding new assets, projects
should be designed to transform, renovate and
upgrade existing structures. For example, the
retrofit of a London office used the existing
foundation, steel frame, and facade to save
90% of the embodied carbon of a new build.55

10. RESEARCH HIGHLIGHT

A system-level approach is needed to
optimise decisions around emissions, with
better linkages between different parts of the
value chain.

1. RESEARCH HIGHLIGHT

Decarbonisation will be a catalyst for
embedding efficiency and minimising
unnecessary emissions throughout the sector.

We need to

apply the carbon-
reduction hierarchy,
and step one is to
build nothing at all.

CEO, infrastructure owner and operator

Other circularity improvements include
initiatives like:

= Design for reuse, e.g. modular design;
replaceable facades;

= Trace materials through their life, e.g.
using building material passports (see

exhibit 48);

= Urban mining and waste management,
which ensure the materials are physically
disassembled, stored and distributed to
be reused, rather than being demolished

and landfilled.

If this is done correctly, materials can retain
value over their lifetime and be recycled,
so the need for manufacturing new virgin
materials declines.

In addition to how assets are designed, they
can be planned in a way that will support
the growing population’s needs. It will be
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key to consider the function of an asset, its
role in its surroundings, and the societal
value it creates. If assets are designed with
this in mind, they will likely be more fit for
future purpose, reducing the amount of

new construction necessary. For example,
placing housing, amenities and places of
employment close to each other decreases
the need for travel, which could require less
infrastructure to be built per capita. Another
example is to build apartments rather than
single-family homes. A former CEO of a
building contractor said that “Meeting our
current housing demand and being net zero
is not feasible.”

We need to be smarter about how we
build homes and designing them to fit
more people.

In order to support such systems-planning,
integrated systems-thinking is
critical. Across the value chain, from
materials manufacturing to asset planning
and design, companies can support (and
be supported by) other industries. The
construction industry will interface with urban
planners, regulators, energy and utilities
providers, retailers and numerous other
sectors to help each other decarbonise in a
way that builds better and smarter spaces.

Exhibit 48. Material Passport
- Building As Material Banks
(BAMB)

* Recovery and reuse of components
or materials from buildings requires
detailed information to be effective.
The electronic Material Passport as
developed by the BAMB project
(Building As Material Bank] aims

to assist by describing defined
characteristics of materials in products
that give them value for recovery

and reuse. This allows buildings to

be "stripped for parts" rather than be
demolished, because the owner knows
exactly the value of the building's
components.

* Material Passports allow for the
creation of new business models
where the reusable material value of
the building is a known part of the
asset and buildings are designed with
such values in mind. This supports the
transition of the building industry from
linear to circular.

Source: BAMB, TU Miinchen, Deloitte analysis.
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The Roadmap:
Accelerating
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HOW THE SOLUTIONS COME TOGETHER

The 15 proposed solutions encompass
both the measures required to decarbonise
the construction sector and the conditions
needed to adopt them. Interviewees
recognise that no single solution will be
enough, but that all solutions must play

a role. Overall, actions to decarbonise
construction should follow this sequence:

= The short term (2023 -2030):
Adopt ready-now solutions and lay the
foundation for lower-carbon alternatives;

= The medium term (2030 -2040):
Expand adoption of lower-carbon
alternatives

= The long term (2040+):
Scale all solutions across regions and
end-markets.

The short term (2023 -2030)
During this phase, the industry will focus
on accelerating activity that is already
underway by implementing technical
solutions that are available today and
creating the conditions required for future

change. Immediately and over the next few
years, the industry, especially construction
companies and engineering consultants, can
make design and execution more efficient by
using modern tools and practices to reduce
waste and cost, thereby improving the bottom
line and carbon footprint at the same time.

Increasing awareness around embodied
carbon will be foundational to create the
momentum and accelerate emission reduction
initiatives. Industry associations can play an
important role.

It is also important to offer construction
subsectors stronger encouragement to invest
in the early-stage technologies which will
enable a netzero emissions future. This can
be achieved if codlitions of asset owners
and construction companies activate and
aggregate demand, financiers create new
incentives through green financing standards
and investment, and regulators put in place
stronger polices to stimulate low-carbon
assets and low-carbon solutions. Regulators
must update design and material standards
to help implement new technologies and

ways of working. The sector as a whole
must also develop the new skills required,
where engineering consultants and industry
associations can make an impact to both
asset owners and construction companies.

Continued R&D and pilot programmes will
be essential to develop new alternative
materials and continue to scale technologies
and lower costs, even though for some,
such as low-carbon cement and low-carbon
steel, it is unlikely they will be economically
viable at scale before 2030. There may be
some exceptions. Projects that are close to
the first point of supply or with customers
willing to pay high green premiums may
scale more quickly. To illustrate, rolling out
zero-carbon equipment is likely to increase
in the short term because this technology is
already becoming available and adopted.
The city of Oslo, for example, requires zero-
carbon equipment to be used on municipal
construction sites. These cases can provide
valuable insights for the rest of the sector.

Decarbonising
construction is not
like decarbonising
aviation - it is not
just about changing
fuels. We need new
energy carriers,

new processes, New
materials, and new
ways of building.
We are going

to need to use
every technology
available to us to
get to net zero,
without everything
being ready today.

Head of Sustainability, engineering consultancy
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The medium term (2030 -2040)

The solutions that were the focus of the short-
term phase are continuously strengthened
through bolder commitments, tighter
regulation and new standards to maintain
the environment for change. Having now

put in place the supporting conditions, the
medium-term phase entails widely adopting
the more foundational technologies required
to decarbonise, such as low-carbon materials
which drive the majority of construction
emissions. These solutions have started
developing in the short-term phase, but
become more widely available in the medium-
term (2030 - 2040). Material manufacturers
and researchers play a pivotal role, with
asset owners and financiers as a critical
enabler. This includes expanding investment
in low-carbon cement and concrete, scaling
low-carbon steel production, and adopting
alternative materials, all of which are enabled
by increasing circularity and systems-thinking.

Adopting more holistic contract models
and public-private partnerships between
asset owners and construction companies
will enable them to align strategic priorities
between stakeholders, which facilitates
making more low-carbon decisions at a
project level.

Finally, securing the production and
transportation infrastructure for renewable
energies is important given it is a key
technological enabler for low-carbon
materials and construction activities as they
begin to enter the sector beyond the pilot

phase. This is where energy companies can
make a huge impact.

As noted by the CEO of a large infrastructure
contractor, “The first investment and
regulation only gets us to the starting line.
Once we start to see the first green projects,
these things need to intensify to make sure we
get to the finish”.

The long term (2040+)

At this point in time, the solutions described
in this report will be in practice but that

does not mean they will be widely deployed
globally or that the sector will be at net zero.
As low-carbon construction projects become
common practice, the industry and regulators
will need to maintain the conditions for
change and expand the infrastructure
necessary to allow decarbonisation to occur
at scale, globally.

Note that solutions are not exclusive to each
of these phases. All proposed solutions have
a role over the entire timeframe explored, but
the focus should shift over time.

The sector must organise to deliver this

broad range of solutions. Many of the
solutions require participation from multiple
stakeholders across the value chain. As noted
by an EPC executive: “No one can do this

by themselves. The solutions we are talking
about will require effective collaboration
across the sector”. Exhibit 49 summarises
which stakeholders will need to initiate
solutions by playing a leading role, and other
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stakeholders who will need to be engaged to
play a supporting role.

Overall, asset owners and developers play
an important role in initiating and funding
low-embodied carbon projects. Regulators
and financiers can reinforce this by helping to
create the incentives required for investment
and drive the demand for low-carbon
construction. Construction companies

play a central role in orchestrating the
transformation. Their role covers everything
from creating demand signals for low-
carbon materials and equipment at scale,
to applying these in their operations and
developing talent to do so. Materials and

equipment manufacturers will be responsible
for leading the development in their areas.

Meanwhile, energy companies can provide
the renewable infrastructure to power
the transition.

Codlitions can help accelerate action
by bringing actors together from across the
value chain around a shared objective. This
could reduce the risk associated with early
investments by sharing it across multiple
parties. For example, the Hybrit consortium
brought together an iron ore producer, steel
maker and power company that, in 2021,
made the world's first consumer delivery of
steel produced with hydrogen instead of
coal.%¢ Similarly, end market coalitions can
be vital in ensuring a strong business case
for materials producers to switch to low-
carbon production.
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Exhibit 49. The roadmap for decarbonising construction

Expand adoption of Scale all solutions across regions
lower-carbon alternatives and end markets

3. Generate green financing standards and expand
investment

6. Invest in low-carbon cement and concrete pathways
Commitments and incentives should

The sector should look for opportunities 7. Scale low-carbon steel production continue to evolve, and technology

to adopt medium-term solutions as early as possible 11. Adopt more holistic contract models and public-private solutions and required infrastucture
while keeping the focus on adopting all ready-now solutions. } should be rolled out at larger scale as

partnerships demand increases and new use cases

14. Secure supply of renewable energy and build distribu- become viable.
tion infrastructure

15. Increase circularity and systems thinking

1. Increase awareness around embodied carbon

2. Activate and aggregate demand

Adopt 4. Adopt policies to stimulate demand for low- and zerocarbon assets
ready-now
q 5. Stimulate development of low-carbon solutions through policies EE— . . —
solutions As the adoption of lower-carbon alternatives
and lay the begins to expand, short-term solutions should
Y ) 8. Develop and adopt alternative materials . 9 P .
foundation continue to be strengthened and adopted in markets
for . &, R kel antetan coaa where decarbonisation is just beginning.
zero-carbon
alternatives

10. Develop talent and increase knowledge sharing

12. Make design and execution more efficient

13. Update design and material standards

Short term (2023 -2030) Medium term (2030 -2040) Long term (2040+)
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Exhibit 50. Lead and supporting roles in decarbonisation solution themes
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1 Increase awareness around embodied carbon.

2 | Activate and aggregate demand.

4 | Adopt policies to stimulate demand for low- and zero-carbon assets.

5 | Stimulate development of low-carbon solutions through policies.

Short term
8 | Develop and adopt alternative materials.

(2023-2030)

9 | Roll-out low-emissions equipment.

10 | Develop talent and increase knowledge sharing.

12 | Make design and execution more efficient.

13 | Update design and material standards.

3 | Generate green financing standards and expand investment.

6 | Investin low-carbon cement and concrete pathways.

. 7 Scale low-carbon steel production.
Medium term P

(2030-2040)

11| Adopt more holistic contract models and public-private partnerships.

14 | Secure supply of renewable energy and build distribution infrastructure.

15 | Increase circularity and systems thinking. . -

Source: Interviews; Deloitte analysis

. Lead role Supporting role
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A PATHWAY TO

DECARBONISATION

In this report we have summarised the views
of a wide range of construction experts

on the sector’s biggest decarbonisation
challenges, outlined existing and potential
solutions, and set out who must do what, and
by when.

Through this research, we have identified
a clear pathway to decarbonisation,
which suggests the construction sector can
significantly reduce its emissions by 2050
and achieve net zero by 2060, with 82%
decarbonisation reached by 2050. Such
a lengthy timeframe is a reflection of the
industry’s huge scale, the complexity of
its ecosystem, the hard-to-abate nature
of its component subsectors and its long
asset lifetimes.

But we are already seeing steps being taken
in the right direction that show the will for
positive change is there.

For instance, low-carbon construction
equipment and logistics options are already
available and in use and will grow steadily
over the coming decades.

Meanwhile, we are also seeing more efficient
designs and a more circular approach to
reusing buildings. Improvements in material
sourcing and manufacturing, recycling and
reuse of material components will have

the most immediate impact on emissions
reduction throughout the 2020s. Research
suggests this could amount to a 20-30%
reduction in building materials demand, with
an equivalent effect on emissions.

Looking further ahead, interviewees point to
other developments on the horizon. During
the 2030s, decarbonisation technologies will
become increasingly available and scalable
globally. Incremental improvements in cement
emissions reduction, e.g. through clinker
substitution, will start to make an impact and
the first low-carbon steel plants will start to
come online.
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By the 2040s the speed of construction
decarbonisation will have increased,

and much of the physical and regulatory
infrastructure will be in place. At this point,
interviewees expect low-carbon steel, cement
and other materials to start entering the
market en masse. Other building materials
(e.g. glass, aluminium) are expected to
decarbonise at a similar speed, even though
their impact on lowering carbon emissions
will be limited.

Given the urgency of reaching net zero, it

is likely that carbon offsets will play a role.
The industry, however, knows that it must
ensure these are not used as a substitute for
investment in pathways to remove emissions
from the sector.

Overwhelmingly, the message from industry
is that decarbonisation must and will happen,
despite the challenges. As one building

firm executive put it: “The change is coming
and will only intensify. We can either use

it as an opportunity today or be out of
business tomorrow.”

Progress along the various decarbonisation
pathways will differ. Some geographies -

like Western Europe - are already putting
stricter regulation in place and investing in
lower-carbon materials. The same advances
may take more time in developing economies,
although they could accelerate by learning
from successful initiatives in mature regions.

12. RESEARCH HIGHLIGHT

Sharing learnings will help each region
accelerate progress towards net zero.

Each geography has a role to play, and
Appendix B: Regional Differences breaks
down these roles to provide a perspective on
actions everyone can take today.

There are very valuable rewards for those
who seize the opportunities: from the cheaper
capital available to construction firms with
an ambitious ESG agenda, to the chance to
lead the reinvention of this essential sector
and be in the vanguard of decarbonising
construction. We already see early-movers
investing in decarbonisation projects and
piloting low-carbon technologies, but even
more can be achieved if each player in the
construction ecosystem understands they
all have a role to play and action can be
taken now.

The decarbonisation pathway shared in this
report clarifies the road ahead, so let’s start
building a low-carbon future for construction.
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Exhibit 51. Decarbonisation pathway - sector sentiment

150
125 6,4
Efficient material
Index =2020 5.4 Gt CO: 20% o— \cient matenia
(re)use
100
‘HHH 23% Cement
73 e ——
15% Steel
50
14% e————————  Other construction
———————— materials
— LOgistics
rerrrrrrrrrren - Construction activities
25 4% o—mmm— | . il
Research participants expect that the Alternative mGterIG.s
global construction sector could reach Carbon compensation
net zero by 2060 to 2070.
0
'00 '05 "0 "5 '20 '25 '30 '35 '40 '45 '50 2050

Note: Model assumes net zero without offsets by 2060 - Offsets considered last resort by industry and not preferred option
Source: Interviews, Deloitte analysis
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Exhibit 52. The life cycle of a low-carbon construction project - a prospective view

The contractor knows net zero

After securing financing The contractor uses a repository concrete is available and cfforduble,

and approvals, they of local best practices to build because 15 years ago, he signed an
Because low-carbon assets receive financing decide to partner early with on that expertise. The architects and engineers agreement with other contractors to
benefits, the developer is committed to a general contractor. use carbon assessment tools purchase large amounts.

constructing a low-carbon facility. to inform their building designs.

Demand increased
alongside carbon prices,
making netzero concrete
production attractive.
Updated standards also
helped the acceleration
of the production of
low-carbon concrete.

Imagine, in 2040, a medium-sized
real estate developer wants to
build a new apartment building.

The government announced
they will impose limits on
embodied carbon in new
residential buildings.

After 50 years, the developer sells the

building. Rather than demolish it, the new
owner decides to reuse the core structure
and components; the cycle begins again.

In order to stand out from
competitors, they decide
to make their apartment
building fully net zero.

The building is complete, and the
developer sells the apartment units
for a green premium. Tenants are
thrilled to own a net zero home.

Construction begins. Solar panels are installed To meet the challenge,
The construction team procures the in addition to an early grid connection onto the designers amend the

exact amount of materials needed, the site, which will power the rest of construction structure to use a modular
and nothing is wasted on-site. and, after completion, the building. design and netzero steel.

The subcontractors use electrified
equipment and hydrogen for
the heavy equipment.
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APPENDIX A

WAYS TO REDUCE EMISSIONS
IN CONSTRUCTION

Industry stakeholders acknowledge that they
have a range of options to decarbonise, as
each step in the value chain has technological
decarbonisation options. An overview of the
main options for each construction subsector
is provided here. The listed items are not
exhaustive but represent the options most
frequently referenced by interviewees.

Interpretation of when, where and why each
options is preferred is explained throughout

and Chapter 3: Potential solutions for
decarbonising construction.

Material manufacturing and
sourcing - Cement and concrete

In the most common industrial cement-making
process, limestone rock is crushed, milled, mixed
and dried before being burned in a rotary kiln.
The traditional cement production uses whatever
fuel is cheaply available for heating, which is
often coal. During burning, the limestone is heated
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process emissions). The resulting product is clinker.
About 40% of emissions in clinker production
are generated from fuel combustion to

heat the kiln and around 60% are process
emissions. By cooling, further grinding and
blending with additives, the clinker is turned
into cement, which is used as a binder in
concrete through further mixing with other
minerals and water.

The main decarbonisation options for

cement are:

* Fuel substitution - Reducing
combustion emissions by adopting
lower-emission fuels, such as natural gas,
biomass or hydrogen, dependent on local
availability of alternatives.

= Carbon capture - Capturing most CO2
emissions using carbon capture utilisation
and storage (CCUS) technologies, where
CO:2 is either recycled or stored for long term.

= Partial clinker substitution - Reducing
the amount of clinker in cement by substitution
with supplementary cementitious materials

calcined clay, which potentially impacts the
technical characteristics of the concrete.

= Alternate chemical processes
for clinker production - Replacing
limestone as a feedstock in the clinker
production process and using different
chemical processes to eliminate process
emissions from limestone calcination.

= Efficiency improvements in
materials and energy used.

Each of the above solutions can be
combined, though carbon capture would
be required to capture and store/utilise
remaining (process) emissions.

In addition to these main options, innovations
are emerging. One example is in the mixing
and batching step: CO2 can be injected

into the hardening final product, which

turns concrete into a carbon sink that

offsets emissions. This carbon sink becomes

a permanent one only if the concrete is
recycled back into another product at the

Chapter 2: Barriers to decarbonisation to such an extent that carbon is released (called (SCMs) e.g. fly ash, blast furnace slag or ~ end of life.
Exhibit 53. Cement Production Process - carbon emissions - INDICATIVE
Cement (~860 kg CO2/t) Concrete
Emissions - 8 -10%
% per step 10 -12% 70 - 90% transport
Minerals,water NZ
ypieal | estonerock | // > ’ . Clink | Cement Concret
- imestone roc inker emen oncrete ;
el — & — [ Batching and mixing Use in
process P C \p assets

Crushing, milling, premixing, drying

Source: CE Delft - Klimaatimpact van betongebruik van der Nederlandse bouw (2020)

Burning (e.g., rotary kiln)

Cooling, grinding and blending
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Material manufacturing and
sourcing - Iron and steel

The most common steelmaking process is
the Blast Furnace (BF) with Basic Oxygen
Furnace (BOF) process, accounting for
around 70% of global steel production. The
Electric Arc Furnace (EAF) is responsible
for the remaining production. Minerals are
pre-processed into cokes, sinter and pellets,
before being processed into iron in the BF
and converted to steel in the BOF. The BF
and BOF steps are the major contributors
to carbon emissions due to the combustion
of coal.

There are incremental decarbonisation
options that can be implemented today.

For example, up to 20% hydrogen can be
injected in the production process to partially

substitute use of hydrocarbons. However,
significant portions of emissions remain.

The main decarbonisation options for
steel are:

Carbon capture - Adding CCUS
technologies to the traditional process,
as explained for cement, particularly
for younger assets that were recently
installed and have not depreciated.

Direct Reduced Iron plant
powered by natural gas (DRI-
NG), with EAF and carbon

Exhibit 54. Steel production process - carbon emissions - INDICATIVE

Emissions -
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capture - DRI-NG is a more carbon-
efficient method of creating iron that
largely bypasses sinter and coke-making
and is already in use at about 80 plants
globally today. CCUS captures the

remaining emissions.

DRI powered by hydrogen
(DRI-H2) with EAF - As hydrogen
becomes more widely available, it can
replace the natural gas in option (2).
As DRI-H2 EAF is nearly emission-free,
carbon capture is no longer needed.

DRI in combination with a
melting unit and BOF, and carbon
capture - Using DRI in combination

Steel (primary, ~2.6 t CO2/t)?

40 - 50%

25 -35%

with a melting unit, which allows
traditional BOF to be used with a wider
variety of iron ore qualities.

* Increase scrap % - Larger fractions of
scrap metal can be used in steelmaking
to largely bypass the sinter, pellet and BF
steps. Waste management is required to
collect and distribute scrap.

= Efficiency improvements in
materials and energy used.

For a more comprehensive and nuanced
view on decarbonisation of steel, see the
report Decarbonising Steel: Forging new

paths together.

15 - 25%

% per step 5-15%
Cokes
Typical
production |
ron ore
process

Sinter & pellet plant

Iron making
Blast Furnace (BF)

Notes: 1) Pellet plant decarbonisation out of scope for this research; 2) Global average

Source: Wang et al (2021) - Efficiency stagnation in global steel production urges joint supply- and demand-side mitigation efforts; Mission Possible partnership (2021) - Net-zero steel sector transition strategy

Steel making
Basic Oxygen Furnace (BOF)

J

Use in
Finishing .
assets
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Material manufacturing and
sourcing — Other construction
materials - Asphalt

The most common industrial asphalt making
process involves heating and mixing various
minerals, which are then mixed with pre-
heated asphalt binder, usually bitumen.

At this point, heated Reclaimed Asphalt
Pavement (RAP) can also be introduced. The
entire mixture is heated during transport until
it is used to build roads.

The main decarbonisation options for
asphalt are:

Fuel substitution - Lower carbon
energy carriers, like natural gas, can
be adopted for heating, with CCUS

technologies for the remaining emissions.

Hydrogen or electricity - Zero-
carbon energy carriers can be adopted
for heating, eliminating the need for
carbon capture.

Temperature reduction through
warm / cold mix asphalt - Adding
additives to the asphalt mixture, so it
does not need to be heated to such

Exhibit 55. Asphalt production process - carbon emissions — INDICATIVE

Emissions -
% per step

65 -75%
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high temperatures, reducing the total
required energy.

Bitumen substitution - Multiple
bitumen substitutes are being developed,
such as using lignin as a binder or
converting bio waste into a substance
similar to bitumen.

Increase recycled asphalt share -
Using recycled asphalt reduces the need

for virgin materials and related emissions.

This is already being done today, but
more progress can be made in specific

Other materials - Asphalt (~20kg CO2/t)

10 - 20%

5-15%

countries. Waste management is required
to collect and distribute RAP.

= Efficiency improvements in
materials and energy used.

In addition to these main options, innovations
are emerging. These include the use of bio-
based components to trap carbon. This turns
asphalt into a permanent carbon sink which,
even when recycled, will not be released into
the atmosphere.

2-7%

Bitumen'
Typical
production
process
Minerals —>

Heating of asphalt

Heating, mixing, drying of aggregate

Notes: 1) Asphalt binder usually primarily consists of bitumen and additional additives
Peng et al (2015) - Evaluation system for CO2 emission of hot asphalt mixture; Bizarro et al (2021) - Potential Carbon Footprint Reduction for Reclaimed Asphalt Pavement Innovations: LCA Methodology, Best Available Technology, and Near-Future Reduction

Potential; Interviews; Deloitte analysis

Jj Recycled asphalt (heated)

Use in
assets

Paving and rolling



Construction activities — Equipment

Around 80% of annual volume sales for
(land based) construction equipment are
generators, excavators and wheel loaders.
Various technologies are applicable for
specific situations.

The main decarbonisation options for

equipment are:

= Biofuels - Suitable for most equipment
types, biofuels are easy to use in current

engines, but are challenged by limited
feedstock availability.

= Battery electric - Battery technology

can decarbonise both generators and

lighter equipment, assuming low-carbon

electricity is used.

=  Wired electric - For heavy
equipment, a wired electric solution
is considered superior to batteries,
depending on sufficient grid capacity or
connections available.

= Hydrogen - As an alternative
to electric technology, hydrogen is
an option for both generators and
heavy equipment.

= Efficiency improvements
in energy used by drivetrain
optimisation, equipment design and
operational optimisation.

Because of similarities with heavy-duty trucks,
for a more comprehensive view also see the
report Decarbonising road freight - Getting

into gear.
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Exhibit 56. Decarbonisation options construction
activities - equipment - INDICATIVE

Power
generators

Excavators

Typical assets

Wheel loaders

Biofuels

Battery electric

Main
decarbonisation
option: fuel

substitution
(incl. drive train
modification)

Wired electric

Hydrogen

Efficiency improvements

Source: 1) Climate Neutral Group, CECE, Interviews, Deloitte analysis
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Construction activities — Logistics —
Road freight

Road freight activities in for construction

encompass light, medium and heavy duty

trucks. The main decarbonisation option is

focused on fuel substitution away from the

diesel fuel typically used today.

The main decarbonisation options for

road freight are:

Natural gas (compressed or
liquid) - Suitable for most asset types,
not zero emission, but relatively available
globally, which can help increase speed
of adoption.

Biofuels and biogas - Also suitable
for most asset types, lower carbon, but
limited in feedstock availability.

Battery electric - A relatively mature
technology, requiring less maintenance
than conventional internal combustion
engines, but technically most suitable for
light commercial vehicles and medium
duty trucks.

Fuel cell electric - Enables a driving
range and refuelling experience
comparable to diesel engines. Fuel cell
electric is an emerging solution for heavy-
duty trucks where hydrogen refuelling
infrastructure is available.

Synthetic fuels - Synthetic fuels
produced from low-carbon hydrogen and
CO:2 are a possible alternative fuel for
existing combustion engines. However,
with limited availability at scale and

high costs which are not expected to
materially change in the near future,
synthetic fuels remain an unlikely solution
for the construction sector.

Efficiency improvements in energy
used by drivetrain optimisation, truck
design and logistical routing.

For a more comprehensive and nuanced view
on decarbonisation of road freight, see the
report Decarbonising road freight - Getting

into gear.
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Exhibit 57. Decarbonisation options logistics
- road freight — INDICATIVE

Natural gas
(compressed
or liquid)

Light commercial
vehicles (LCVs)

Biofuels and biogas

Main
decarbonisation Battery electric
13 option: fuel Y :
@ substitution
B Medium-duty
.g trucks (MDTs)
3
= Fuel cell electric
Synthetic fuel
Heavy-duty
trucks (HDTs)

Efficiency improvements

Source: Shell (2021) - decarbonising road freight
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Construction activities — Logistics —
Shipping

Shipping activities in construction mainly
encompass bulk carriers, container ships, and
offshore transport and installation vessels.
Today's ships typically use heavy fuel oil.
Therefore, the decarbonisation options are
focused on fuel substitution.

Liquefied natural gas (LNG) is considered a
transition fuel, as it is relatively available and
reduces emissions compared to traditional
heavy fuel oil. To fully reach net zero, it is
unknown which fuel source listed below will
become dominant.

The main decarbonisation options for
shipping are:

= Biofuels - Drop-in solution for existing
fleet to reduce carbon intensity, but
there are concerns about sourcing and
availability of supply.

= LNG - Transition fuel to bio-LNG
and e-LING.

= Methanol - Using methanol requires
engine modification. One of the
feedstocks required to produce methanol
is CO2, which can be collected through

carbon capture from cement production,
for instance.

= Liquid H2 - Releases zero-carbon
emissions at combustion, but needs to
be stored at =253° Celsius and has a
relatively low volumetric energy density,
which means that it requires more
frequent fuelling stops or compromised
cargo space.

= Ammonia - Ammonia eliminates
carbon emissions at the engine, but there
are concerns about ammonia’s toxicity
and NOx emissions in combustion.

= Efficiency improvements in energy
used by drivetrain optimisation, vessel
design and logistical routing.

For a more comprehensive and nuanced view
on decarbonisation of shipping, please see
the report Decarbonising shipping: All hands

on deck.

Exhibit 58. Decarbonisation options logistics
- shipping - INDICATIVE

Typical assets

Bulk carriers

Main
decarbonisation

option: fuel
substitution

Container ships

Offshore
transport and
installation

vessels Efficiency improvements

Source: Shell (2020) - Decarbonising shipping

Biofuels

LNG

Methanol

Liquid H>

Ammonia
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APPENDIX B
REGIONAL
DIFFERENCES

The construction sector will decarbonise

at a different pace, and likely on different
pathways, across geographies (See exhibit
59). This is because of differences in
construction markets, government, economic
conditions, and societal awareness around
decarbonisation. Europe, USA, China and
India have been highlighted as deep-dive
markets due to their scale, and activity to-
date around decarbonisation.

All of these markets have set net-zero
targets, but on different timelines. Europe
and the USA have committed to reach net
zero by 2050, while China and India’s
targets are 2060 and 2070 respectively.
The construction sector will play a key role
in helping these countries meet their targets
given its high contribution to emissions.
Because there is no global regulatory body
for the construction sector - like the IMO in
shipping or IATA in aviation - each country
or region must act. Exhibit 59 shows an
overview of the key characteristics for each
of the priority geographies, and they are
explored in greater detail in this chapter.
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Exhibit 59. Regional construction sector characteristics

End
market

1. Demand
End market interest for
low-carbon construction
with associated green
premiums

Emerging focus on

embodied carbon for

both governments and
leading businesses

Emerging focus on

embodied carbon for

both governments and
leading businesses

Limited focus on
embodied carbon and
associated green
premiums

Limited focus on
embodied carbon and
associated low-carbon
premiums, except from

global brand offices

2. Regulation
Policies incentivising or
enforcing low-carbon

materials & equipment use,
and material production

In place; relatively
mature legislation through
e.g. cap and trade

schemes and emerging
legislation on LCA
requirements and other
select regions

Emerging; IRA policies
provide strong incentives
for carbon capture and
green hydrogen, but
political commitment to
decarbonisation varies
between election cycles

Moderate; adopted a
range of cap and trade
schemes, no full focus on
embodied carbon in
construction (yet)

Limited focus on redu-
cing embodied carbon;
considered lower priority
vs e.g. transportation
emissions

3. Technology
Clarity and focus on
technology options
within construction

subsectors

Partially aligned
major producers
announcing technical
shift to low-carbon pro-
duction technologies

Partially aligned
major producers
announcing technical
shift to low-carbon pro-
duction technologies

Not aligned; Limited
focus on decarbonising
major assets in e.g. steel
and cement making in
the short term

Not aligned; Limited
focus on decarbonising
major assets in e.g. steel
and cement making in
the short term

4. Roles
Degree of
concentration of end
market owners

Fragmented;
setup of owners (e.g.
governments) across

European countries

Fragmented;
setup of owners (e.g.
governments) across

states

Concentrated;
centralised decision
making in both
government and
business could allow

quick and impactful
progress

Fragmented;
setup
of owners

Note: 1) 5 full circles equals easy to decarbonise relative to regions, O stars equals hard to decarbonise relative to other regions
Source: Interviews; Deloitte analysis

5. Implementation
Availability of required
infrastructure to
decarbonise construction
subsectors

Somewhat
favourable; significant
investments in recent years

in renewables and green
hydrogen supply, but not
enough to meet
projected demand

Somewhat
favourable; significant
investments in recent years

in renewables and green
hydrogen supply, but not
enough to meet
projected demand

Somewhat favoura-
ble; significant investments
in recent years in renew-
ables, but not enough to
meet projected demand

Limited; investments in
recent years in renewables

Impact on readiness

. High

Decarbonisation
readiness!’
High-level assessment

00 O

00 (O

00 (O

OOO00O

Neutral D Low

90



REGIONAL DEEPDIVE
EUROPE

Europe is recognised by most research to translate into action with markets like

participants as the global leader when it Norway beginning to mandate zero-emission
comes to decarbonising construction (see construction equipment, and construction on
exhibit 61). The UK governments and EU the first low-carbon steel production facilities.
commission have set some of the strongest As only 60% of the European population
regulations to date, and European-based lives in EU member states, alignment across
construction businesses have made more borders will be critical to ensure progress
net-zero commitments than those in other across the region.

geographies to date. This is beginning

Exhibit 60. Country highlights — Europe (2021)

Popu- Cement

P la- | -
GDP o!:u “ lation Ccfrb.on production Stee P e
tion emissions 3 duction
growth capacity’
Absolute $177 0.58B -0.1% 3.0Gt 402Mt 205Mt
0O,
I 21% 7% 8% 9% 9%

global

Note: 1) 2019 values
Source: Worldbank; IEA (2021): Global Energy Review: CO2 Emissions in 2021; 2021 UK department for business, energy & industrial strategy: UK green-
house gas emissions, provisional figures; Cemnet; UN Comtradedatabase (2022); Worldsteel(2022): World Steel in figures 2022; Deloitte analysis
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Exhibit 61. Sector decarbonisation readiness — Europe

Readiness

Readiness

questions factors

India USA Europe

50% ®

Participants’ view on severity of barriers

Why
should
the sector
change?
LECTNEHITT M 50% (
Technology OZA
Can the
sector
change?
WA Global [ § China
How (
fast can Implemen-
. 80%
the sector tation
change?
Major barrier 100% Minor barrier 0%
Europe
average

Source: Interviews; Deloitte analysis
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Participants' view on barriers LSl
(2023-2030)

Embodied carbon is slowly becoming more of a design criteria in Europe, | |- Increase

particularly for infrastructure. That said, it is not yet a true priority in awareness

procurement practices. Though awareness of embodied carbon is highest around

in Europe vs other regions according to our interviewees, it is still low embodied

compared to e.g. operational carbon. As the CEO of a building operator carbon

noted: “Premium building segment requires differentiation, and European

customers are increasingly demanding sustainable buildings.”

Regulations for construction subsectors are becoming more strict through

(amongst others) the EU ETS. Individual European countries are slowly

adopting standards and regulations on embodied carbon, but these

regulations are comparatively new and not considered fully mature

across the continent. As an infrastructure contractor noted: “Some

European countries have much stricter legislation than others. France is

particularly strict but fair.”

Various pilot projects, both operational and announced, for low-carbon

steel and cement can be found across Europe, making it a global

frontrunner. That said, decarbonising material production subsectors is

still in its infancy, even in Europe.

Governmental agencies, leading municipalities (e.g. Oslo, Amsterdam, 10. Develop

London), have started actively promoting low embodied carbon as talent and

a part of their procurement practices, forcing broader, cross-project increase

visibility on embodied carbon impact in a region. As the CEO of a knowledge

building operator noted: “London requires all building permits to have a sharing

netzero building development scheme, and similar policies exist in the
Netherlands and Germany.”

12. Make design
and execution

There are limited overarching European definitions on data and cu
more efficient

methodologies to account for embodied carbon, but initiatives for
increased collaboration and the use of European frameworks do exist.
Furthermore, Europe is investing significantly in increasing its supply of
renewable energy and green hydrogen production.

Revelance

India average . Global average USA average . Europe average @ China average

Medium-term
(2030-2040)

14. Secure supply of
renewable energy
and build distribu-
tion infrastructure
15. Increase circu-
larity and systems
thinking
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REGIONAL DEEPDIVE

USA

The USA was seen as a global leader in
construction decarbonisation by interviewees,
but progress is seen to be slightly behind
Europe. The recent Inflation Reduction Act
and state regulation like the Buy Clean
California Act are expected to accelerate
progress by expanding production of
renewable fuels, and putting limits in place
around embodied carbon in public works
projects®”. Despite these positive signs, the
decentralised nature of regulation in the

USA and lack of progress in some states are
expected to be a challenge. Interviewees
also noted concerns around making long-
term investments given extreme differences in
policy between administrations, as noted by
the CEO of one cement producer: “California
shaping policy is great, but we need clarity
around policy at a national level before |

can make the long-term investments which
are needed”

Exhibit 62. Country highlights - USA (2021)

Popu- Cement
GDP Po!:ula- lation Ccfrb.on production ocl P ros
tion emissions . duction
growth capacity’
Absolute $23T 0.3B 0.1% 4.6Gt Q4Mt 86 Mt
0O,
o 24% 4% 13% 2% 4%
global

Note: 1) 2019 values

Source: Source: Worldbank; IEA (2021): Global Energy Review: CO2 Emissions in 2021; Cemnet; UN Comtrade database (2022);

Worldsteel(2022): World Steel in figures 2022; Deloitte analysis
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Exhibit 63. Sector decarbonisation readiness - USA

Readiness L C-CNET
questions factors

Why
should
the sector
change?

Regulation

Technology

Can the
sector
change?

How
fast can

Implemen-
tation

the sector
change?

80%

20%

India USA Europe

Participants’ view on severity of barriers

B0 Global § China
90%
Major barrier 100% Minor barrier 0%
USA average

Source: 1) Mission Possible Partnership - Net-zero steel sector transition strategy (2021); interviews; Deloitte analysis
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Participants' view on barriers

There is increasing focus on carbon emissions across end markets
in the US, particularly in California. That said, the USA has mostly
similar design and procurement practices as the rest of the world,
and thus usually prioritises cost and speed over embodied carbon
characteristics. As the CEO of an infrastructure operator noted:
“We live in a competitive world. If we pressure our customers on
decarbonisation issues, they'll go elsewhere.”

Regulations for construction subsectors and end markets typically do not
incentivise action across the value chain. A major exception are new provisions
in the Inflation Reduction Act (IRA) of 2022, which significantly incentivises the
adoption of carbon capture technology and green hydrogen production for
e.g. low<arbon steel and cement. However, at the federal level there is limited
legislation enforcing the reduction of embodied carbon and the decentralised
nature of regulation in the USA makes it difficult to implement policies.

With the new incentives from the IRA, carbon capture could become

more mature relatively fast in the USA. Furthermore, USA steel industry
predominantly uses EAF1, meaning there is already some familiarity with
part of the key technology pathways for steel. As an executive of a cement
manufacturer noted: “[the passing of the Inflation Reduction Act] means
we don't need to convince our customers to pay a premium but can keep it
mostly cost neutral, that will de-risk carbon capture a lot.”

The USA follows the global path of a focus on individual projects without

adequate cross-project visibility and alignment of priorities. Similarly,
the expertise around low-carbon practices is limited to a few large
companies with no clear mechanism to disseminate knowledge across
the value chain.

Many definitions, data, methodologies and tools are set at the state
level, not the federal level, which reduces collaboration across states

or with the rest of the world. As an executive at a major contractor
noted:"The fact is, there are so many frameworks today, especially when
you start thinking about GHG and ESG, there redlly is a lot of overlap
but no general alignment of how we will choose to count and report and
say what is good, better, and best.”

Revelance

India average @ Global average

USA average . Europe average

Short-term | Medium-term
(2023-2030) | (2030-2040)
1. Increase 3. Green financ-
awareness ing standards
around and investment
embodied
carbon
4. Policies to

stimulate demand
for green assets
5. Stimulate
development of
low-carbon solutions
through policies

6. Invest in
low-carbon
cement and con-
crete pathways
7. Scale
low-carbon steel
production

15. Increase
circularity and
systems thinking

‘ China average
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REGIONAL DEEPDIVE

CHINA

China is the most important global
geography when it comes to decarbonising
the construction sector, due to its scale.
Rapid urban development and investment
in becoming a major steel exporter has
resulted in China being responsible for over
50% of global cement and steel production.
Interviewees expect decarbonisation of the
construction sector in China to follow behind
both Europe and the US. This is because

of limited existing regulation, relatively

low societal pressure to decarbonise, and
competing priorities like supporting rapid
economic growth and connectivity in the

country through major infrastructure projects.

Interviewees also noted that the majority
of steel and cement plants in the country
are relatively new, meaning it will take
longer for them to reach the end of their
productive life and be transitioned to lower-
carbon alternatives.

While interviewees expect decarbonisation
progress to be slower in China than the USA
and Europe, there were signs of optimism.
As they have shown with regulation and
development in the past, China is able to
move more quickly than most markets when
commitments are made.

Exhibit 64. Country highlights - China (2021)

Popu- Cement

P la- Carb Steel -
GDP o!au “ lation cfr .on production € P re
tion emissions . duction
growth capacity!
Absolute $18T 1.4B 0.1% 12Gt 2.47 Mt 1.03Mt
s 18% 18% 33% 57% 53%

global

Note: 1) 2019 values

Source: Source: Worldbank; IEA (2021): Global Energy Review: CO2 Emissions in 2021; Cemnet; UN Comtrade database (2022);
Worldsteel(2022): World Steel in figures 2022; Deloitte analysis
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Exhibit 65. Sector decarbonisation readiness - China

Readiness L C-CNET

questions factors

Why
should
the sector
change?

Regulation

Technology
Can the

sector
change?

How

Implemen-
tation

fast can
the sector
change?

Participants’ view on severity of barriers

90%

50%

USA Europe

KO Global § China
90%
Major barrier 100% Minor barrier 0%
China
average

Source: 1) Mission Possible Partnership - Net-zero steel sector transition strategy (2021); interviews; Deloitte analysis
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Participants' view on barriers

Respondents indicate there is limited appetite in the Chinese end market
for low embodied carbon construction, neither in commercial nor from
governments. As a Chinese materials manufacturer said: “The biggest
challenge for the company is getting customers to pay a low-carbon
premium.”

China has a number of regulations that affect the construction sector, such
as specific cap and trade schemes. That said, interviewees from construction
subsectors suggest they are waiting for central government legislation before
making significant moves on decarbonisation. The Chinese government has
indicated that they want to achieve net zero by 2060, which is slower than

Europe and the US.

Many of China’s manufacturing assets for e.g. steel and cement are fairly
young. As a result they have not been fully depreciated, which acts as a
barrier (relative to other regions) to decarbonisation, as steel decarbonisation
typically requires complete replacement of assets.

China'’s more centralised government model and the concentration of
construction subsectors in a few large players allow for relatively fast
decision making once embodied carbon becomes a priority. As an executive
of a Chinese materials manufacturer said: “China has the benefit of being a
single-government country. Whenever it makes a promise, it has to deliver
and can do so very quickly.”

There are no strong overarching Chinese definitions on data and methodologies to
account for embedded carbon, but China's strong centralised government could
improve this relatively easily with time. As a Chinese materials manufacturer said:
“One challenge is the calculation of carbon being captured. This needs to be
aligned because different companies and provinces have different standards. We
are waiting for a national standard”. Furthermore, China is investing significantly in
increasing its supply of renewable energy and green hydrogen production.

Revelance

India average . Global average USA average . Europe average

Medium-term
(2030-2040)

Short-term
(2023-2030)

1. Increase
awareness
around

embodied

carbon

4. Policies to
stimulate demand
for green assets
5. Stimulate
development of
low-carbon solutions
through policies

6. Invest in low-
carbon cement
and concrete
pathways

7. Scale low-
carbon steel
production

15. Increase
circularity and
systems thinking

‘ China average
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REGIONAL DEEPDIVE

INDIA

Interviewees expect decarbonisation in the
Indian construction sector to follow all of

the other deep-dive markets. Regulation and
generational awareness around embodied
carbon emissions are still relatively low within
the country, as noted by a local construction

Interviewees noted the focus in the country
right now is on development and improving
economic conditions, and that the only
decarbonisation activity is taking place in less
localised sectors like aviation where global
companies are influenced by conditions in
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company “l have never had a conversation other countries.
about the emissions associated with my

projects with either customers or suppliers.”

Exhibit 66. Country highlights - India (2021)

Popu- Cement

Popula- 1 -
GDP o!)u “ lation Ccfrb.on production Stee Pro
tion emissions R duction
growth capacity’
Absolute $3T7 1.4B 1.0% 2.5Gt 344Mt 118 Mt

% of
e 3% 18% 7% 8% 6%
global

Note: 1) 2019 values
Source: Source: Worldbank; IEA (2021): Global Energy Review: CO2 Emissions in 2021; Cemnet; UN Comtrade database (2022);
Worldsteel(2022): World Steel in figures 2022; Deloitte analysis




Exhibit 67. Sector decarbonisation readiness - India

Readiness

Readiness

questions factors

India USA Europe

90% ®

Participants’ view on severity of barriers

Why
should
the sector
change?
Regulation [EI0¥A (
Technology JIOA
Can the
sector
change?
SO%M q China
How (
fast can Implemen-
. 90%
the sector tation
change?
Major barrier 100% Minor barrier 0%
India
average

Source: Interviews; Deloitte analysis
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Participants' view on barriers

Interviewees indicate that market demand for low embodied carbon
construction is very low in Indiq, as the focus is on decarbonising other
sectors such as transportation. That said, some pockets of demand do exist
in niches, as they do in other parts of the world, such as with headquarters of
large multinationals that have committed to net-zero operations. As an asset
manager noted: “India has taken a target of netzero in 2070. Therefore,
government buildings are not in a hurry, corporates are ahead.”

Indian regulations are not yet focused on reducing embodied carbon and
the government has set the goal to achieve net zero by 2070, 20 years later
than Europe and the US. A research participant from the Indian construction
sector noted: “Indian regulations do not really care about embodied carbon
from buildings or infrastructure yet; first priorities are with more visible sectors
like transportation”.

Though the key technologies are no different in India than in other regions,
interviewees indicate that the Indian construction sector in general is not yet
aligned on low-carbon materials and equipment as a priority.

Similar to other regions, as India’s awareness of embodied carbon is still
developing, interviewees said that they are experiencing a lack of alignment
of priorities, in particular that there is uncertainty around how the private and
public sectors can collaborate.

There are no strong enforced overarching Indian definitions on data and
methodologies to account for embodied carbon as it is not perceived to be a
government priority. As an asset manager noted: “We don't have a standard
for green cement. | meet developers that ask questions on what green cement
is.” Legislation to enforce the use of green hydrogen in other industries by
2023 should increase green hydrogen infrastructure development, but will
also increase competition for those assets.

Revelance

India average . Global average USA average . Europe average

Medium-term
(2030-2040)

Short-term
(2023-2030)

1. Increase
awareness around
embodied carbon
2. Activate

and aggregate
demand

4. Policies
to stimulate
demand for
low-carbon
assets

6. Invest in
low-carbon
cement and con-
crete pathways
7. Scale low-carbon
steel production

12. Make design | 14. Secure sup-

and execution ply of renewable

more efficient energy and build
distribution
infrastructure

‘ China average

98



DECARBONISING CONSTRUCTION: BUILDING A LOW-CARBON FUTURE @

ACKNOWLEDGEMENTS

We wish to thank all those who were involved
in the development of this research. We
appreciate your time, energy and enthusiasm.

99



SOURCES

IEA (2020) “Energy Technology Perspectives”, accessed 15 June, 2022.

Oxford Economics (2021) “Future of construction”, accessed on 27 June, 2022.

ILO (2020) “ILO Monitor: COVID-19 and the world of work”, accessed on 15 June, 2022.
Deloitte (2020) “Global Powers of Construction”, accessed on 12 June, 2022.

Turner & Townsend (2022) “International Construction Market Survey”, accessed 9
September, 2022.

IEA (2020) “Energy Technology Perspectives”, accessed 15 June, 2022.

IEA (2021) “Aviation tracking report”, accessed on 22 August, 2022.

Oxford Economics (2020) “Global Industry Forecast”, accessed on 15 June, 2022.
Gagg (2014) “Cement and concrete as an engineering material: an historical appraisal

N wNn—

O © Ny O

and case study analysis”, accessed on 15 June, 2022.

10 World Steel Association (n.d.) “Climate Action” accessed on 11 July, 2022.

11 Shell (2021) “Decarbonising Construction: Cleared for take-off”

12 World Steel Association (2021) “Climate change and the production of iron and steel”,
accessed on 28 June, 2022.

13 Hydrogen Europe (2022) “Steel from Solar Energy: a Techno-Economic Assessment of

Green Steel Manufacturing”, accessed on 28 July, 2022.

14 U.S. Department of Transportation (2018) “Highway Statistics 2017", accessed 31 August,
2022.

15 IEA (2018) “Technology Roadmap. Low-Carbon transition in the Cement Industry”,
accessed 16 June, 2022.

16 GCCA (2021) “Our Concrete Future”, accessed 30 August, 2022.

17 St. Catherine’s College, Cambridge (2022) “The world’s first zero emissions cement”,
accessed 27 August, 2022.

18 UCLA (2021) “Team led by UCLA professor wins $7.5 million NRG COSIA Carbon
XPRIZE”, accessed on 29 June, 2022.

19 IEA (2020) “Energy Technology Perspectives”, accessed 15 June, 2022.

DECARBONISING CONSTRUCTION: BUILDING A LOW-CARBON FUTURE @

20 Emrath (2020) “Subcontracting: Three-Fourths of Construction Cost in the Typical Home”,
accessed 17 August 2022.

21 Construction Enquirer (2011) “Olympic chiefs praise UK subcontractors and suppliers”,
accessed 29 August 2022.

22 Osmani (2011) “Construction Waste” in Letcher and Vallero (eds.) Waste: A Handbook for

Management, accessed 30 August, 2022.

23 Yahoo Finance (2022), “Inflation Reduction Act of 2022 Includes Over $5 Billion in
Funding to Drive Low Carbon Procurement in Buildings and Construction”, accessed on
8 September 2022.

24 Shell (2021), “Decarbonising Aviation: Cleared for Takeoff”, accessed on 19 August 2022.

25 Selected company interviews, Deloitte analysis.

26 Statists (2021), “World crude steel production from 2012 to 2021 (in million metric tons),
accessed 15 September, 2022

27 Reuters (2019) “Apple buys first-ever carbon-free aluminum from Alcoa-Rio Tinto venture”,
accessed on 19 August 2022.

28 CO2 Performance Ladder (n.d.) “What is the ladder”, accessed 2 September 2022.

29 Green Finance Institute, “UK Green Mortgage Products”, accessed 19 August 2022.

30 Reuters (2021) “Nearly all development banks committed to cutting coal investment, data
shows”, accessed on 22 August, 2022.

31 Mayor of London (2021) “The London Plan”, accessed on 18 July, 2022.

32 International Monetary Fund (2022) “More Countries Are Pricing Carbon, but Emissions
Are Still Too Cheap”, accessed on 9 August, 2022.

33 International Carbon Action Partnership (2022) “Japan - Tokyo Cap-and-Trade Program”,
accessed on 21 July, 2022.

34 European Commission (2022) “Horizon Europe”, accessed on 18 July, 2022.

35 European Comission (2020) “Construction Products Regulation (CPR)”, accessed on
20 July, 2022.

100


https://www.iea.org/reports/energy-technology-perspectives-2020
https://www.oxfordeconomics.com/resource/Future-of-Construction/
https://www.ilo.org/global/topics/coronavirus/impacts-and-responses/WCMS_824092/lang--en/index.htm
https://www2.deloitte.com/ce/en/pages/real-estate/articles/global-powers-of-construction-2020.html
https://publications.turnerandtownsend.com/international-construction-market-survey-2022/
https://www.iea.org/reports/energy-technology-perspectives-2020
https://www.iea.org/reports/aviation
https://www.oxfordeconomics.com/resource/global-industry-forecasts-brochure/
https://doi.org/10.1016/j.engfailanal.2014.02.004
https://doi.org/10.1016/j.engfailanal.2014.02.004
https://worldsteel.org/steel-topics/environment-and-climate-change/climate-action/
https://www.bing.com/search?q=Climate+change+and+the+production+of+iron+and+steel&cvid=791e02facb104ba58631973ab02049cd&aqs=edge..69i57j69i64j69i11004.296j0j4&FORM=ANAB01&PC=U531
https://www.fhwa.dot.gov/policyinformation/statistics/2017/hm12.cfm
https://iea.blob.core.windows.net/assets/cbaa3da1-fd61-4c2a-8719-31538f59b54f/TechnologyRoadmapLowCarbonTransitionintheCementIndustry.pdf
https://gccassociation.org/concretefuture/our-concrete-future/
https://www.iea.org/reports/energy-technology-perspectives-2020
https://www.nahb.org/-/media/4A97F5BAA5BB459EBE26459B2159C79B.ashx
https://www.constructionenquirer.com/2011/07/20/olympic-chiefs-praise-uk-subcontractors/
https://www.sciencedirect.com/book/9780123814753/waste
https://www.sciencedirect.com/book/9780123814753/waste
https://uk.finance.yahoo.com/news/inflation-reduction-act-2022-includes-170200888.html
https://uk.finance.yahoo.com/news/inflation-reduction-act-2022-includes-170200888.html
https://www.co2-prestatieladder.nl/en/what-is-the-ladder
https://single-market-economy.ec.europa.eu/sectors/construction/construction-products-regulation-cpr_en

DECARBONISING CONSTRUCTION: BUILDING A LOW-CARBON FUTURE @

36 American Geosciences Institute, “How much carbon dioxide is produced when different 56 The Guardian (2021) “’Green steel’: Swedish company ships first batch made without
fuels are burned?”, accessed 8 September 2022 using coal”, accessed 26 August, 2022.

37 Deloitte analysis. 57 Department of General Services (2022) “Buy Clean California Act”, accessed 15

38 Ibid. September, 2022.

39 Ibid.

40 Favier et al (2018) “A Sustainable Future for the European Cement and Concrete Industry”,
accessed on 21 July, 2022.

41 European Commission, CORDIS EU research results, accessed 8 September 2022.

42 Selected company interviews, Deloitte analysis.

43 Shell (2022) “Decarbonising Value Chains: Starting with Steel”

44 Road and Surface Technology (2017), “RAP takes centre stage”, accessed 8 September
2022

45 Mallo and Espinoza (2016) “Cross-Laminated Timber vs. Concrete/steel: Cost comparison
using a case study”, accessed on 21 July, 2022.

46 de zeen (2019) “Mjestarnet in Norway becomes world's tallest timber tower”, accessed
on 18 July, 2022.

47 C6 Perth (2022) “We're The Problem, And The Solution”, accessed on 18 July, 2022.

48 Deloitte (2022) “Transforming your organisation for the green economy”, accessed on
10 August, 2022.

49 Baofo, Kim, and Kim (2016) “Performance of Modular Prefabricated Architecture: Case
Study-Based Review and Future Pathways”, accessed on 18 July 2022.

50 Meintjes (2017) “’Generative Design, What's That?’, accessed on 18 January 2023.”
https://www.cimdata.com/en/news/item/8402-generative-design-what-s-that)

51 ArchDaily (2018) “Dubai Plans for One Quarter of Buildings to be 3D Printed by 2025,
accessed on 18 July, 2022.

52 3Dnatives (2018) “Apis Cor, Creators of the 3D Printed House”, accessed on 18 July,
2022.

53 BayWa r.e. (2021) “BayWa r.e. signs first solar corporate PPA in Poland”, accessed on
8 September, 2022.

54 East Coast Cluster (2022) “14 Projects within the East Coast Cluster shortlisted in Cluster
Sequencing Phase-2”, accessed 19 August 2022 and Department for Business, Energy &
Industrial Strategy (2021) “UK Hydrogen Strategy”, accessed 19 August 2022.

55 Royal Institute of Chartered Surveyors (2022) “Office retrofit exemplifies low-carbon
design”, accessed on 19 August, 2022.

101


https://www.americangeosciences.org/critical-issues/faq/how-much-carbon-dioxide-produced-when-different-fuels-are-burned
https://www.americangeosciences.org/critical-issues/faq/how-much-carbon-dioxide-produced-when-different-fuels-are-burned
https://cordis.europa.eu/project/id/654465
https://www.cimdata.com/en/news/item/8402-generative-design-what-s-that
https://www.baywa-re.com/en/news/details/baywa-re-signs-first-solar-corporate-ppa-in-poland/
https://www.dgs.ca.gov/PD/Resources/Page-Content/Procurement-Division-Resources-List-Folder/Buy-Clean-California-Act

LEGAL DISCLAIMER

The companies in which Shell plc directly and indi-
rectly owns investments are separate legal entities.
In this report “Shell”, “Shell Group” and “Group”
are sometimes used for convenience where refer-
ences are made to Shell plc and its subsidiaries in
general. Likewise, the words “we”, “us” and “our”
are also used to refer to Shell plc and its subsidiar-
ies in general or to those who work for them. These
terms are also used where no useful purpose is
served by identifying the particular entity or enti-
ties. '’Subsidiaries”, “Shell subsidiaries” and “Shell
companies” as used in this report refer to entities
over which Shell plc either directly or indirectly has
control. Entities and unincorporated arrangements
over which Shell has joint control are generally re-
ferred to as “joint ventures” and “joint operations”,
respectively. “Joint ventures” and “joint operations”
are collectively referred to as “joint arrangements”.
Entities over which Shell has significant influence
but neither control nor joint control are referred to
as “associates”. The term “Shell interest” is used for
convenience to indicate the direct and/or indirect
ownership interest held by Shell in an entity or
unincorporated joint arrangement, after exclusion
of all third-party interest.

Forward-Looking Statements
This report contains forward-looking statements
(within the meaning of the U.S. Private Securities

Litigation Reform Act of 1995) concerning the finan-

cial condition, results of operations and businesses
of Shell. All statements other than statements

of historical fact are, or may be deemed to be,
forward-looking statements. Forward-looking state-
ments are statements of future expectations that
are based on management’s current expectations

and assumptions and involve known and unknown
risks and uncertainties that could cause actual
results, performance or events to differ materially
from those expressed or implied in these state-
ments. Forward-looking statements include, among
other things, statements concerning the potential
exposure of Shell to market risks and statements
expressing management’s expectations, beliefs,
estimates, forecasts, projections and assumptions.
These forward-looking statements are identified

by their use of terms and phrases such as “aim”,
“ambition”, ““anticipate”, “believe”, “‘could”,
"estimate”, "‘expect”, “goals”, “intend”, “may”,
“milestones”, “objectives”, “‘outlook”, ““plan”,
“probably”, “’project”, risks"”, “schedule”, “'seek”,
"“should”, “target”, “will” and similar terms and
phrases. There are a number of factors that could
affect the future operations of Shell and could
cause those results to differ materially from those
expressed in the forward-looking statements includ-
ed in this report, including (without limitation): (a)
price fluctuations in crude oil and natural gas; (b)
changes in demand for Shell’s products; (c) curren-
cy fluctuations; (d) drilling and production results;
(e) reserves estimates; (f) loss of market share and
industry competition; (g) environmental and physi-
cal risks; (h) risks associated with the identification
of suitable potential acquisition properties and
targets, and successful negotiation and completion
of such transactions; (i) the risk of doing business
in developing countries and countries subject to
international sanctions; (j) legislative, judicial, fiscal
and regulatory developments including regulatory
measures addressing climate change; (k) economic
and financial market conditions in various countries
and regions; (I) political risks, including the risks
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of expropriation and renegotiation of the terms

of contracts with governmental entities, delays

or advancements in the approval of projects and
delays in the reimbursement for shared costs; (m)
risks associated with the impact of pandemics,
such as the COVID-19 (coronavirus) outbreak; and
(n) changes in trading conditions. No assurance

is provided that future dividend payments will
match or exceed previous dividend payments. Al
forward-looking statements contained in this report
are expressly qualified in their entirety by the cau-
tionary statements contained or referred to in this
section. Readers should not place undue reliance
on forward-looking statements. Additional risk fac-
tors that may affect future results are contained in
Shell plc’s Form 20-F for the year ended December
31, 2022 (available at www.shell.com/investor
and www.sec.gov). These risk factors also expressly
qualify all forward-looking statements contained

in this report and should be considered by the
reader. Each forward-looking statement speaks
only as of the date of this report, 20th of March
2023. Neither Shell plc nor any of its subsidiaries
undertake any obligation to publicly update or
revise any forward-looking statement as a result of
new information, future events or other information.
In light of these risks, results could differ materially
from those stated, implied or inferred from the
forward-looking statements contained in this report.

Shell’s net carbon intensity

Also, in this report we may refer to Shell’s “Net
Carbon Intensity”, which include Shell’s carbon
emissions from the production of our energy prod-
ucts, our suppliers’ carbon emissions in supplying
energy for that production and our customers’
carbon emissions associated with their use of the
energy products we sell. Shell only controls its own
emissions. The use of the term Shell's “Net Carbon
Intensity” is for convenience only and not intended
to suggest these emissions are those of Shell plc or
its subsidiaries.

Shell’s net-Zero Emissions Target

Shell’s operating plan, outlook and budgets are
forecasted for a ten-year period and are updated
every year. They reflect the current economic
environment and what we can reasonably expect
to see over the next ten years. Accordingly, they

reflect our Scope 1, Scope 2 and Net Carbon
Intensity (NCI) targets over the next ten years.
However, Shell’s operating plans cannot reflect
our 2050 net-zero emissions target and 2035 NCI
target, as these targets are currently outside our
planning period. In the future, as society moves
towards net-zero emissions, we expect Shell’s
operating plans to reflect this movement. However,
if society is not net zero in 2050, as of today, there
would be significant risk that Shell may not meet
this target.

Forward Looking Non-GAAP measures
This report may contain certain forward-looking
non-GAAP measures such as cash capital expend-
iture and divestments. We are unable to provide a
reconciliation of these forward-looking Non-GAAP
measures to the most comparable GAAP financial
measures because certain information needed to
reconcile those Non-GAAP measures to the most
comparable GAAP financial measures is depend-
ent on future events some of which are outside the
control of Shell, such as oil and gas prices, interest
rates and exchange rates. Moreover, estimating
such GAAP measures with the required precision
necessary to provide a meaningful reconciliation is
extremely difficult and could not be accomplished
without unreasonable effort. Non-GAAP meas-
ures in respect of future periods which cannot be
reconciled to the most comparable GAAP financial
measure are calculated in a manner which is con-
sistent with the accounting policies applied in Shell
plc’s consolidated financial statements.

The contents of websites referred to in this report
do not form part of this report.

We may have used certain terms, such as resourc-
es, in this report that the United States Securities
and Exchange Commission (SEC) strictly prohibits
us from including in our filings with the SEC. Inves-
tors are urged to consider closely the disclosure in
our Form 20-F, File No 1-32575, available on the
SEC website www.sec.gov.
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Discover more at
www.shell.com/decarbonising-construction
#PoweringProgress

Engage with us on:

Shell Construction and Road LinkedIn Page
Deloitte LinkedIn Page
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retrieval system, published or transmitted, in
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