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Abstract
Research suggests that the construction industry plays a crucial role in the fight against
climate change and global warming. In 2010, the building sector answered for 30% of the
global CO2 emissions and 32% of the total energy use. By adopting life-cycle assessments
(LCA), the construction companies have a chance to improve indicators for economic, social
and environmental sustainability. The Swedish government is in the process of making
climate declarations of buildings, through LCA, a requirement to steer the industry towards
more sustainable development.
This study aims to show what barriers there are for wide adoption of LCA in the Swedish
construction sector today and how these barriers are related to the rate of adoption.
Furthermore, the study aims to investigate if there are differences in barriers between big and
small actors in the industry. The study is guided by the theory “Diffusion of Innovations” by
Everett Rodgers. The main method for data collection has been semi-structured interviews
with people in the Swedish construction industry.
The main barriers identified were lack of demand and lack of regulation. The study shows that
the relative advantage of LCA is not perceived as high enough for it to be widely adopted
without an increase in demand. It is also shown that high demand on a wide front is unlikely
to happen without regulation. Furthermore, this study shows that the barriers are the same for
actors of different sizes. The difference is the ability to deal with the barriers. Much of that
ability can be ascribed to how much resources are available within the company.
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Sammanfattning
Forskning tyder på att byggbranschen spelar en avgörande roll i kampen mot
klimatförändringar och global uppvärmning. Byggnadsbranschen svarade 2010 för 30% av de
globala koldioxidutsläppen och 32% av den totala energianvändningen. Genom att anta
livscykelanalyser (LCA) har byggföretagen möjlighet att förbättra indikatorerna för
ekonomisk, social och miljömässig hållbarhet. Den svenska regeringen håller på att göra
klimatdeklarationer av byggnader, genom LCA, till ett krav för att styra industrin mot en mer
hållbar utveckling.
Denna studie syftar till att visa vilka hinder det finns för bred implementering av LCA i den
svenska byggbranschen idag, och hur dessa hinder är relaterade till upptagandet. Vidare syftar
studien till att undersöka om det finns skillnader i hinder mellan stora och små aktörer i
branschen. Studien guidas av teorin "Diffusion of Innovations" av Everett Rodgers.
Huvudmetoden för datainsamling har varit semi-strukturerade intervjuer med utvalda
personer i den svenska byggbranschen.
De viktigaste hindren som identifierades är brist på efterfrågan och brist på reglering. Studien
visar att den relativa fördelen av LCA inte uppfattas som tillräckligt hög för att den ska vidtas
allmänt utan att efterfrågan ökar. Det visas också att hög efterfrågan på en bred front sannolikt
inte kommer att ske utan reglering. Vidare visar denna studie att hindren är desamma för
aktörer av olika storlekar. Skillnaden är förmågan att hantera barriärerna. Mycket av den
förmågan kan hänföras till hur mycket resurser som finns inom företaget.
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1 Introduction
During the 21st session of the confernece of parties to the United Nations Framework
Convention on Climate Change, held in Paris between November 30 and 11 December 2015,
an agreement was reached. The agreement was seen as a major turning point for policy in
human-induced climate change (Spash, 2016). The Paris agreement was adopted by 195
countries and it is the first universal, legally binding climate deal. The goal with the
agreement is to set the world on a course to avoid the dangerous effects of climate change by
limiting the global warming to well below 2°C. The EU was the first big economy to submit
its intended contribution to the agreement and binding target of at least 40% reduction of
green house gasses (GHG) domestically by 2030 compared to 1990 (Liobikienė and Butkus,
2017).
The Swedish government has decided that Sweden will be a leading force in the fight against
climate change. In June 2017 the government of Sweden took the decicion to introduce a
climate framework for the country. The goal with this framework is to have net zero
emissions of greenhouse gas going into the atmospere in Sweden by the year 2045 and after
that achieve negative emissions (Government 2018). In 2018, Boverket (Swedish National
Board of Housing, Building and Planning) released the report “Klimatdeklaration av
byggnader”, stating that the construction industry stands for 18% of the total emissions of
greenhouse gasses in Sweden. The report was ordered by the Swedish Government to get
suggestions on how to declare a buildings environmental impact during the buildings lifecycle. The report states that it will be the developers’ responsibility to declare these data but
in practice it will be the construction companies that performs the calculations themselves, or
with the help from consultants (Boverket 2018).
The construction industry is concerned with improving the economic, social and
environmental indicators of sustainability and by applying life-cycle assessment (LCA) these
aspects can be optimized (Ortiz et al., 2009). LCA is a methodology for evaluating the
environmental impact of processes and products during their life-cycle, from cradle to grave.
It has been used in the construction sector since 1990 and is an important tool for assessing
buildings (Ortiz et al., 2009).
This thesis explores the barriers related to wide adoption of LCA in the Swedish construction
industry, and investigates what the differences regarding these barriers are between actors
(clients, contractors/developers) of different sizes.

1.1 Background
The building industry plays a huge part if the 2°C climate goal from the Paris agreement is to
be met. The observed trend today is a steady increase of building energy use and this is
especially true in emerging economies (Grove-Smith et al., 2018). It is essential that these
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trends are counteracted, particularly in the light of population growth, changing life styles and
urbanization. The building sector has great potential to help reduce energy use and emissions
of greenhouse gasses (Ibid). For this to happen there is a need for clearly defined targets and
suitable metrics. There is also a need for effective policy packages to help drive the
development of efficient solutions in the building industry (Grove-Smith et al., 2018). People
around the world are becoming more and more aware of the environmental issues and due to
pressure from different government bodies and environmental activists etc. there has been a
lot of research done in the field of reducing the building sectors energy use and environmental
impact (Abd Rashid and Yusoff, 2015).
In 2010, the building sector stood for 30% of CO2 emissions and 32% of the final global
energy use (Grove-Smith et al., 2018). The buildings thermal energy (including heating,
cooling and hot water) answers for 55% of the total energy use and reducing emissions in the
building sector is recognized as being one of the most cost-effective actions to take in regard
to meeting the 2 °C climate targets (Grove-Smith et al., 2018). In a scenario where no actions
are taken, the global heating and cooling energy consumption for residential buildings is
going to increase by 80% between 2010 and 2050 (Urge-Vorsatz et al., 2015). The driving
factor for this increase in energy consumption is the increase in number of households. The
world’s population is projected to increase by 41% but the number of households will double
(115%) in the same period of time (Urge-Vorsatz et al., 2015). Studies also show that the size
of the households are decreasing due to urbanization, driving the energy usage up even more.
For commercial buildings, the increase in energy use is projected to be 75%. This is mostly
related to an increase in economy activity, and economy activity will increase much more
than population. The specific energy consumption is expected to decrease slightly in both
residential and commercial buildings due to continues efficiency gains etc. (Urge-Vorsatz et
al., 2015).
The energy use of buildings is going to be a challenge for future, it is however not the only
challenge in making buildings more environmentally sustainable. Research suggests that up to
40% of the life-cycle energy used in a residential building can be accounted for by the
embodied energy of building materials (Chen et al., 2001). If the total building energy system
is to be optimized the energy use during the buildings lifespan must be considered. When
looking at the energy use for the lifespan of a building there are three parts to consider;
embodied energy, operating energy and demolition energy (Chen et al., 2001). Life cycle
energy analysis (LCEA) is a detailed way to estimate total energy inputs, outputs and flows
through the life cycle of the building (Chastas et al., 2016). The embodied energy considers
the manufacturing of materials, the energy for construction, the repair, replacement and
maintenance of materials as well as the transportation to the construction site. Depending on
the system used, the embodied energy can also take into account the energy for demolition
and the transportation of materials at the end of their life (Ibid). The operating energy consist
of energy for cooling, heating ventilation, hot water, appliances and auxiliary systems of the
building. There are more simplified and analytical approaches described in literature but in
many case studies, the boundaries for the LCEA are not clearly defined (Chastas et al., 2016).
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For both LCEA and a life cycle assessment (LCA), the core is structured by the boundaries of
the system and the assumptions that are made for the calculations. When conducting an LCA
it is common to follow the framework provided by ISO14040:2006 (Chastas et al., 2016).
Even though most methods are based in ISO14040, they vary to suit different aims, scopes
and limitations. The idea with LCA in construction is to measure and evaluate a buildings
environmental impact during its life cycle, from cradle to grave (Abd Rashid and Yusoff,
2015). The concept of life cycle studies has been around for a long time and were mainly
developed in the 70s and 80s. LCA has been used to assess product development processes
from cradle to grave for many years, and it has been used in the construction sector since
1990 (Cabeza et al., 2014).
1.1.1 LCA in construction
For the construction industry, following the path of traditional LCA product evaluation, this
have meant several studies on the environmental impact of different building materials. The
aim of this past research has been to identify materials with significant environmental impact
and to enable selection of environmentally preferred materials instead (Cabeza et al., 2014).
Asif et al (2007) for example, conducted a detailed LCA of the five main materials (wood,
concrete, aluminum, glass and ceramic tiles) used in the construction of a three-bedroom
semidetached house in Scotland. The result of this study shows that concrete alone consumes
65% of the total embodied energy of the home. Furthermore, the study shows that concrete
and mortar were responsible for 99% of the total emissions of CO2 from the home
construction (Asif et al., 2007). The two main uses for LCA in the construction industry is
LCA for the building materials and component combination (BMCC), and the whole process
of the construction (WPC) (Ortiz et al., 2009).
When performing a complete life-cycle study there are generally four necessary interactive
steps to follow. The four steps are: goal and scope definition, inventory analysis, life-cycle
impact assessment and interpretation (Asif et al., 2007). The goal and scope definition
establishes the system boundaries and defines the goals and objectives of the LCA (Cabeza et
al., 2014). The inventory analysis tackles the collection and synthesis of information on the
materials and energy flows in different stages of the products life cycle. In the life-cycle
impact assessment, the environmental impact of flows of material and energy are divided up
in different environmental impact categories (ozone depletion, climate change, resource
depletion, land use, ecotoxicity, human toxicity, acidification, eutrophication and
photochemical ozone formation) (Ibid). The final step, life cycle interpretations, deals with
the interpretation of the results from both the life-cycle impact and the life-cycle inventory
analysis (Cabeza et al., 2014). This involves making improvements to reduce the
environmental impact of the product or system by taking an objective view of the whole lifecycle and evaluating the impact changes could have on the environment (Asif et al., 2007).
The basic requirements for LCA in all sectors are based in ISO 14040 and ISO 14044
standards (Bruce-Hyrkas et al., 2018). There are specific requirements for the construction
sector and these are found in the CEN/TC350 “Sustainability of Construction Works” and in
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the building LCA standard EN 15978 “Sustainability of construction works”. The method
described for calculations in EN 15978 is de facto building LCA methodology (Ibid). In 2017,
the European Commission published a framework for sustainability performance of buildings.
The framework provides a uniform set of key indicators to improve sustainability of buildings
and is based on the European EN standards (Bruce-Hyrkas et al., 2018).
Drivers for adopting LCA in the construction industry is related to the use of life-cycle
methodology in green building certification schemes and the need to assess buildings
environmental performance in a manner that will cover the life span of the building, and not
only the construction (Bruce-Hyrkas et al., 2018). LCA can also help create incentives for
manufacturers of building materials to innovate products with less emissions. If the emission
of products used in the construction industry does not get measured there will be no demand
for less emitting products (Bruce-Hyrkas et al., 2018).
The use of LCA, as tool for environmental and economical sustainability, has been a major
subject for discussion over the last decades (D'Incognito et al., 2015). There is a strong
theoretical background for this innovative approach but it has been proven complicated to
implement in the everyday practice (Ibid). In those cases when the implementation of LCA
has been successful, it has proven useful for environmental and economic sustainability in
several industrial sectors (Ibid). The construction sector has however been reluctant to adopt
innovations from other sectors and the implementation of LCA on a bigger scale has been
slow despite the quite large amount of research available on the subject (D'Incognito et al.,
2015).
One possible reasons for the slow implementation of LCA in the construction industry is the
gap between theory and practice (D'Incognito et al., 2015). Other issues for successful
adoption of LCA are for example lack of quality input data and inappropriate methodologies
and tools (Ibid). Another barrier for mass adoption of LCA in construction projects is the
complexity of the process and the results, which often means that an expert must be involved
(Antón and Díaz, 2014). Furthermore, there is a lack of standardization with regards to the
application since the ISO standards only contain recommendations (Ibid).

1.2 Aim
The use of LCA is not completely new in the construction industry, it is however new to most
actors on the Swedish market. To help ease the process of implementation and shed some
light on the challenges ahead, this study aims to identify the main barriers for wide adoption
of LCA in the Swedish construction industry, and to investigate how the barriers might differ
between big and small actors (clients, contractors/developers).
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1.3 Research questions
The following questions have been formulated to achieve the aim.



What are the barriers for wide adoption of LCA in the Swedish construction sector?
Is there a difference in barriers depending on the size of the actor?

1.4 Scope
This study is limited to the Swedish market. Some actors (respondents) are present on the
Stockholm market, and some surrounding municipalities only, while others are present
nationwide. The short time frame for this study has limited the number of respondents, as well
as how deep the study can go. The small number of respondents and the geographical
limitations might lead to results that does not reflect the market as a whole.
In this study LCA is thought of as a method to calculate climate impact for buildings.
Furthermore, this study does not mean to evaluate if LCA is suitable or not for the Swedish
construction industry.
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2 Literature review
In this chapter barriers for adoption of LCA, described in previous research will be presented.
The literature review is a summary of articles related to the research questions.

2.1 Barriers
2.1.1 Economic
The economic aspect of sustainable building compared to traditional building is also often
addressed as a barrier for adoption of sustainable building solutions. There is a fear of higher
investment cost and clients are concerned with higher risk based on unfamiliar techniques,
lack of support from suppliers and manufacturers, lack of performance information, lack of
experience and additional inspection and testing in construction (Häkkinen and Belloni,
2011). There is also a risk that higher cost might occur from higher consultant’s fees and from
the new challenges the design team and contractor might face with a sustainable building
solution (Hydes and Creech, 2000). Testa et al (2016) also points to the high costs involved
for consultants and software as barriers to LCA. This drawback is experienced both by
companies that needs to aquire the necessary skills and companies that have built up an
internal capacity to develop an LCA (Testa et al., 2016). Several studies show that fear of
additional construction cost is a barrier for wide adoption of sustainable design solutions
(Häkkinen and Belloni, 2011). In the study by Schlanbusch et al (2016) many respondents
indicated that performing building LCA is expensive when asked about the challenges of
practical application of LCA in their businesses. The high cost of LCA software is also listed
as a barrier for LCA in the construction industry in several studies (Bribian et al., 2009),
(Testa et al., 2016).
2.1.2 Data
According to Antón and Díaz, the lack of quality data is one of the biggest limitations of
LCA. The result of the assessment is dependent on the quality of the input data used. If the
data available is not comprehensive and regularly updated, assumptions sometimes must be
made and the accuracy of the assessment will decrease (Antón and Díaz, 2014). Lamé et al
(2017) also points out that the difficulty in obtaining data for different materials is a barrier
for implementation of LCA. Data and information collection from suppliers is considered
most difficult but even internal data collection has proven difficult. An LCA study does not
only need environmental data but also data from sales, production, distribution, logistics,
purchases and R&S, as well as how the product is being used by clients (Testa et al., 2016).
Furthermore, there is usually a problem with lack of information early in construction projects
which means that LCA often is performed late in the projects (Antón and Díaz, 2014). The
use of LCA methodology necessitates detailed data of the building, and it is a well-known
problem that LCA is problematic to apply in the early design phases when decision support is
the most useful and needed (Schlanbusch et al., 2016). This is backed up by Lamé et al
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(2017), who states that one barrier for LCA is that it comes to late, at the end of the design
process when modifications are costly. There is a need to develop common databases and
implement protocols for collection, verification, updating and summarizing data into a usable
form (Singh et al., 2010).
2.1.3 Time constraints
Several studies highlight that the LCA work is too time-consuming (Schlanbusch et al., 2016).
One participant in the study by Schlanbusch et al (2016) commented “Depending on the scope
set in the project, performing a full-building LCA, at stages where the results can influence
choices made, can be very time consuming. Attention to detail in terms of quantifying the
whole building and the entire lifecycle might reduce the resources avalable for identifying,
analysing and adressing big-hitters”. Furthermore, there is often a lack of time for data
collection from suppliers as well as from inside the organization (Testa et al., 2016).
2.1.4 Communication
Lamé et al (2017) raises the subject of communication as a barrier for exploitation of LCA
results within and outside companies. The first communication barrier is that the value of
LCA is not clearly perceived i.e. there is a lack of demand. Secondly, LCA, when included in
certification schemes, does not give enough points. Thirdly, people do not know which impact
category to focus their development on because the LCA methods do not give priorities
between the different categories. Furthermore, there are important sustainability factors that
are not included in LCA such as internal air quality and local biodiversity. Finally, all LCA
software are not compatible with certification frameworks such as BREEAM (Lamé et al.,
2017). Additionally, research indicates that LCA-based information can be effectively used in
advertising, in enhancing the attitude towards the company and in influencing purchasing
behavior positively; however, the information is often viewed as complex and there is a risk
of information overload for the customer which limits its application (Testa et al., 2016). If
the results are too difficult to interpret they are hard to communicate to the target audience
(Testa et al., 2015).
2.1.5 Tools and methods
Another reason that LCA is not widely used in construction is that the methodology is more
suited for industrialized processes. Construction projects have a number of unique features
and are made up of a variety of different elements, materials etc., all with different
characteristics. This together with the long lifespan of buildings etc. makes it difficult to
assess the environmental impact during the life-cycle (Antón and Díaz, 2014). This is also
stated by Singh et al (2010), who adds that building development is site-specific which means
there are local differences in impact to consider (Singh et al., 2010). The complex
methodology and complex software are significant barriers for LCA (D'Incognito et al.,
2015).
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2.1.6 Demand and client understanding
The demand from clients can be a major barrier for adoption of LCA and sustainable building.
Without demand and willingness from clients the development will be hindered. Demand is
closely linked to issues such as knowledge, supply, methods, value and cost (Häkkinen and
Belloni, 2011). Respondent in the study by (Schlanbusch et al., 2016) commented that from
their perspective there is little market demand for LCA.
2.1.7 Procurement and tendering
The difficulty of defining measurable requirements in procurement and tendering is a major
barrier for sustainable building according to Häkkinen and Belloni (2011). The low-risk
culture in the construction industry and the focus on price in procurement, has lead the issue
of sustainability to an act of faith instead of a contractual deliverable (Adetunji et al., 2008).
2.1.8 Cooperation and networking
A surprising discovery by Testa et al (2016) was that LCA does not improve relations with
suppliers. Their research suggests that suppliers does not get any clear value or advantage by
giving their clients the information needed for an LCA. There reaason for this may be that the
suppliers feel they will receive judgement on the data they present and that it will affect the
their success on the market in the future (Testa et al., 2016).
2.1.9 Standardization
According to Singh et al (2010) there is a need for standardization of indicators specific for
the construction sector, to provide consistency in the assessments. Furthermore, there is a
need to develop standards that are site specific (Singh et al., 2010). As life-cycle analysis
becomes more integrated in marketing and policy there will be a need for a more defined
framework for building LCA (Buyle et al., 2013).
2.1.10 Comparison of results
The difficulty of comparing results of LCA have been discussed in several studies (Anand and
Amor, 2017). It is a big challenge to express targets and requirements clearly and there is a
need for methods that enables comparison, monitoring and quality control (Häkkinen and
Belloni, 2011). A comparison of the results of an LCA is only meaningful if the subjects that
are being compared have the exact same function in accordance with their scope definition
and goals (Buyle et al., 2013; (Rønning and Brekke, 2014). It is also hard to evaluate if a
project is performing well or if it should be improved, due to a lack of references to which a
project can be compared with (Testa et al., 2016).
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2.1.11 Steering mechanisms
There are different kinds of instruments used for steering sustainable building (Häkkinen and
Belloni, 2011). In a study by (ürge-Vorsatz et al., 2007), building codes, appliance standards,
building codes, tax exemptions or reductions, energy efficiency obligations and DSM
programs were shown to be especially effective policy instruments in reducing emissions. The
wrong kind of steering however, can hinder the adoption of sustainable building solutions
(Häkkinen and Belloni, 2011). In a study by Bribian et al (2009) lack of legal requirments and
incentives are identified as barriers.
2.1.12 Knowledge
Difficulty of understanding and applying the results from LCA are described as barriers by
Bribian et al (2009). The lack of knowledge and expertise is a big barrier for LCA, especially
when it comes to smaller actors (Clark and de Leeuw, 1999). Testa et al., (2016) states that
the missconceptions of nonadopters of LCA indicates that an increase in awaremess is key to
wide adoption and the success of LCA.
2.1.13 Organizational culture
In a study by (D'Incognito et al., 2015), experts identified organizational culture as the most
relevant barrier for adoption of LCA techniques in the built environment. The construction
industry is in the study construction sector is described as conservative and unwilling to
change.
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3 Theoretical framework
3.1 Diffusion of innovation
Rodgers (1962) theory of diffusion of innovation and adoption is a systematic framework to
help describe the non-adoption or adoption of new technology (MacVaugh and Schiavone,
2010). Diffusion is the “process by which an innovation is communicated through certain
channels over time among the members of a social system” (Rodgers, 1983 p.5). When
talking about diffusion, the communication is regarding new ideas. Rodgers (1983 p.11)
defines innovation as “an idea, practice, or object that is perceived as new by an individual or
other unit of adoption”. In this study LCA is considered an innovation.
The book “Diffusion of Innovation” is one of the most cited books in social sciences and
provides an extensive theory on how innovation spread in a social system (Backer, 2005).
Since the construction sector is made up of a multitude of parties and many complex
interconnected systems the innovations characteristics will affect different parties in different
ways. Most theories regarding the diffusion of innovation have been developed with the
manufacturing industry in mind. It is important to understand the sector specific
characteristics when discussing how innovation is best executed and communicated. In
traditional innovation theory, innovation is also seen as dependent on long term economical
strategies, which is not the case in the project based construction industry (Widén and
Hansson, 2007).

3.2 The four main elements of diffusion
3.2.1 Characteristics of the innovation
How individuals perceive the characteristics of an innovation can help to explain different
innovations rate of adoption. Innovations that are perceived as having greater compatibility,
trialability, relative advantage, observability and less complexity are generally adopted more
rapidly (Rodgers, 1983). Rate of adoption is the relative speed with which members of a
social system adopts an innovation. The rate of adoption is usually measured by the number
of individuals (or organizations etc.) that adopt a new idea in a specified period of time.
Rogers suggests that 49 to 87 percent of the variance in the rate of adoption can be explained
by five attributes mentioned above.
Relative advantage is the degree to which an innovation is viewed as superior to the idea it
supersedes. The relative advantage is usually expressed in status giving, economic
profitability etc. The specific type of relative advantage differs depending on the nature of the
innovation and what the adopters find important. When the price of a new product or
innovation decrease during the diffusion process, the rate of adoption is accelerated. The
relative advantage and characteristics of an innovation can also change with the rate of
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adoption as the innovation diffuses. Profitability is obviously of importance for the rate of
adoption but it is not the only predictor. Some studies have shown that profitability together
with observability are the most important factors for determining the rate of adoption for an
innovation. Other studies show that profitability and compatibility are complements in
explaining the rate of adoption (Rodgers, 1983)
Social status is also an important motivation when it comes to adopting innovation. Status
motivation as a factor for adoption seem to be less important for the late majority and the
laggards compared with the innovators, the early adopters and the early majority who seem to
have a stronger concern with the status aspect (Rodgers, 1983).
A way for change agencies to increase the degree of relative advantage is to award incentives.
Incentives are direct or indirect payments to the organization to encourage behavioral change
and often this change is the adoption of an innovation (Rodgers, 1983).
The diffusion of an innovation is a process to reduce uncertainty. When an organization is
going through the process of deciding if the adoption of an innovation is motivated they seek
information in order to decrease uncertainty. Relative advantage is often the content of
messages about the innovation within a network, and the exchange of evaluation information
is the core of the diffusion process (Rodgers, 1983).
Compatibility is the degree to which an innovation is viewed as suitable to the needs of the
potential adopter, their past experiences and existing values. With an idea that is more
compatible, there is less uncertainty for the potential adopter. Compatibility with client needs
for innovation, with sociocultural values and beliefs, and previously introduced ideas are all
important factors for adoption (Rodgers, 1983).
Complexity is the degree to which an innovation is viewed as difficult to use and understand.
An innovation that is perceived as complex has a lower rate of adoption (Rodgers, 1983).
Trialability is the degree to which an innovation can be tested and experimented with on a
limited basis. An innovation that can be tried is less uncertain for the adopter and will
generally be adopted more rapidly. It is suggested that innovations that are viewed as easy to
test have a higher rate of adoption (Rodgers, 1983).
Observability is the degree to which the results of an innovation can be seen by others. Some
innovations and ideas are difficult to describe to others, and some innovations are easily
observed and communicated to others. An innovation that is viewed as observable is
suggested to have a higher rate of adoption (Rodgers, 1983).
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3.2.2 Communication channels
Communication is here defined as “the process by which participants create and share
information with one another in order to reach a mutual understanding” (Rogers, 1983 p.18).
Diffusion is a specific type of communication where the exchange of information is regarding
a new idea. In the most basic form the process involves: (1) an innovation, (2) a unit of
adoption (individual, organization etc.) that has knowledge about the innovation or experience
using it, (3) a unit of adoption (individual, organization etc.) that does not have knowledge of
the innovation, and (4) a channel of communication between the two units. The
communication channel is the means by which messages between the units travel. Examples
of communication channels are newspaper, television and so on. These types of
communication channels are effective when wanting to reach a big audience but interpersonal
channels, involving face-to-face exchanges, are more effective when trying to persuade an
individual to adopt new ideas. Various diffusion investigations show that most individuals
depend mainly on the information and experiences communicated by near-peers that have
previously adopted the innovation, and not scientific studies, when deciding to adopt new
ideas. Individuals (or organizations) that are alike when it comes to beliefs, education, social
status etc. are also more likely to have effective communication (Rodgers, 1983).
3.2.3 Time
Time is an important component in the diffusion process. Time is a big part of the innovationdecision process where an individual (or organization etc.) passes through different phases.
The innovation-decision process is usually much more complicated when the decision is made
by an organization, rather than by an individual (Rodgers, 1983).
Knowledge  Persuasion  Decision  Implementation  Confirmation
Knowledge occurs when a decision-making unit (individual, organization etc.) learns about a
new innovations existence and develop an understanding about its function. Persuasion
occurs when a decision-making unit develops a favorable or unfavorable attitude regarding
the innovation. Decision occurs when a decision-making unit engages in work that results in a
choice to reject or adopt the innovation. Implementation occurs when a decision-making unit
start using the innovation. Confirmation occurs when a decision-making unit looks for
confirmation of an innovation decision that has previously been made, but the decision can be
reversed if the individual (or organization) is exposed to contradictory messages about the
innovation (Rodgers, 1983).

3.2.4 Social system
Rogers defines a social system as a “set of interrelated units that are engaged in joint problem
solving to accomplish a common goal” (Rodgers p.24). The members of a social system can
be individuals, organizations, informal groups etc. In any social system, there can be both
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innovative opinion leaders and leaders who oppose innovation and change. These influential
leaders can either promote new ideas or they can lead active oppositions. Norms also play a
big part within the social system. Norms are the established behavioral patterns or
“guidelines” for the members of a system and can be a barrier for change (Rodgers, 1983).
The social system has an important influence on the diffusion of innovation. Ideas can be
rejected or adopted by individuals within the system or by the entire social system (Rodgers,
1983).
Optional innovation-decisions are choices to reject or adopt a new idea, made by an
individual unit, regardless of the decision of other members in the system.
Collective innovation decisions are choices to reject or adopt a new idea, made by all
members in the system in agreement. When the decision is made, all units usually must
conform to systems decision.
Authority innovation decisions are choices to reject or adopt a new idea, made by a few
units in the system who possess status, power and technical expertise (Rodgers, 1983).
Adopter categories
Innovativeness is the degree to which a unit in the social system adopts new ideas early,
relative to other members of the system. Rogers classifies the members of a social system
based on their innovativeness: innovators, early adopters, early majority, late majority and
laggards. For an innovation to sustain itself it is important that it is adopted by the broad
masses (Rodgers, 1983).
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4 Method
4.1 Qualitative method
This study has a qualitative research design with an exploratory purpose. Exploratory research
is way to ask open questions about the topic of interest to find out what is happening and gain
insight. The questions (research and data collection) often begin with “how” or “what” and
exploratory studies are useful when you want to clarify your understanding of an issue,
phenomenon or problem. Exploratory research can be conducted by interviewing experts in
the field, through in-depth interviews with individuals or a focus group and through a search
of literature. The advantage of exploratory research is that it is flexible and adaptive to
change. When new data appear and insights occur, the researcher conducting exploratory
research must be willing to change direction. The research often starts wide and narrows in
focus as the research progresses (Saunders et al., 2016). Semi-structured interviews were
chosen to be a part of the research design because they allow for probing of the answers,
letting the respondents explain or build on their responses. This can result in a more detailed
and rich set of data (Ibid).
The work with this study was initiated by deciding on an area of research from where the aim
of the study could be developed. When the overall aim had been established, a literature
review was undertaken to get a clear picture of what previously has been done in the field of
research and to get an idea of any gaps in the research. The aim of the study was then adjusted
and the research questions formulated. The literature review in this study is presented as a
summary of previous research connected to the research questions. The literature review was
followed by a study of different theories to be used, together with the literature review, as the
base for the discussion. The chosen theoretical framework was then summarized for
presentation in the report.
After the literature review was conducted and the theoretical framework chosen, the semistructured interviews were held to gather qualitative data. An interview template based on the
literature review and framework was used during the interviews and the interviews were
transcribed as soon as possible afterwards. The data developed were then structured in the
findings chapter, according to the barriers identified during the interviews. The empirical data
were then categorized according to the theoretical framework in the discussion chapter, and
discussed in relation to earlier research. Based on this a conclusion and ideas for future
research were formulated.

4.2 Semi-structured interviews
Semi-structured interviews have been held with people from different types of actors (clients,
contractors/developers, consultant firm, research institute) in the Swedish construction sector
to get a better understanding of how they perceive the barriers for wide adoption of LCA in
the construction industry. Semi-structured interviews are a good way to narrow down areas
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and topics (Rabionet, 2011). There were some specific topics that needed to be covered, but at
the same time it was important that the participants had a chance to tell their stories (Ibid).
One of the main advantages with using this type interview is that the method has been found
to be successful in enabling reciprocity between the participant and the interviewer (Kallio et
al., 2016). The interviews were, when possible, held face to face to ensure that both verbal
and non-verbal communication were optimized. Face to face interviews also allowed for more
interaction and possibilities to clarify questions etc. In cases when face to face interviews
were not an option, the interview was conducted over the phone. There are some possible
disadvantages with using semi-structured interviews. Possible disadvantages could be for
example that the presence of the interviewer influences the participant or that the participant
feels inhibited when asked to respond to sensitive questions (McIntosh and Morse, 2015).
Furthermore, there are studies pointing to a slight advantage in yielding quality data when
performing face to face interviews compared to phone interviews (Knox and Burkard, 2009).
To be able to perform during interviews, the interviews were planned in advance and the
author made sure to have a good understanding of the subject beforehand. A “pilot” interview
was conducted to test the suitability of the chosen area of research, to test the interview
questions and have time to reformulate them if needed (Kallio et al., 2016). During the
interviews, an interview template (Appendix 1) with some key questions and themes that were
relevant to the research questions were used. Some questions were omitted and others added
to the interview depending on flow of the conversation. The interviews were recorded, and
transcribed, to ensure that all data was captured (Saunders et al., 2016). In total 10 people
were interviewed and the average interview lasted for 40 minutes.

4.3 Sampling
The respondents in this study are from different types of actors (contractors, clients,
consultants, researchers), of different sizes, in the Swedish construction industry. The
sampling technique chosen for this study was self-selection which is useful for exploratory
studies (Saunders et al., 2016). To ensure a spread in respondents, and to get a wide picture of
the research questions, the selection process was aimed at people that was thought able to
provide the greatest value for the study. Since the study aims to investigate barriers for wide
adoption of LCA, most people asked to participate had previous knowledge of LCA in
construction. The study also aims to investigate the differences in barriers between big and
small actors which is why some respondents were chosen from actors of a specific size,
regardless of previous experience with LCA in construction. Organizations are in this study
considered small if there are less than 50 employees, medium if there is between 50 and 250
employees and big if there are over 250 employees.
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Respondent

Title

Actor

Respondent A

Business
developer
Head of green
development

Research institute

Sustainable
business
developer
Environmental
business support
and development
Environmental
consultant
Head of
environmental
department
CEO

Big
contractor/developer A

Respondent B

Respondent C

Respondent D

Respondent E
Respondent F

Respondent G
Respondent H
Respondent I
Respondent J

Construction
manager
Quality manager
Sustainability
strategist

Big
contractor/developer A

Years in
Experience
construction with LCA
30
Yes
11 (at
current
employer)
4

Yes

Big
contractor/developer B

8 (at current
employer)

Yes

Big consultant firm

2

Yes

Big client / developer

10

Yes

Small
contractor/developer
Medium
contractor/developer A
Medium
contractor/developer A
Big
contractor/developer C

34

No

7

No

2

No

5

Yes

Yes

Figure 1 Respondents in this study

4.4 Method of analysis
The barriers identified in the literature review and by the respondents have been analyzed
with the theoretical framework in mind. Some barriers identified in literature have been
grouped together in the discussion to better reflect how they relate to barriers identified by the
respondents in this study. Furthermore, some barriers for LCA found in literature, and in this
study, were not studied deeper due to time constraints and because they were not seen to
affect the rate of adoption in a major way, according to “Diffusion of Innovation” by Rodgers
(1983). The barriers identified in literature, and in this study, have also been analyzed with
regards to how they affect big and small companies differently.
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4.5 Validity and Reliability
Semi-structured interviews are impossible to replicate because the answers are the
respondent’s personal opinions, experiences and perceptions. It is therefore hard to claim full
reliability of the results. To strengthen the reliability an interview template was used and all
steps in the study have been documented (Denscombe, 2014).
Since the interviews have been semi-structured, allowing the respondent to somewhat lead the
conversation, some questions in the interview template have been answered in conversation
before being asked by the author. This means the order of the answers can differ between the
interviews. This has raised some questions about the reliability but according to Barribal and
While (1994), the reliability and validity of semi-structured interviews are not dependent on
the use of the same sequence of the questions or the same words in the questions, but on
conveying the same meaning. The equivalence of meaning in the interview questions helps
facilitate comparability (Barriball and While, 1994).
The validity of the results is strengthened by thoroughly describing the process of how the
data is produced and treated (Denscombe, 2014). Furthermore, motivating the choice of
respondents, methods, and previous research to base this study on, also helps improving the
validity. The validity of data is also strengthened by the confidentiality of the respondents, in
the sense that they can speak more freely without risk of repercussions or of being identified.

4.6 Ethical considerations
All respondents taking part in this study have been informed about the purpose of the study
and have had opportunity to ask questions about the study. It has also been made clear to the
participants that they participate freely and have the right to end the interview at any point,
and can chose not to answer questions. The respondents have also been informed that the
interviews are being recorded and have agreed to this. The respondents have been able to
control their answers by being offered a copy of the audio-file and the transcribed file.
Furthermore, the respondents in this study are not mentioned by name and have instead been
given a title. The study has not included any confidential or sensitive material and the
collected material have been stored safely at the authors personal computer. The participants
have been informed that the data produced during this study, is used for this study only, and
will not be shared anywhere else. Finally, GDPR has been considered throughout the work
with this study.
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5 Findings
In this chapter, the findings from this study is presented. The findings are a summary of the
data collected through semi-structured interviews and the data is structured according to the
barriers for wide implementation of LCA in the construction industry, identified by the
respondents in the study. The findings are interpreted based on “Diffusion of Innovation” by
Rodgers (1983).

5.1 LCA for construction
Most respondents in this study are positive to the use of LCA as a method to calculate
environmental impact of buildings. Several respondents agree that it is a good tool for
validating the emissions in construction projects but that the real benefit of LCA comes when
the results from the analysis is used as a base for decision making. “Just being able to
calculate is not the end goal, we don’t improve our climate impact by calculating, but by
calculating we can start seeing the effect of alternative solutions” – Respondent J. During the
interviews, LCA is recognized as the best option for assessing the climate impact of
construction projects. All the respondents are of the opinion that the construction industry
generally is slow in accepting and implementing innovation.

5.2 Main barriers for wide adoption
5.2.1 Demand
All the respondents list “no demand” as the main barriers for adoption of LCA, and the
biggest reason that wide adoption of has been slow in the construction industry. Respondent
A, believes that if LCA becomes a requirement to do business, most other barriers will
disappear. “Focus has been on simplifying the methodology and things like that. All those
things will work themselves out if it just becomes a requirement.”. – Respondent A.
Respondent E says that LCA has been available, and talked about, in the construction industry
for a long time but since there has been no demand from clients or green building
certifications until now, there has been no incentives for construction companies to start
implementing it. Most companies that does an LCA today, do it because a simple LCA is part
of the requirements for some of the green building certificates. Some companies do it because
of internal goals, but then they have often received money from some organization to develop
a building with a certain percentage less CO2 emissions, as part of plan to reduce emissions in
their future projects. “You can’t do a full analysis of a building unless you have an incentive
to do so” – Respondent E.
Respondents B says that the work with LCA has not been prioritized and that it is something
companies has chosen to ignore because it has not been a requirement. “If you don’t have
enough time, you will skip things you are not required to do, obviously”. They continue by
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stating that when regulation is in place, the actors will no longer have the choice to stay on the
side lines. Respondent D and J agrees that the low demand has been a major barrier but
believes that barrier will be going away with the introduction of the proposed law regarding
climate declaration of buildings. “For it to be widely adopted by all types and sizes of clients,
and all types and sizes of contractors, I think it is positive if it becomes required by law” –
Respondent D.
Another thing that is lifted by respondents’ F and A, is that if the there is no demand on the
producers of building materials to provide environmental product declarations (EPD), they
will not do it. Respondent F says the reason for this is that the process of producing the data is
costly and requires that the producers have the necessary skills and knowledge. Another thing
lifted by respondent F is that there is not any demand for “climate smart” buildings from the
buyers of apartments. This is backed by respondent G who says that people are not willing to
pay more for apartments that are more environmental friendly and that it therefore is a limited
market. According to respondent F there is also a fear among clients to set high demands
because it could lead to contractors putting the price up, making it too expensive to even get
the project of the ground.
According to “Diffusion of Innovation” (Rodgers, 1983) the social system has an important
influence on the rate of adoption. Because of the low demand for LCA in the construction
industry, the adoption rate has been low. The early adopters of LCA in the Swedish
construction industry are few but they are actors with power, resources and expertise. These
actors have a lot of influence over what is happening in the industry and will help drive the
adoption by removing uncertainty among other actors. For the rate of adoption to really pick
up the respondents describe a need for a collective decision among the clients in the social
system to adopt LCA as way to formulate climate demands.
5.2.2 Knowledge
Another big barrier for wide implementation highlighted in the interviews is “lack of
knowledge” Respondent A claims that today, anyone can learn the basics of LCA during a
five-minute presentation. For more complex analysis there is obviously need for a lot more
knowledge and information, but all that is connected to the lack of requirements. Everybody
doesn’t need to know everything but when it becomes a requirement, people will educate
themselves. Respondent E agrees with this saying that “It´s just that people haven’t started to
learn yet and perceives it as super complicated”. They continue by stating that the tools
available for basic LCA calculations today are easy to learn. Respondent B also points out
that most of the barriers regarding the implementation of LCA are based in the lack of
knowledge. They continue by saying that some actors have worked with this for years and
have the knowledge but for the majority it is new and will take time to learn and integrate it in
existing processes. Respondent D calls for education in LCA, supplied by for example
Boverket. They continue by stating that if there is described way of working, all different
companies do not have to spend a lot of time figuring it out on their own, which is good for
companies with limited resources. Respondent F also believes that the lack of knowledge is a
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major barrier even if it has improved a little bit over the years. “The knowledge is still low
regarding life-cycle analysis in the construction sector I would say, and it was even lower in
the early 2000s” – Respondent F.
Another thing that is emphasized by several respondents is that there is a need for a lot more
knowledge among the clients for them to be able to formulate demands. Respondent F for
example says that they are trying to figure out how to formulate demands without excluding a
lot of the small actors, that doesn’t have experience and knowledge in LCA, and at the same
time make a difference when it comes to the environmental aspect. At the moment, they find
the best way to this, is indirectly through certification systems that includes LCA, in this case
Mijöbyggnad 3.0. “For now, I have landed in that certification schemes are one way to
formulate climate demands indirectly by pointing to a system, but I would like to sharpen the
requirements even more” – Respondent F. Furthermore, respondent F believes that the
government through the municipalities etc. should be leading the way when it comes to
formulating climate demands for the construction sector and that there is a need for guidance
when it comes to the climate criteria during procurement. Respondent B and G are also of the
opinion that a lot more knowledge is needed among the clients. They describe occurrences
where the municipality is not aware of what they are demanding, which leads to high tenders
from the contractors and finally revisions where the demands are taken out completely. “I
find it a little bit annoying, that the municipality demand things that they later do not follow
up on” - Respondent G.
The lack of knowledge relates to the time aspect of “Diffusion of Innovation” (Rodgers,
1983). An innovation needs to pass through different phases in the innovation-decision
process before being adopted. Knowledge is the first step in this process, where the
organization develops an understanding about the innovations function. The respondents
describe LCA as new to most actors in the industry and they are yet to reach the knowledge
stage in the decision process.
5.2.3 Information
Many respondents think that there is a need for more information. Respondent F feels that
there could be more written about LCA to promote the method. They say that they see some
articles but also that it might be because they read industry papers etc. with LCA in mind.
Respondents G, H and I, says they can´t recollect reading about LCA anywhere and have very
limited knowledge about it. Furthermore, they say that the information might be available in
industry paper etc. that they have not read, and that it is important that information about new
things is clearly visible and easy to attain. Respondent B states that it is hard to reach out with
information and that they have offered to help other actors to learn about LCA through
workshops etc. but many actors claim they don’t have time to attend and do not prioritize it.
“It is hard to reach out with information sometimes. It is really hard.” – Respondent B.
According to respondent F, there is some talk about LCA in the construction industry, at least
among the people working with environmental questions, and that most people wants to see
an increase in the use of it. However, they continue, in the forums where these questions are
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discussed, the smaller actors are usually not present. According to respondent B, the
responsibility to share information is on everybody. Respondent J agrees, stating that it is hard
to reach out with information and that this is a major barrier. The respondents that have
already implemented LCA in projects says that the barriers are perceived as much bigger than
what they really are, and the reason for this is lack of knowledge and information.
The lack of information relates to the element of communication channels in “Diffusion of
Innovation” (Rodgers, 1983). Many of respondents describe a lack of good communication
channels in the industry where information and knowledge can be passed from one
organization to another. Near-peer communication is viewed as the most effective way to
communicate experiences and information according to “Diffusion of Innovation” (Rodgers,
1983). The respondents also describe the information about LCA in newsletters and industry
papers etc. as insufficient.
5.2.4 Technical
When it comes to the tools and methodologies available most respondents agree that they are
not a major barrier anymore. Respondent B states that in the past the LCA tools and software
have been too expensive for everybody to be able to acquire them. With the introduction of
the BM-tool (construction sectors tool for environmental calculations) that is no longer the
case. Respondent A agrees that the BM-tool has helped remove the technical barrier since the
tool now can read IFC-files from the most common programs used for cost estimates. Other
commercial tools have been able to do this since 2007, but BM is the first free tool to it.
However, several respondents say that the BM-tool is not capable of performing full LCA
calculations for a building at the moment but that it is good start to help speed up adoption.
Respondent E says that the LCA tools historically have been bad and not made for the
construction sector. They do however feel that the programs and tools available has improved
a lot in the last few years and that they now are quite good and easy to use. One problem that
respondent E is experiencing is that they must mix and switch between tools to get the best
possible data, no tool is perfect. “Some generic data is missing, you want to be able to use
one system for the whole calculation because that is more credible”. - Respondent E.
Respondent D feels that there still are difficulties with the tools to overcome, and in the
projects where they have worked with LCA, they have used consultants to support the work.
Furthermore, they say that the big problem for them is to get the data on quantities, from their
own models and systems, into the LCA software. They also feel that there is confusion about
how to handle the different modules in a buildings life-cycle but that the work that has been
done in different R&D (research and development) projects the last few years have helped
steering the industry towards calculating the same way, “So that we can compare apples to
apples and not apples to pears when different actors perform LCA calculations on buildings”.
– Respondent D.
Respondent J believes the programs and tools need to be developed further. They say that it is
hard to find the right data in some of the systems and that they have had a pilot project where
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they compared different software and ended up with big differences in the results.
Furthermore, they describe problems with matching data from their own calculation systems
to the LCA software because the systems calculate in different units. “It is quite a lot of
things like this that needs to be solved to be able to easily find and match data between the
systems” – Respondent J. Respondent F believes the tools available on the market today to be
good enough to perform a good analysis but that they are very complex and requires a
knowledgeable user. Furthermore, they stress the importance of these simpler tools (BM etc.)
to help speed up the learning process.
The majority of the respondents stress the importance of digitalization to make the adoption
process easier. Respondent B believes that the digitalization is something that must be solved
together in the industry and not internally by the different actors. They continue by stating
that the different actors need to talk the same digital language and that there are government
funded research projects, called smart built environment, trying to solve this now.
Respondents A, B, F and J all agrees that the digitalization of EPDs are important to minimize
the manual work needed for LCA calculations and make the work more efficient. “You
should not have to sit and move data manually from one document to another. That is crazy”.
– Respondent B. Respondent D is of the same opinion and says that it would help if the
different programs and tools could communicate better between them.
The technical barriers with LCA are related to the element of complexity in “Diffusion of
Innovation” (Rodgers, 1983). Even though some respondents think the technical barrier is
almost gone, several other respondents feel that it is still very complex to perform an LCA.
An innovation that is perceived as complex has a lower rate of adoption.
5.2.5 Data
When talking about data, most respondents agree that there is a need for a common national
database with environmental data to use for the calculations. Respondent B says that data cost
money and it is important that free generic data is available for all actors if LCA is to be
widely adopted in the industry. “If that is not in place, it will be a lot harder for those who
does not have access to licenses for commercial databases. That one is important”. –
Respondent B. Respondent E and F both think that the generic data available in the different
tools are good enough for basic calculations but that there still is EPDs missing for more
advanced calculations. Respondent A agrees saying that there are EPDs available for most
materials but not from all different producers, which is the goal. They continue by saying that
a future requirement in performing LCA will force the manufacturers to develop EPDs for all
their products to stay competitive. Respondent D says that the generic environmental data in
the tools are a good start but that a national database is crucial if LCA is to be widely adopted.
According to them it is also important with a common database to ensure that everybody is
using the same data to make the results comparable. Most respondents agree that it is
important that the EPDs are of good quality to ensure that the results from an LCA is correct.
Respondent A claims that ensuring the quality of the EPDs will be the only area of LCA that
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will require real expertise in the future. Respondent F thinks that one problem is the huge
amount of data that needs to be collected and that data needs to be available at the right time
in the construction process, for it to be used in a meaningful way. They continue by saying
that it has been common to collect data for the LCA after the project is done but then the
strength of the method, to be able to use the analysis as a base for decisions, is lost.
The barriers regarding data are related to the elements of relative advantage in “Diffusion of
Innovation” (Rodgers, 1983). The development of environmental data is described by
respondents as a complex and expensive process, both factors for slower rate of adoption. The
collection and use of the data at the right time is also described as complex. The cost for
licenses to databases are also an important factor in regards to the relative advantage of the
use of LCA.
5.2.6 Comparability
Comparability of results is raised as a problem by some of the respondents. Respondent E
says that companies want to be able to compare their LCA result to other projects to see if
they are good or bad, but that there are no reference projects today. Furthermore, respondent
E says that it has been a problem that the actors in the industry has been working in different
systems and with different system boundaries because that makes it impossible to compare
the results. If the actors can’t compare the results, it is hard for them to see any benefits in
doing the analysis. Respondent E also believes that the introduction of a required climate
declaration of buildings eventually will lead to a big collection of data so that there will be
good reference projects to compare to. This is also the view of respondent F who thinks it is
important to create a database of the results and from there be able to establish levels of what
is good or bad, similar to what is done in the mandatory energy declaration.
Comparability of the results relates to the element of observability in “Diffusion of
innovation” (Rodgers, 1983). Being able to compare results and communicate them to others
are important to the rate of adoption. Being able to show good results can also be connected to
status, which is a factor when it comes to the relative advantage of an innovation.
5.2.7 Regulation
No laws regarding the climate impact of our buildings is a major barrier for wide adoption of
LCA that is raised by most respondents. All respondents agree that when there is a law in
place, the choice of not doing anything is taken away. Respondent B states that until
regulation is in place there won’t be a major increase in demand from clients. Respondent G
agrees stating that this is especially true for clients from the private sector who never would
demand it, if it meant a higher cost for them. Respondents H and I say that they don’t see any
point in staring to work with LCA until there is regulation in place and demand from clients.
“When there is a requirement, either by law or if we notice that clients start demanding it,
then we have to adapt and work on it. But if there isn’t any demand, why should we do the
work?” – Respondent I.
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The proposed law regarding climate declaration of new buildings is something all respondents
feel will help speed up adoption of LCA in the construction industry. Respondent F believes
that a requirement in declaring the environmental impact of buildings will help increase the
knowledge about LCA but feels that the industry is moving too slow. Respondent B, D and J
also feels that a climate declaration will help develop a basic understanding about LCA for all
actors, big and small, and be a good stepping stone for tougher regulation in the future.
Furthermore, respondent D believes that if the law in climate declaration gets passed, the
industry itself will drive the development in LCA and therefore doesn’t want to see tougher
regulation straight away. Respondent H and respondent I do not share this view saying that
companies will only do the minimum required by law, especially if the work is time
consuming and complex.
Regulation relates to the element of the social system in “Diffusion of innovation” (Rodgers,
1983) and is closely related to demand. Introduction of regulation forces the actors in the
social system to adopt LCA.

5.3 Big vs Small
When talking about the differences between big and small actors in the construction sector
most respondents think the barriers differ a bit. Respondent F believes that most small
companies does not have the competence to perform an LCA in house and therefore are
looking at high consultant fees to get them done. Furthermore, they believe that it takes a
certain skill set to order the consultant report in the first case. “Today it is quite expensive to
order a life-cycle analysis as a consultant report and I think that smaller actors will have
difficulty to order the LCA report, it takes some client expertise to get a good LCA delivered”
– Respondent F. They continue by stating that in the cases when they have ordered a LCA
from consultants it has been crucial for them to actively steer the study towards answering the
questions they wanted answered. They also say that the client risks of being taken advantage
of by the consultants, resulting in higher costs, if the client doesn’t have knowledge about
what they are ordering. Respondent B, C, D, E and J also believe that the difference lies in
that big actors often have more in house knowledge and more resources. They also believe
that the bigger companies have a competitive advantage because of this but add that some of
the big companies are also still trying to figure out how to integrate the work with LCA in
their processes. Furthermore, respondent J believes that the companies using consultants will
have problems acting on the information without internal expertise.
According to respondent A, there will only be a difference if the actors does not work in a
costing software, for example BidCon or Sektionsdata, that can be connected to LCA
software. They also state that for the companies that are small enough to not use these types
of costing software, it is unthinkable to use consultants because of the cost related to that.
Respondent E also raises the issue that there is a shortage of people with the right competence
in the construction industry and that it is harder for smaller actors to recruit people with
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relevant knowledge and experience. Respondent G believes the implementation can be easier
in smaller organizations because it is easier for them to adapt but adds that the bigger players
have an advantage when it comes to resources. Respondents H and I say bigger companies
can work with these questions proactively instead of reactively, because of more resources.
They also state that small companies won’t prioritize educating themselves in LCA before
they absolutely must due to regulation or demand. Most respondents believe that it is fair that
bigger actors lead the way when it comes to implementing LCA in the industry since they
together are making up a huge piece of the market and thereby are responsible for much of the
emissions.
The differences between big and small actors in the construction industry relates to different
elements in “Diffusion of Innovation” (Rodgers, 1983). The cost of performing and LCA is
described as higher for smaller actors which relates to the element of relative advantage. The
higher cost is described by the respondents as mostly a result of the need to use consultants
which is based in lack of expertise. Lack of expertise and knowledge relates to the element of
complexity in “Diffusion of Innovation” (Rodgers, 1983). There is also a connection to the
element of social system in since the innovativeness of the actors is described as heavily
connected to the resources available. The early adopters of LCA are mostly identified as
actors with a lot of resources. The communication about LCA in the Swedish construction
industry is described to happen in different forums where the small actors in the industry
usually are not present. This is connected to the element of communication channels in
“Diffusion of Innovation” (Rodgers, 1983).

25

6 Discussion
In this chapter, the findings are discussed in relation to the barriers for LCA identified in
previous research and the theoretical framework. The discussion aims to answer the following
research questions:



What are the barriers for wide adoption of LCA in the Swedish construction sector?
Is there a difference in barriers depending on the size of the actor?

High cost of LCA is describes as barrier in literature (Häkkinen and Belloni, 2011; Testa et
al., 2016; Schlanbusch et al., 2016), as well as by some of the respondents in this study. Some
of the respondents are however claiming that this barrier is almost gone on the Swedish
market because of the introduction of free LCA software. This free software includes generic
environmental data and is described as easy to use which can also reduce the need for
expensive consultants. The tool is described as basic by many of the respondents but can be
used as a first, learning step, into the work with LCA. Reducing the cost of LCA is important
to increase the relative advantage of the method (Rodgers, 1983). Cheap software that is easy
to use is a key factor in increasing the trialability as well as reducing the complexity of the
method which has a positive effect on the rate of adoption, as described in “Diffusion of
Innovation” by Rodgers (1983). Reducing the cost of data and creating free common
databases for environmental data is also identified, in this study and by previous research, as
crucial for wide adoption (Singh et al., 2010). National databases should reduce the
complexity of acquiring data as well as make the results from the calculation more
comparable, both factors for the rate of adoption. Reducing the cost of LCA is also important
to bridge the gap between big and small actors in the industry by making the work less
resource demanding. It can be argued that the cost of performing advanced LCAs on
buildings is still high but for more basic LCAs the cost is no longer a barrier.
When it comes to technical barriers for wide adoption of LCA, the respondents in this study
are divided. Some respondents claim that there is a need for more development of the tools
and describe the process of matching data between systems as complex. This is also lifted in
previous studies, where the complexity of the methodology and the LCA software are
described as barriers (D'Incognito et al., 2015). Other respondents claim that the LCA
software available are good enough but requires a knowledgeable user. The difference in
answers can to a certain extent be explained by how experienced the user is, which tool they
are using and how advanced the LCA is. LCA is still viewed as complex by many which have
a negative effect on rate of adoption as described in “Diffusion of Innovation” by Rodgers
(1983). Even though the development of tools and methodology in the recent years have made
the technical barrier smaller there are still problems to overcome with regards to matching
data between systems etc. Digitalization is seen as the key to many of the problems, and is
something that is currently being worked on in the industry. The findings show that
introduction of simple, easy to use, LCA software is crucial to wide adoption, especially
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among the smaller actors that does not have the expertise to use advanced software within the
company. As with the barrier of cost, it can be argued that the technical barriers get bigger the
more advanced the calculations get.
The lack of standardization and the issue of comparability is raised by the respondents as well
as in literature. There is a need for better standards and methods to make the assessments
consistent and the comparison of results possible (Buyle et al., 2013; Häkkinen and Belloni,
2011). The findings indicate that standardized frameworks on system boundaries, scope and
goals would reduce the complexity of LCA, since the actors themselves wouldn’t have to
define the boundaries etc. Frameworks could lead to more buildings being calculated the same
way which means more reference buildings, to which the result of an LCA can be compared.
This could increase the relative advantage by making the results easier to communicate as
good or bad.
The respondents in this study identifies lack of quality data (EPDs) as a barrier for advanced
LCA calculations, something that is also described as a barrier in previous studies (Antón and
Díaz, 2014). For basic calculations, the generic data available in both commercial and free
LCA software are considered good enough by several respondents. The barriers related to
data is concerning the quality of LCA calculation. It can be argued that the quality of the data
should not be seen as major barrier for wide adoption of LCA. It is however, based on the
findings, important to improve the accuracy and comparability of the results.
The lack of knowledge about LCA is one of the biggest barriers for wide adoption identified
by the respondents in this study. This is also described in a study by Clark and de Leeuw,
(1999). This study shows that there is a major lack of knowledge in the Swedish construction
industry, especially in smaller organizations. Knowledge is related to the element of time in
“Diffusion of Innovation” (Rodgers, 1983), and is the first step in making the decision to
adopt or reject an innovation. Knowledge can also be argued to be closely linked to other
barriers identified in this study or at least the perception of barriers. Some of the experienced
complexity regarding software etc. described by respondents and in previous research can be
directly linked to lack of knowledge. In this study and in a study by Testa et al., (2016) it is
suggested that the barriers are percieved as bigger than they really are by nonadopters. The
findins in this study describes an industry where mostly big actors have knowledge of and
experience with LCA, meaning that most of the knowledge is concentrated to a few actors.
The lack of knowledge is also described as a problem on the client side, when trying to
formulate demands.
The transfer of knowledge and information is important for wide adoption. The
communication channels in the industry are described as insufficient which slows down the
rate of adoption according to “Diffusion of Innovation” by Rodgers (1983). The fact that
some respondents in this study had little to no knowledge about LCA testifies to this. The
information communicated is also often seen as complex which makes it harder to
communicate effectively (Testa et al., 2016). It is problematic if the information is
communicated in a way that requires the recipient to be knowledgeable if the goal is to
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increase knowledge. In the forums where LCA is discussed, a lot of the small actors are not
present and respondents describe it as problematic to reach out with information. Some of this
is explained by a lack of resources among smaller actors who can’t prioritize learning about
LCA unless it becomes a requirement or is demanded by clients.
This study shows that the knowledge barrier is closly connected to demand, something that is
also described by Häkkinen and Belloni, 2011. All respondets in this study claim that lack of
demand is the single biggest barrier for wide adoption of LCA. The lack of demands as a
barrier for LCA is also described in previous studies (Schlanbusch et al., 2016). Big and small
actors alike, describes this as a problem. For the actors that have already implemented LCA
and have the knowledge, the lack of demand means that they can’t compete with their
expertise which in turn means the relative advantage is low. For other actors, the lack of
demand means that they can ignore LCA all together. It is however important, according to
the findings, that demands are formulated in way so that competition is not hindered by
differences in resources.
The findings of this study shows that the demand for LCA is likely to stay low on a wide front
unless it becomes a requirement by law. The lack of legal requirements and incentives are
also identified as a barrier in a study by Bribian et al (2009) If the demand stays low, so does
the rate of adoption. This seems to be especially true among actors with less resources who
testify that they will not do anything that is not required by law unless the market makes them
or because of demand from their clients. This also relates back to the barrier of organizational
culture. The construction industrys’ resristance to change and innovation is described both in
literature by D'Incognito et al., (2015) and by the respondents in this study. Making LCA a
requirement by law can be argued to have the same effect on the rate of adoption as a
collective innovation decicion in “Diffusion of Innovation” (Rodgers, 1983), where all units
in the system must conform to the systems decicion to, in this case, adopt the innovation. The
proposed law on climate declarations of new buildings in Sweden is seen as a good step in the
right direction by many of the respondents in this study.
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7 Conclusion
The respondents in this study claims there is a move towards more sustainable building in
Sweden and that there has been a major increase in buildings getting certified according to
some type of green building certification in the last few years. Some of these certification
schemes are already including LCA as an indicator which helps drive the adoption (BruceHyrkas et al., 2018). The proposed law of climate declaration of new buildings in Sweden is
also seen, by the respondents in this study, as a driver for LCA. There are however, according
to the findings in this study, still barriers to overcome before LCA is widely adopted in
Sweden. The aim of this study was to identify the main barriers for wide adoption of LCA in
the Swedish construction industry and to investigate how the barriers might differ between
big and small actors.
The findings in this study shows that the development in LCA on the Swedish market in the
last few years have meant that the barriers have been reduced in strength and number. Many
of the technical issues are being solved and the cost of performing LCAs are going down
thanks to the development of free software and databases. The free tools available today
should also be easy enough to use, to allow most actors in the Swedish construction industry
to perform simple LCA calculations without the need for expensive consultants. For advanced
LCAs there is however still, as described by the respondents, a need for development of the
tools, and a need for more good quality data (EPDs) to make the work easier. The findings as
well as literature also show a need for better frameworks and more standardization to make
the results comparable (Buyle et al., 2013)
The findings in this study shows that the knowledge in, and about, LCA is in general low with
actors in the Swedish construction industry and most of the knowledge is concentrated to a
few actors. It is impossible to adopt something that you don’t now exist and there is a need for
better communication around LCA in the construction industry in general (Testa et al., 2016).
The lack of expertise in LCA among the actors is identified as a big barrier in this study.
The greatest barriers for wide adoption of LCA in the Swedish construction industry are
however, in this study, identified as lack of demand and lack of regulation. When there is no
real relative advantage, in this case financial benefit, in performing LCA, companies will not
do it unless it is demanded by the clients. The findings suggest that with demand from the
clients, the actors will have to educate themselves to be able to compete. With that increase in
knowledge the other barriers should become smaller and easier to overcome (Clark and de
Leeuw, 1999). The demand for LCA in the construction industry is according to the findings
growing thanks to green building certifications but is still low, especially in the private sector.
If LCA is to be demanded by all clients involved in the industry the findings imply a need for
regulation regarding the climate impact of our buildings.
The barriers for adopting LCA in the Swedish construction industry are not shown to be
different depending on the size of the actor. The findings indicate that the difference lies in
the ability to overcome said barriers and that the resources available plays a big role in how
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smooth the adoption goes. An actor with deep pockets, lots of man power and in house
expertise will have less problems since they can afford to educate themselves and does not
need to rely on the help of consultants. A smaller actor, with less resources might not have the
time to prioritize learning. The findings also suggest that the lack of demand is a bigger
barrier for many smaller actors who can’t afford to work proactively and therefore are less
likely to adopt LCA without being forced to. Demands set to high might however, based on
the findings, initially exclude some actors from competition.

7.1 Limitations
This study is limited by the small number of respondents. To include respondents from
different sized actors, some respondents were asked to participate even though they did not
have any prior knowledge of LCA. This might have led to speculative answers to some of the
questions. The short time frame has also limited how deep the study can go. Furthermore, this
study is limited to the Swedish construction sector and the results might not be accurate for
other markets. The geographical location of the respondents means that the findings in this
study might not reflect the Swedish construction sector as a whole.

7.2 Reflections on sustainability
This thesis is written in the field of sustainable development, with a focus on environmental
sustainability. Environmental sustainability in the construction sector plays a big part in the
fight against climate change going forward. Hopefully, the results from this study has helped
shed some light on the barriers for wide adoption of LCA in the Swedish construction
industry, and can be of help in the work with overcoming them. Economic and social
sustainability are not considered in this study.

7.3 Recommendations
This study has highlighted the main barriers for wide adoption of LCA in the Swedish
construction industry. Because of the limited amount of time some aspects of these barriers
have not been studied deeper. Based on the findings in this study, future research is
recommended in following areas:



What effect the introduction of regulation regarding LCA can have on competition.
How the flow of information and knowledge regarding LCA can be improved in the
construction sector.
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Figure 1 Respondents in the study
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10 Appendix
Appendix 1- Interview template
Respondents bakgrund
Namn:
Titel/roll:
Roll i projekt:
Aktiva år inom byggbranschen:
Bakgrund
1. Varför tror du att implementeringen av LCA historiskt har gått så långsamt inom
byggbranschen trots all den forskning som gjorts på området?
2. Har ni jobbat med LCA i några av era projekt?
- Vilka problem stötte ni på i ert implementeringsarbete?
- Hur ser ert arbete med LCA ut nu?
- Om inte, är det något ni har kollat på eller pratat om att testa?
3. Vilka nackdelar ser du med användande av LCA i byggprojekt?
- Är LCA det bästa alternativet för att mäta klimatpåverkan?

Nuläge
4. Vad är din bild av användningen av LCA inom byggbranschen idag?
- Hur resonerar företag kring användandet av LCA?
- Skrivs det om LCA i branschtidningar etc.?
- Är det något som det arbetas med på bred front?
5. Efterfrågas LCA av beställare i dagsläget?
6. Vilka anser du är de största barriärerna för bred implementering av LCA inom
byggbranschen i dagsläget?
7. Hur tror du att barriärerna skiljer sig mellan stora och små aktörer på marknaden?
- Vilka är de största barriärerna för stora respektive små företag i branschen?
8. Ser implementeringsproblematiken annorlunda ut för stora och små företag?
- Spelar resurser en avgörande roll för hur bra implementering av LCA lyckas?
9. Tror du att branschen överlag upplever barriärer som större än vad de egentligen är?
- Skillnad mellan de som har testat och de som inte har gjort det?
10. Finns det några forum där information och erfarenheter delas?
- Utbildningar?
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Framtid
11. Hur ser du på ett framtida krav på klimatdeklaration av byggnader med hjälp av LCA?
- Tror du att det kommer det att underlätta implementeringen?
- Tror du att samma barriärer för implementering kommer finnas kvar?
- Hur har informationen kring det liggande lagförslaget sett ut?
12. Tror du att mindre aktörer kommer få problem jämfört med de större att leva upp till nya
krav?
- Kan det bli en konkurrensfördel för större företag?
13. Eventuella övriga åsikter?
- Vill du att jag skickar över ljudfilen eller transkriberade filen?
- Vill du få ett exemplar av rapporten senare?
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