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Abstract
This paper reports from initial case study work, with the aim
to analyse transformative roadmaps for the supply chains for
buildings and transportation infrastructure. The work is part of
the Mistra Carbon Exit research programme, which addresses
and identifies the technical, economic and political challenges for Sweden to reach the target of net zero greenhouse-gas
emissions by 2045. The case study work gathers some 30 stakeholders, along the supply chain from building materials to end
products in the form of buildings and infrastructure. The work
is structured as a participatory integrated assessment and this
paper provides an analysis based on the first stages of the assessment process. The aim of the first participatory workshop
and case study meetings was to capture a wide range of perspectives with regards means available to tackle the challenge
of radically reducing the climate impact from the building and
infrastructure sector. This includes exploring:
1. Measures/tools to realise the potential of a 50 % reduction in

the climate impacts from building and infrastructure construction processes that have been shown to exist already
today, and,

2. Measures/tools to accelerate the transition towards zero-

emission production and practices in the supply chains
from raw materials to completed buildings and infrastructure.

The outcomes from the first stages of the case study work show
the importance of:
• Increasing coordination and collaboration along the supply

chains, so as to facilitate collective action among stakeholders in the supply chain from basic materials to buildings
and infrastructure. This will include developing a common
understanding, language and framework among the stakeholders.

• Public actors taking the lead in the transformation, for exam-

ple by means of innovative procurement practices.

• Establishing markets for zero-CO2 products and services,

both for tapping the potential for early mitigation and for
developing and deploying transformative shifts in production and practices, including: i) financing and de-risking
investment in transformative technologies, ii) pricing emissions and de-meriting use/production of CO2-intensive products, and iii) incentivizing demand reduction and substitution of materials.

Introduction
There is an increasing awareness that as the energy and climate performance of the user phase of the built environment
keeps improving, the climate impact of the construction
process and production and supply of building materials becomes increasingly important – this climate impact is sometimes referred to as embodied emissions or capital emissions.
Previous studies (e.g. IVA, 2014; Boverket, 2015, Erlandsson,
2017) suggest that the total climate impact of building and
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construction processes in Sweden is around 10 MtCO2-eq
per year, with housing projects accounting for roughly ⅔ and
civil engineering and public works for roughly ⅓ of the annual emission. This is a substantial share of the total Swedish
greenhouse gas emissions, which amount to around 53 MtCO2-eq per year.
Figure 1 shows how the climate impact related to the heating of the Swedish building stock has been significantly reduced since 1993. Today GHG emissions from the construction process, including emissions related to production and
supply of building materials, exceeds the emissions related
to heating. Fuel- and carbon taxation in combination with
improved access to district heating, heat pumps and pellets
boilers has led to a gradual shift away from fossil fuels (mainly
heating oil) and a consequent reduction of the carbon intensity of the fuel mix used to heat Swedish buildings. In parallel, enforcement of increasingly stringent energy performance
standards, has helped lowering the energy intensity of the
building stock.
Similar regulations and incentives targeting the climate impact of the construction process has, until recently, largely been
lacking. This paper reports from the initial case study work
within the Mistra Carbon Exit research programme –with the
aim to identify and analyse measures/tools to incentivize transformative changes that could contribute to reducing emissions
from the building process in line with the Swedish economywide emission reduction target, i.e. net zero greenhouse gas
emissions by 2045. This includes:

2. Measures/tools to accelerate the transition towards zero-

1. Measures/tools to realise the potential of a 50 % reduction in

THE MISTRA CARBON EXIT RESEARCH PROGRAMME

the climate impacts from building and infrastructure construction processes that have been shown exists already today (see e.g. Uppenberg et al., 2017 and Erlandsson, 2017);
and,
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Historical

emission production and practices in the supply chains from
raw materials to completed buildings and infrastructure.

The wedges in Figure 1 illustrate the effects of full realisation of
emission reduction measures that, at least theoretically, are realisable today (known measures) and of the more transformative measures and practices that are required to reach zero or
near-zero CO2 emissions from the building and construction
processes. These measures require technologies which in many
cases have not yet been demonstrated at scale and which, in
some cases, require substantial technological development (innovation).
RELATED WORK

Efforts to increase the understanding of, and to reduce the climate impact of the construction process have traditionally typically been compartmentalized in accordance with traditional
divisions of sectors and practices, e.g., focused on individual
industrial processes, business areas and academic disciplines.
This said, over the last few years several projects and initiatives
have been launched aimed at bridging the knowledge gap and
capturing a wider range of perspective on how to speed up efforts to reduce the climate impact of the construction process
(e.g. Giesekam et al., 2014; Giesekam et al., 2016; Norman et
al., 2016; UN Environment and International Energy Agency,
2017). Table 1 exemplifies this with an overview of four important initiatives in Sweden and the UK.

The Mistra Carbon Exit programme (with a first phase 2017–
2020) has the aim to analyse and demonstrate how the supply chains of buildings, infrastructure and transportation can
be transformed to comply with the Swedish target of net zero
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Figure 1. Historical climate impact related to the heating of buildings and from building and construction processes in Sweden and emission
reduction required to meet the goal net zero greenhouse gas (GHG) emissions by the year 2045. Here, the demand (activity level) for
building and construction work has been assumed constant in the future. Adapted from: Erlandsson et al., 2017.
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Table 1. Overview of recent projects and initiatives aimed at improving the knowledge-base and reducing the climate impact from the construction process.
Project name

Description

Low Carbon Routemap for the
UK Built Environment (UK)

A project developed by The Green Construction Board.
Covers operational as well as embodied carbon emission
from both the buildings and infrastructure sectors. Explores
options to reduce GHG emissions from the user phase,
supply chain and construction activities for the UK built
environment (UKGBC, 2013).

PAS 2080:2016 Carbon management in infrastructure (UK)

Standard developed to assist infrastructure value chain
participants to cooperate in the development of low carbon
infrastructure projects. Provide a common language and
framework aimed at delivering reductions rather than simply
quantifying embodied emissions. Developed with the British
Standards Institution by Arup and Mott MacDonald with
guidance from the Green Construction Board (Enzer, 2016;
DBW, 2017).

Roadmap for a carbon neutral and competitive building
sector (Sweden)

Establishment of a roadmap for a carbon neutral and
competitive Swedish building sector in the year 2045.
Commenced initiative, with the ambition to increase
the awareness of the building sector’s climate impact
and highlight trends, motivations, barriers and business
opportunities; and ultimately establishing a common view of
actions and key decision points required to achieve a carbon
neutral and competitive building sector. The preparation
of the roadmap involves a broad representation of actors
across the Swedish construction sector.

Climate requirements on infrastructure (Sweden)

Since 2016 the Swedish Transport Administration applies
climate requirements in its procurement of major projects
and will gradually increase the requirements, with the aim of
the infrastructure being climate neutral by the middle of this
century (Swedish Transport Administration, 2015).

greenhouse gas (GHG) emissions by the year 2045. The supply
chain approach involves analysis of opportunities and barriers for mitigating carbon emissions along the industry supply
chains from the input of raw materials, over primary and secondary activities, to final products and services demanded by
the end user. The concept of supply chain refers to the crosssectoral networks of facilities and distribution channels that
facilitate the sourcing and primary production of materials,
as well as the further processing and assembly and delivery of
products or services to the customer, see e.g. Stevens (1990).
This is tightly linked to the concept of value chain, which focuses on the value creation and the margin which can be obtained from a certain supply-chain business (see original work
by Porter, 1985 as well as Mentzer et al., 2001 with references).
The Mistra Case study work is carried out in close collaboration with actors involved in the respective supply chain and
is supported by academic research work packages of the programme (MCE, 2018). The present work focuses on buildings
and transportation infrastructure.

Method
The case study work has been structured as a participatory integrated assessment (see e.g. Stalpers et al., 2008 and Salter et
al. 2010) involving five stages: I. Preparation, II. Framing and
identification of key challenges and opportunities, III. Case

study assessments, IV. Development of analysis of potential
Roadmap(s), and, V. Evaluation. Figure 2 provides an overview
of methodological approach.
The preparatory work (Stage I) involved identifying and inviting relevant experts and stakeholders, laying out a work plan and
preparing the first stakeholder workshop (Stage II) which was
dedicated to; i) jointly define and frame the problem, ii) create
a common understanding of the current status and current best
practices within different parts of the supply chains related to
Buildings and Transportation infrastructure, iii) select relevant
case study objects, and iv) to identify and rank key challenges
and knowledge gaps that need to be overcome to meet the goal
of net zero greenhouse gas (GHG) emissions by the year 2045.
The outcomes from the two first stages provide the basis of the
continued work which will include inquiring into selected case
study objects (Stage III), i.e., building or infrastructure projects
in the planning or construction stage, to explore how challenges
and opportunities related to the decarbonisation of the supply
chains for buildings and transport infrastructure are manifested
under different conditions and circumstances. In parallel, and
informed by the previous stages, a number of different roadmaps
will be developed and explored quantitatively and qualitatively to
assess the measures, policies and key decision points required to
achieve net-zero GHG emissions (Stage IV).
Whereas the academic research team, together with external
experts, will have the main responsibility for the analyses work
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PARTICIPATION

INTERACTION/APPROACH

III. Case studies

IV. Roadmap(s)

V. Evaluation

External experts

II. Framing and identification of key challenges/opportunities

Research team

I. Preparation

All stakeholders

Stakeholder workshops

Case specific

Qualitative/quantitative scenarios

All stakeholders

Stakeholder workshops

Figure 2. Outline of the methodological approach. Adapted from Stalpers et al., 2008 and Salter et al. 2010.

related to the construction projects short-listed for closer investigation and for designing the supply chain roadmaps iterative stakeholder workshops and case study meetings will ensure
continuous knowledge exchange and the involvement of the
stakeholders in the analysis and evaluation process (Stage V).
The work reported in this paper is based on initial analysis
of the supply chains from cement and steel to buildings and
infrastructure (cf. Rootzén and Johnsson, 2016; 2017a; 2017b)
and the outcomes from the two first stages (Stage I and II) of
the case study work, including a workshop and three case study
meetings involving some 30 stakeholders along the supply
chain; material suppliers, contractors, consultants, architects,
clients, governmental agencies, municipalities research institutes and universities.

First outcomes from the case study work
CURRENT STATUS

The amount of GHG emissions associated with the construction of a specific building or an infrastructure project obviously varies depending on type of structure and the choice of
material composition (e.g. type of infrastructure or choice of
building frame). However, five categories materials/activities
typically account for the majority of the GHG emissions associated with most construction projects:
• Concrete (mainly due to CO2 emissions from the cement

clinker production)

• Steel (reinforcement steel and construction steel)

It seems clear from the collective inventory work carried out
within the case studies, that there is a number of emission reduction measures which, at least theoretically, are realisable today and if fully realised could contribute to halving the climate
impact related to building and infrastructure construction in
Sweden. Key measures include:
• Increased use of cement clinker substitutes
• Shifts to alternative fuels in heavy transport/construction

machinery

• Material efficiency
• Recycling of asphalt
• Shifts to more CO2-lean materials (e.g. wood)

It is also clear that reducing GHG emissions beyond a certain
point (~50–100 %) will have to involve more transformative
shifts in the way building materials are produced and sourced
including, e.g.:
• Fuel shift and/or electrification in the cement industry
• Implementation of Carbon Capture and Storage (CCS) in

the cement industry

• Alternative steel production process, e.g. hydrogen based

steel making

• Shift to biomass based renewable bitumen
• Shifts to alternative drivetrains in heavy transport/construc-

tion machinery

• Heavy transports
• Construction machinery
• Asphalt (bitumen) and plastics

Figure 3 gives an approximation of the relative contribution
from different categories of materials/activities to the total climate impact of building/infrastructure projects in Sweden.
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MOVING FORWARD

The impression from the initial discussions with the stakeholders involved in the case study work is that there is a relative consensus with regards to the means available to tackle
the challenge of radically reducing the climate impact from
the building and infrastructure sector. Coordination and col-
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a) GHG emissions from building construction – tot. ~7 MtCO2-eq/year
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b) GHG emissions from infrastructure construction – tot. ~3 MtCO2-eq/year
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Figure 3. Relative contribution from different categories of materials/activities to the total climate impact of building or infrastructure
projects in Sweden. Based on data from Boverket, 2017, Erlandsson et al., 2017 and Trafikverket, 2017a.

laboration along the supply chains are seen as central both
for tapping the potential for early mitigation and for devising
and implementing the mechanisms that can incentivise the
development and deployment of transformative technologies
required to achieve zero GHG emissions. At the same time,
the challenge associated with the transformation required exhibits some of the features that often characterize collective action dilemmas (cf e.g. Ostrom, 2010). While sharing the same
overarching goal one of the challenges will be for the different
actors to find strategies to move forward at the same pace. The
challenge may also appear different, depending on where in
the supply chain a stakeholder/company is located. The basic
materials producer needs some form of assurance that an investment in a mitigation measure will repay itself, i.e. that there
will be a market for climate neutral materials. The contractor,
while able to choose between materials and activities with different climate impacts, needs to translate climate lean products
into business opportunities to create and capture the value of
climate neutral products and services. The procurer must, for
its part, find a strategy to formulate procurement requirements
so that they do not lead to lock-in effects (i.e. only including
incremental low-cost measures) and to adapt and tighten the
requirements at a pace and rate that incentivize rapid and extensive emission reductions on the supply side without being
unattainable.
In this context, it is also important to bear in mind that
while infrastructure and building construction obviously have
much in common when it comes to routines, equipment and
key materials and products – concrete and steel in particular
– there are also major differences with respect to possibilities
for substitution materials and practices. An important issue is
therefore to identify similarities and differences between the
construction processes of buildings and infrastructure and
analyse how the differences influence policy measures and
procurement practices.

Key opportunities and challenges

As stated above two overarching questions guiding the case
study work are:
Q1. How to realise the potential of the emission reduction
measures that have been shown to exist already today?
Q2. How to, as soon as possible, create the economic and
organisational conditions that will lay the foundations for
reaching zero or near-zero GHG emissions in the entire
supply chain – from raw materials to completed buildings
and infrastructure?
Although related, the two questions tend to be associated
with two quite different sets of opportunities and challenges.
Whereas the failure to realise the potential for existing emission
reduction measures (Q1) tends to be explained by factors such
as, e.g., implicit or explicit constraints within the organisations
of individual companies, inadequate communication between
actors in the supply chain, overly conservative regulations and
norms, or lack of information.
With respect to the second question (Q2) the task is to, already today, lay the foundation for a number of key technologies that will likely be required to achieve deep decarbonization
with a couple of decades, e.g. electric construction machines,
CCS and hydrogen reduced iron/steel. This involves, for example, adaptation of legislation, and innovative schemes to share
the risk and costs associated with developing and implementing new technology.
An important part of the first stages of the case study work
has been to identify and rank opportunities and challenges, key
issues and strategic choices, from the different stakeholder. As a
way of structuring the work opportunities/challenges has been
categorised in five categories. Table 2 provides a list of examples
of opportunities and challenges raised as particularly important in the first participatory workshop and in subsequent discussions. The following subsections describes, with somewhat
more depth, three of the focus areas that will be part of the
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Table 2. Examples of opportunities and challenges high-lighted in the initial scanning.
Category

Opportunities (+) and challenges (-)

Technology/materials

+ Breakthrough technologies/materials (e.g. 3D-printing and graphenereinforced concrete)
+ Set requirements for fossil free transports/construction machinery/mobility
solutions
– Streamlined logistics
– Possible limited supply of cement substitutes
– Uncertainties related to key technologies, e.g., hydrogen reduction and CCS

Organisation

+ Organization/Business model innovation
+ Digitalisation of information flows
+ Cascading goals
– Carbon management typically not prioritised in the early phases of a project
– Compartmentalization

Policy/financing

+ Innovative procurement practices
+ New policies and funding mechanisms aimed at transformative change
– Weak or no policy signals
– Lack of predictability and long-term ground rules

Technical regulations and norms

+ Requirements for EPD:s and carbon performance in national/municipalitylevel legislation/regulations
+ Overhaul of regulations/norms hindering innovation/mitigation
– New materials/products hindered by overly conservative regulations and
norms
– No standardized methods for assessing climate impact
– Complex chains/interactions between standards/regulations → no one has
the whole picture

Synergies/Conflicting goals

+ Avoid single policies for multiple goals
+ Cut carbon, cut costs, e.g., through efficient design
+ Design for recycling/reuse
+ Early movers could reap business opportunities abroad
– Costs for carbon mitigation vs. competitiveness
– Meeting the need for new construction vs. carbon mitigation
– Shorter/less bridges → barrier effects
– Limiting new construction (in the long term) vs. employment

a

See also the listing of key technical/material related emission reduction measures in the previous section ‘Current status’.

continuing case study work: method development, innovative
procurement practices and the potential fallacy of low hanging
fruits.
Method development for quantifying and reporting climate impact
from building and construction

There is still a lack of standardization with regards to methods
and tools for assessing, reporting the climate impact of building and infrastructure building process, on the project level as
well as the sector- societal level. While the knowledge base is
gradually growing, the lack of experience and standardization
makes it difficult for customers to properly appreciate and compare the climate impact of the building process and to plan and
formulate procurement requirements that could incentivise reductions in the climate impact.
Practitioners involved in climate assessments of buildings
and infrastructure tends to rely on tools and schemes that were

212 INDUSTRIAL EFFICIENCY 2018

original developed for other broader purposes including Environmental Product Declarations (EPD), Life Cycle Analysis
(LCA) tools, sustainability certification schemes like LEED,
CEEQUAL, BREEAM Infrastructure and their national specific
counterparts like Environmental building (‘Miljöbyggnad’) and
‘Svanen’ in the case of Sweden (see e.g. Raymond et al., 2013,
Impres, 2017 for a more comprehensive review). All of these fill
important roles as tools to assess, quantify and compare the climate impact of (i) individual products and building materials
(EPD and LCA), (ii) components combinations and building
elements (LCA), and (iii) the full building life cycle (LCA and
sustainability certification schemes). Yet, these tools tend to be
less equipped to address transformative shifts in technology
and practices across multi-actor supply chains over a decadal
timescale (Miller and Keoleian, 2015; Hanes and Carpenter,
2017), i.e. what relates to the research questions addressed in
the Mistra Carbon Exit programme. One of the aims of the case
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study work is to develop and implement assessment tools to
manage material and energy flows and corresponding GHG
emissions and costs along the supply chains for buildings and
infrastructure. This will enable analysts and stakeholders to
assess the measures, policies and key decision points required
to achieve net-zero emission. The tool will be based on an approach developed in previous works by the authors (Rootzén
and Johnsson 2016; 2017a; 2017b) and developed further based
on experiences from similar initiative and tools including the
Low Carbon Routemap for the UK Built Environment (UKGBC, 2013), The Carbon Infrastructure Transformation Tool
(CITT, 2017); the Materials Flow through Industry (MFI)
supply chain modeling tool (Hanes and Carpenter, 2017), Environmental indicators for construction and property management (Boverkets Miljöindikatorer) (Boverket, 2014) and
procurement requirements for road and rail installations, i.e.
the Swedish Transport Administration climate calculation tool
(Trafikverkets Klimatkalkyl) (Trafikverket, 2017b).
Innovative procurement practices

Total investments in buildings and infrastructures in Sweden
amounted to approximately 40 billion Euro in 2014 (SBI, 2015),
corresponding to around 10 percent of GDP. The split between
private and public investment varies somewhat from year to
year, but they each roughly account for half of the annual investments in buildings and infrastructure. The principle of
public procurement has the primary starting point to safeguard
competition and ensure compliance with the principles of
equal treatment and non-discrimination, but also allows public procurers to influence, through procurement requirements,
developments towards different social and environmental goals
(SOU 2013: 12). Private actors have even greater freedom of
action since their requirements and assessments do not have
to withstand a judicial review (Bröchner and Kadefors, 2009).
Overall, public procurers in governmental agencies, municipalities and county councils, by virtue of their significant purchasing power, play an important role as drivers and by setting
examples. In addition, private actors can help to increase the
volume of demand and to legitimize public strategies. As customers to the building and construction industry, this could
for example involve to; (i) specifying climate requirements in
a way that encourages incremental improvements within the
framework of existing procurement strategies in, but also to,
(ii) develop new procurement strategies that can support and
drive the development of more transformative solutions. Such
solutions can include both costly technological advances, innovative ways of organizing an activity as well as changing behaviours that make it possible to meet a specific need, but with
radically reduced climate impact (Pamlin, 2013).
The Swedish Transport Administration has begun work in
this direction by introducing climate requirements in its procurement of major projects and will gradually increase the requirements, with the aim of the infrastructure being climate
neutral by the middle of this century (Swedish Transport Administration, 2015). The Swedish Transport Administration,
which has an annual budget for maintenance and investment
in new infrastructure of around 5 billion Euros, and is the single largest final consumer of basic materials in Sweden (mainly
cement and reinforcement steel for Sweden’s road and rail infrastructure) is well positioned to contribute to pursue develop-
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ment of carbon-lean materials. The Swedish Transport Administration’s initiative already serves as an example of how to work
with procurement as a tool for reducing climate impact from
individual projects with a relatively complex supply chains.
The potential for public procurement as a tool to spur innovation, creating markets for low-CO2 products and opening
up for economies of scale generally remain underused (Chiappinelli, 2017). While both Swedish and EU legislation provide openings for green public procurement the lowest price
criterion tends to continue to dominate. Realising the full potential would entail clearer political priority and governance
structures as well as a building up of the administrative capacity and coordination and communication between authorities
(Chiappinelli, 2017).
The potential fallacy of low hanging fruits

Much like in the discussions related to the technical potential
for energy efficiency improvement the initial assessments of
the opportunities for reducing the climate impacts from building and infrastructure tends to be optimistic. As have been described above, early assessments suggest that as much as 50 %
of the climate impact from the construction process could be
mitigated by measures/technologies that already exists today.
There also seems to be a belief that many of these measures
could come at a low- or in some cases negative cost, ‘cut carbon – cut costs’ (Enzer, 2016; DBW, 2017). While this may
seem reassuring, it may be worth noting that experiences from
similar analyses in the energy efficiency field has not seldom
proven to be overly optimistic, i.e. the cost-effective level of
energy use, as estimated using techno-economic bottom-up
modelling, has not been realised under real market conditions
(see e.g. Jaffe and Stevins, 1994; Murphy and Jaccard, 2011 and
Ó Broin et al. 2015 and references therein). As the case study
work proceeds with assessing the potential for early mitigation
and with identifying means to realise this potential, to provide
a realistic guide, and to neither inflate expectations nor unnecessarily underestimate the potential for emissions reductions,
important insights may be gained from the literature discussing
the so called ‘energy efficiency gap. Concepts such as, transaction costs, principal-agent problems, bounded rationality,
behavioural anomalies, consumer heterogeneity, opportunity
costs and the risk aversion associated with the adoption of new
technologies (Ó Broin et al. 2015) may prove to be applicable
in the context of identifying opportunities and barriers to the
efforts to reduce the climate impact of the construction process
as well.

Concluding remarks
It is clear that no single actor has the means and tools required
to achieve the goal of net-zero GHG emissions from Swedish
construction and civil engineering projects. The case study
work and the platform it provides have proven to be a valuable for exchanging information and experiences, to learn from
each other, and co-produce new knowledge. Thus, the participatory inventory work performed within the work carried out
so far, has resulted in a better collective understanding of the
key opportunities, challenges and knowledge gaps that need to
be overcome to meet the goal of net zero GHG emissions by
the year 2045.
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The next step in the case study work will be to begin probing into the construction projects that has been singled out as
suitable for exploring how challenges and opportunities related
to the decarbonisation of the supply chains for buildings and
transport infrastructure are manifested under real market conditions. A number of cross-cutting focus areas that will be investigated throughout the Mistra Carbon Exit programme period have also been identified. First up is a study of the potential
for and consequences of scaling up the use alternative binders
in concrete production.
Although the findings reported in this paper draws primarily
on Swedish experiences and while some of the conclusions are
valid only under certain conditions and circumstances, many
of the challenges that have been raised here and that must be
overcome if to achieve a transition to zero-CO2 production and
practices in the supply chains for buildings and infrastructure
are universal (cf. e.g. UN Environment and International Energy Agency, 2017). Whereas rapid improvements of the climate
performance of the user phase of the existing and new building
stocks is a key priority in many parts of the world, it is equally
important to take measures to reduce the climate impact of the
construction process and the production and supply of building materials. From a global perspective, this is important, not
the least, since there are still many regions of the world where
much the of the buildings and the infrastructure to provide
shelter from the elements, mobility for people and goods, and
infrastructures for the supply of water, electricity and heat, remains to be built.
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