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I 
 

Abstract 
 

Resource efficiency and circular economy (CE) has become increasingly relevant to the Swedish 
construction company NCC in connection to the plans of demolishing the current head office in 
Stockholm and building a new head office next to it. NCC wants to investigate how to minimize 
the negative sustainability implications of bringing down a commercial facility well before its life 
length has expired, through exploring the possibilities of integrating principles of CE in future 
planning‐ and construction processes. This study seeks to understand how the Swedish 
construction company NCC could work with decision-making for CE in order to keep their materials 
in the loop.    
 
As the concept of CE is broad there are many options for working with its principles. However, the 
construction industry is relatively new to these and a list of priorities would therefore be helpful 
in such an initial phase, as focusing on all would be inefficient and rather daunting. Thus, this study 
suggests a multi-criteria decision analysis (MCDA) as a tool for decision-making and prioritizing 
between various approaches to CE. Together with NCC, an MCDA was performed where three 
different options for working with CE were analysed (Waste as Resource, Circular Design and 
Circular Business Models). In a focus group, 17 criteria that were relevant to NCC were developed 
as a basis for analysing the options. These were then defined, scored and weighted to reveal a 
most preferable option.  
 
The MCDA showed that the most preferable approach to CE for NCC is working with circular 
design, i.e. Design for Deconstruction (DfD), followed closely by measures to increase the rate of 
reuse and recycling of already existing construction- and demolition waste. However, the 
sensitivity analysis revealed that if economic criteria received a higher weight, increased reuse and 
recycling is the most preferable option. MCDA was deemed a helpful decision-making tool for CE 
principles. While the scoring and weighting is subjective and it is challenging to quantify the 
criteria, the strength lies in bringing a new and innovative topic on the agenda by gathering key 
decision-makers in focus groups to discuss and learn.  
 
A preliminary study to this thesis was conducted at NCC (Tabrizi, 2015) with the aim of conducting 
a survey of good examples with regard to development of commercial properties that are 
designed for flexibility and deconstruction during refurbishment and end‐of‐life. It showed that 
the challenges relate to the hesitant perception of secondary material, design and construction 
limitations, the need for material documentation, organization and logistics as well as creating 
sustainable business models. Key success factors for overcoming these challenges for NCC is 
working towards better communication and promotion of secondary material through 
information sharing, building up a knowledge base and internal targets, as well as establishing a 
consistent work methodology for DfD in order to move NCC towards a circular economy.  
 
Key words: circular economy, construction-and demolition waste, multi-criteria decision analysis 
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Sammanfattning 
 

Resurseffektivitet och cirkulär ekonomi (CE) har blivit allt viktigare för det svenska bygg-och 
fastighetsföretaget NCC i samband med planerna på att riva det nuvarande huvudkontoret i 
Stockholm och bygga ett nytt huvudkontor bredvid. NCC vill undersöka hur man kan minimera de 
negativa hållbarhetseffekterna av att riva ett kontor långt innan dess livslängd har överskridits 
genom att undersöka möjligheterna att integrera principer för CE i framtida planerings- och 
byggprocesser. Denna studie syftar till att förstå hur det svenska byggföretaget NCC AB kan arbeta 
med beslutsfattning för CE för att sluta materialcykler.  
 
Eftersom begreppet CE är brett finns det många alternativ för att arbeta med dess principer. Då 
det är ett relativt nytt område för byggbranschen är en prioriteringslista till hjälp i en sådan 
inledande fas, då fokus på alla arbetssätt vore ineffektivt och överväldigande. Således föreslår 
denna studie en multikriterieanalys för beslutsfattning (MCDA) som ett verktyg för beslutsfattning 
och prioritering mellan olika alternativa tillvägagångsätt för CE. Tillsammans med NCC utfördes en 
MCDA där tre olika alternativ för att arbeta med CE analyserades (avfall som resurs, cirkulär design 
och cirkulära affärsmodeller). I en fokusgrupp utvecklades 17 kriterier som var relevanta för NCC 
som ett underlag för att analysera alternativen. Därefter definierades, poängsattes och viktades 
dessa för att ta fram det mest lämpliga alternativet.  
 
Resultatet visade att det mest föredragna tillvägagångssättet för NCC är cirkulär design, d.v.s. 
design för dekonstruktion (DfD), tätt följt av åtgärder för att öka graden av återanvändning och 
återvinning av redan existerande bygg- och rivningsavfall. En känslighetsanalys pekade däremot 
på att om de ekonomiskt orienterade kriterierna får en högre vikt, är det bättre alternativet att 
fokusera på ökad återanvändning och återvinning av befintligt material istället. MCDA kan anses 
vara ett bra beslutsverktyg för CE principer. Trots att poängsättningen och viktningen blir subjektiv 
och det är svårt att kvantifiera kriterierna, ligger styrkan i att föra upp ett nytt och innovativt ämne 
på dagordningen genom att samla viktiga beslutsfattare i fokusgrupper för att diskutera och lära. 
 
En förstudie till detta examensarbete utfördes vid NCC (Tabrizi, 2015) i syfte att genomföra en 
kartläggning av goda exempel när det gäller utveckling av kommersiella fastigheter som är 
avsedda för flexibilitet och dekonstruktion under renovering och slutskede. Det visade sig att 
utmaningarna berör den osäkra inställningen till sekundärt material, design-och 
konstruktionsbegränsningar, behov av dokumentation, organisationsstruktur och logistik och 
skapandet av hållbara affärsmodeller. Viktiga framgångsfaktorer för att övervinna dessa 
utmaningar för NCC är att arbeta för bättre kommunikation och främjande av sekundärt material 
genom informationsutbyte, uppbyggnad av kunskapsbas och interna mål, samt upprättande av en 
konsekvent arbetsmetodik för DfD för att utveckla NCC mot en cirkulär ekonomi. 
 
Nyckelord: Cirkulär Ekonomi, Bygg-och Rivningsavfall, Multikriterieanalys 
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1. Introduction 
The report is divided into three parts. The first part introduces the principles of circular economy, 
the waste hierarchy and other concepts and theories that serve as analytical framework for the 
study. In this introduction you will also find a description of the aim, objectives and methodology. 
The second part will present the results of the literature review and multi-criteria decision analysis. 
Finally, part three includes key findings and observations from the study as well as discussion and 
recommendations.  

 

1.1 Background 
The Sustainable Development Goals (SDG’s) recently provided a universal set of goals, targets and 
indicators that United Nations (UN) member states are expected to use to frame their agendas 
and political policies over the next 15 years. It includes targets such as achieving sustainable 
management and efficient use of natural resources and substantially reducing waste generation 
through prevention, reduction, recycling and reuse (UN, 2015). According to the United Nations 
Environment Programme (UNEP, 2007), the construction industry has the greatest potential to 
affect environmental issues due to the built environment’s major share in energy consumption 
and contribution to global warming. 
 
A third of society’s waste comes from the construction industry and a fourth of the hazardous 
substances of all waste can be found in construction waste (Naturvårdsverket, 2016a). The last 
decade construction-and demolition waste (CDW) has amounted to approximately 10 million tons 
yearly (Naturvårdsverket, 2016b), of which 10 percent consists of hazardous material. In the life 
cycle of a building, waste is produced during new construction (accounting for approximately 8 
percent of the waste stream per year), renovation (44 percent) and demolition (48 percent) (U.S. 
EPA, 2009). 
 
The Ellen MacArthur Foundation’s report suggests that although more than 90 percent of the 
content in a building can be reused only 20 to 30 percent of CDW is currently being recycled or 
reused in the EU (Ellen MacArthur Foundation [EMF], 2012). In Sweden, the rate of reuse is still 
insignificant and only approximately 15 percent is recycled to new material and about 33 percent 
is energy recycled. When higher rates of recycling are cited in various places, it also includes e.g. 
construction and covering of landfills which accounts for almost 35 percent (Palm et al, 2015). 
However, this is a down-cycling of the material and it would be more efficient if the material could 
be recycled or reused for its original purposes. For example 20 percent of CDW, dredged material, 
was “dumped” at sea and about 1.6 million tons was landfilled. The most common waste types to 
be landfilled were earth masses, concrete and stone (Naturvårdsverket, 2012). The target of the 
EU Waste Framework Directive (2008/98/EC) states that reuse, material recycling and other 
recycling of non‐hazardous construction and demolition waste (excluding energy recycling) must 
increase to at least 70 weight percentages before the year 2020 (Naturvårdsverket, 2013)   
 
There is a real need for reducing CDW and the need for virgin material, by e.g. becoming more 
efficient with our resource management. Sweden has come relatively far with reducing the climate 
impact from the operation phase of the building, but a lot of work remains when you look from a 
life cycle perspective. In a newly built house with a low energy profile the climate impact from 50 
years of use is approximately 300 kg CO2 equivalents per m2 (or 540 kg CO2 eq. including household 
electricity). Comparatively, the emissions from the building process (material production, 
transports, construction) account for 350 kg CO2 eq. per m2. Construction material production 
(especially concrete) accounts for 84 percent of this. Thus, the climate impact from bringing up a 
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building is in the same size range as from 50 years of operation of the building (Sveriges 
Byggindustrier [BI], 2015). This indicates that the construction industry needs to work more 
intensively with minimizing this effect. 
 
Besides climate change a major driver for resource efficiency is the eminent scarcity of certain 
materials our societies and construction companies are facing. The price of natural resources have 
been low throughout the 20th century leading to our current linear consumption patterns of take-
make-dispose. However, since the millennial change the prices are gradually increasing due to an 
unsustainable extraction of raw materials (EMF, 2012). Thus, a conversion to circular consumption 
patterns is necessary to ensure a resilient business. It is worth noting that scarcity is not only 
physical but also related to geography (through unequal distribution of raw material), politics 
(trade laws and conflicts), economics (higher costs for exploitation), social responsibility (unfair 
exploitation or exploitation from war areas), as well as ecology (exploitation from natural 
parks/nature with effects on biodiversity) (Vidje, 2016). 
 
In order to divert waste streams from landfills and move further up the waste hierarchy (see p.19) 
many companies are now turning towards a circular economy approach, meaning viewing waste 
as a resource and closing the energy and material cycles. Much potential lies within the area of 
commercial facilities, which is the focus for NCC and thus this study. In 2015, 2350 building permits 
were given for commercial facilities in Sweden (Statistiska Centralbyrån [SCB], 2016) and the 
previous year 145 billion SEK were invested in public and private commercial facilities (BI, 2015).  
 
A UK survey conducted with over 240 professionals working in the construction industry showed 
that 94% agree that circular economy offers an excellent solution to future challenges in resource 
scarcity. 77% named rising resource prices as an important driver and 42% viewed current 
contractual issues to be a problem (UK Contractors Group, 2016). A pre-study to this report 
conducted in 2015 indicates that although the know-how is currently limited, there is a strong 
interest within NCC to integrate and work with circular economy principles in future planning-and 
construction processes (Tabrizi, 2015). 
 
NCC is one of the leading construction companies in northern Europe with a revenue of 62 billion 
SEK and 18 000 employees. They develop and build commercial, industrial and public facilities, 
industrial facilities, as well as roads and other infrastructure. The company that focuses on 
commercial facilities is NCC Property Development. In Sweden, NCC has 5% of the market share 
of the construction sector. Their biggest competitors are Skanska and Peab (NCC, 2016).  

   

1.2 Aim and Objectives 
The aim of this study is to present a framework for decision‐making at NCC on how to integrate 
and foster circular economy principles in the planning‐and construction process of new 
commercial facilities. The aim will be achieved through the objectives presented below. They are 
partly inspired by the key success factors for circular economy identified in the preliminary study 
conducted at NCC last year (Tabrizi, 2015).    

 Review the current status of circular economy in relation to the built environment 

 Through systems analysis identify main constraints and underlying reasons for resources 
currently being used inefficiently at NCC 

 Develop criteria for analysing possible approaches to CE in order to identify the most 
suitable approach for NCC 

 Review MCDA as a suitable decision-making tool for companies wishing to adopt CE 
principles  
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 Give recommendations based on the results on how to work with the approach found 
most suitable in order to generate value for NCC 
 

1.3 Delimitation 
There are many ways of working with sustainability in the construction industry and this study will 
be focusing on the concept of circular economy and the viable alternatives in Sweden for newly 
built commercial facilities. At times the construction of the new NCC head office will be referenced 
to, but the results of this study are not limited to this project and can be applied to other future 
buildings as well.  
 
Due to the choice of three principles of circular economy to be appraised in the MCDA, other 
possibilities within circular economy such as Product Service Systems (PSS) etc. have not been 
focused on (see p.14). With PSS specifically, the responsibility to develop service system often lies 
with the producer and thus the ability for NCC to impact is limited compared to the chosen options 
(except for when it comes to cooperating with already existing PSS companies).  
 
The waste flows of interest are those that occur during renovation and end-of-life as these make 
up a majority of the waste produced in the industry. Thus, focus is not on waste prevention 
measures and handling of CDW produced on the construction site. This is also due to the fact that 
previous thesis reports found have focused on this issue already. Neither is the focus on handling 
of waste on landfills as this is the least preferred option.  
 
Only an MCDA is performed as a possible decision-making tool and no comparisons have been 
made with other methods such as Cost-Benefit Analysis (CBA). However, a discussion on the 
difference between these and a motivation for the choice of using MCDA can be found in 
Methodology (p.6).  
 

1.4 Analytical framework  
The analytical framework of this study is set by the three closely interlinked concepts of 
sustainable development, industrial ecology and circular economy. The three concepts are further 
described below.  
 
Sustainable development: the concept of sustainability can be defined in many ways, which also 
complicates its applicability. Graedel and Allenby (2010) choose to highlight the International 
Institute of Environment and Development’s definition of sustainable development: “A 
development path that can be maintained indefinitely because it is socially desirable, economically 
viable, and ecologically sustainable”. Often sustainability is also discussed in terms of making 
choices today that allow for future generations to meet their needs, meaning short term profits 
should be weighed responsibly against long term. The motivation is often to sustain human life 
support systems in an equitable way for generations to come. When developing the actual criteria 
used to analyse the various approaches to circular economy NCC could work with, the concept of 
sustainable development served as a theoretical backdrop. The criteria were divided into the 
categories social, environmental and economic sustainability normally used to define sustainable 
development.  
 
Industrial ecology: this study also has its basis in the concept of industrial ecology, related to the 
idea that buildings should mimic nature, where there is no waste since in nature waste equals 
food. Similarly, e.g. Kibert (2012) finds buildings to be one stage in a complex industrial system 
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that has to be redesigned with this comparison in mind in order to minimize waste and close the 
material and energy flows; one of the main aims of industrial ecology. 
 
Graedel and Allenby (2010) describe IE as a systems approach where industrial systems are seen 
in concert with their surrounding instead of separated from them. It is a means for reaching 
sustainability through optimization of material cycles from resource extraction to ultimate 
disposal of used product. Erkman and Ramaswamy (2003) present a similar definition where IE is 
about understanding how the industrial system works, is regulated, and interacts with the 
biosphere. However, this definition focuses on restructuring industrial systems to not only be 
sustainable, but to be compatible with the way we perceive natural ecosystems to be functioning. 
Furthermore, they too describe IE in terms of optimizing ‘flows’ of material and energy through a 
system such as e.g. a building.   
 
A term related to IE is eco-restructuring (Graedel and Allenby, 2010) which is the strategy for 
implementing the concepts of IE. This is done by optimizing the use of resources, closing material 
loops and minimizing emissions, as well as dematerializing activities and reducing and eliminating 
the dependence on non-renewable sources of energy. A decision to work with CE principles in the 
planning and construction processes of a new commercial facility could thus in other words be 
called an attempt to eco-restructure these processes.  
 
Circular economy: more importantly, the concept of circular economy has served as the driving 
concept of this study. It has its roots in industrial ecology and the Ellen MacArthur Foundation 
defines circular economy accordingly: “A circular economy is an industrial system that is 
restorative or regenerative by intention and design. It replaces the ’end-of-life’ concept with 
restoration, shifts towards the use of renewable energy, eliminates the use of toxic chemicals, 
which impair reuse, and aims the elimination of waste through the superior design of materials, 
products, systems, and, within this, business models” (EMF, 2012, p.7).  
 
Circular thinking is not a new concept. It is an idea that can be tracked far back in history, which 
contributes to the difficulty in identifying its origin. The concept experienced a renewal during the 
second half of the 20th century, and even more so with the formation of the Ellen MacArthur 
Foundation in 2010; an independent charity focusing on education and outlining the economic 
benefits of a circular economy. The foundation has also contributed to giving the concept a 
coherent framework (EMF, 2015a). 
 
The foundation in a circular economy is the notion that products and services should be designed 
so they can be reused in biological or technical cycles. The products are demountable and the 
material degradable in ecological systems or reusable in industrial production processes. Circular 
economy is often described with the following principles (EMF, 2013).  
 
1. Design out waste – planning for deconstruction and transferring material to biological or 
technical cycles with a focus on retained quality and minimized energy use, e.g. construction of a 
building so it can be de-assembled in a way that allows for the ensured quality and reuse of the 
deconstructed material as much as possible. When the materials in a product are designed to fit 
into a new system after their life cycle, waste is instead seen as a resource.  
2. Build resilience through diversity – future needs are hard to predict, but construction for 
flexible use allows for an easier transformation, e.g. commercial properties that can be reused as 
housing, or offices that can increase or decrease in size depending on the number of employees, 
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without large-scale refurbishments. This is learning from nature, as ecosystems that are rich in 
diversity are more resilient in the face of external shocks than systems built simply for efficiency.  
3. Work towards using energy from renewable sources – strive towards energy that is based 
solely on renewable sources in the entire life cycle of the product, meaning e.g. not only during 
operation of a building but also in the supply network and during construction and demolition.  
4. Think in ‘systems’ – understand how parts influence one another within a whole in a non-linear 
system. Strive towards more efficient production systems through maximizing reuse of material 
and minimizing the dependency on virgin raw material.  
5. Thinking in cascades – use material in as many life cycles as possible to recreate the same 
function or other types of functions.  
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2. Methodology 
The thesis uses a qualitative multi‐disciplinary approach and the research is carried out with a 
diversity of methods including literature studies, case studies and systems analysis tools such as 
Multi‐Criteria Decision Analysis (MCDA) and Causal Loop Diagram. The steps and their aims are 
explained in Table 1. 
  
Table 1: Overview of the steps in methodology. 

STEP AIM 

1. Literature review To find background information on circular 
economy in relation to the construction 
industry and set the context. 

2. Multi-Criteria Decision Analysis To prioritize various actions for circular 
economy through criteria based on NCC’s 
preferences in order to find a suitable 
strategy. 

2.1 Stakeholder analysis To ensure that no key factors are omitted in 
the study and identify salient actors.   

2.2 SWOT-analysis To analyse strengths, weaknesses, 
opportunities and threats if NCC is to work 
with circular economy principles.  

2.3 Causal Loop Diagram To identify and visualize the causal 
relationships between different factors 
relating to NCC working with circular 
economy principles. 

 

2.1 Literature review 
Initially, a background study on the topic was performed through a literature review. Furthermore, 
a preliminary study performed previous to this study was referenced, in which interviews with 
NCC employees were conducted on the topic of reuse/recycling and design for deconstruction.  
 

      2.2 Multi-Criteria Decision Analysis (MCDA) 
Multi-criteria analysis establishes preferences between options related to a specific set of 
objectives that the decision maker has identified. Measurable criteria are established for the 
options to assess the extent to which they can achieve the objectives. In simple cases, the process 
of identifying objectives and criteria may alone provide enough information for decision-makers. 
However, an MCA offers a number of ways of aggregating, scoring and weighting the data on 
individual criteria to provide indicators of the overall performance of. A form of MCA that has 
found many applications in both public and private sector organizations is multi-criteria decision 
analysis, or MCDA. MCDA is both an approach and a set of techniques, with the goal of providing 
an overall ranking of preferable options. The options may differ in the extent to which they achieve 
several objectives (Dodgson et al, 2000).  
 
For this study an MCDA was performed using a manual by Dodgson et al. (2000) which presents 
techniques that do not necessarily rely on monetary valuations but instead offers a complement 
to those that do, such as Cost Effectiveness Analysis (CEA) and Cost‐Benefit Analysis (CBA). This 
provides an improved way of presenting impacts of various projects to decision makers. It gives a 
structure to the problem and works as a base for further discussion in order to find the most 
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convenient course of action. The 8 steps in the MCDA work process are described in Figure 1 and 
explained further below.  
 
STEP 1: The first step is to establish the aims of 
the MCDA and identify the decision makers 
and other key players. Thereafter the socio-
technical system for conducting the MCDA 
should be chosen. This means identifying 
when participants are to contribute to the 
MCDA, what form of MCDA will be used and 
how it will be implemented. Finally the 
context needs to be decided in terms of the 
current situation and what goals are to be 
achieved. A SWOT-analysis was used in this 
study to discern the strengths, weaknesses, 
opportunities and threats. Furthermore a 
causal loop diagram was used to visualize the 
causal relationships between various factors 
related to the topic of circular economy in the 
construction industry in general and NCC in 
particular. Descriptions of stakeholder 
analysis, SWOT-analysis and causal loop 
diagram are presented below. 
 
Stakeholder analysis: A stakeholder analysis 
was performed together with the NCC 
supervisor in order to identify key persons, 
actors and decision makers that are relevant in 
the context of NCC adopting circular economy principles. A relatively broad definition of 
stakeholders is presented by Freeman (1984): “A stakeholder in an organization is (by definition) 
any group or individual who can affect or is affected by the achievement of the organization’s 
objectives”. However, Clarkson (1994) gives a more narrow explanation by dividing stakeholders 
up as voluntary and involuntary risk-bearers: “Voluntary stakeholders bear some form of risk as a 
result of having invested some form of capital, human or financial, something of value, in a firm. 
Involuntary stakeholders are placed at risk as a result of a firm’s activities. But without the element 
of risk there is no stake”. In a complex decision context where patience and resources are limited, 
narrow definitions are better for identifying relevant stakeholders. 
 
In this study stakeholders were identified using Mitchell’s methodology (1997), where they were 
placed into three categories: salient, expectant and latent stakeholders. Mitchel argues that the 
attention of decision makers should be focused on salient stakeholders and that only a few 
attributes are needed to identify these in a decision-making context (Mitchell, 1997). The 
attributes consist of power, legitimacy and urgency. Individuals, organizations and governments 
have the potential to have none or all of these attributes. Representing a greater amount of 
attributes implies increased involvement and salience as a stakeholder. 
 
SWOT-analysis: A SWOT-analysis was performed together with the supervisor at NCC in order to 
identify strengths, weaknesses, opportunities and threats for NCC to construct a commercial 
facility using circular economy principles. Such an analysis is useful in developing options that build 

Step 1
• Establishing the decision context

Step 2

• Identifying the options to be 
appraised

Step 3
• Identifying objectives and criteria

Step 4
• Scoring of criteria

Step 5
• Weighting of criteria

Step 6

• Combining weights and scores to 
derive an overall value

Step 7
• Examining the results

Step 8
• Sensitivity analysis

Figure 1: The 8 steps of the MCDA. 
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on strengths and minimize threats. The results are written in a four by four table, where strengths 
and weaknesses relate to the internal characteristics of the business that place it in an advantage 
or disadvantage relative to others, and opportunities and threats relate to the external elements 
that the business could exploit to its advantage or that could cause trouble.  
 
Causal Loop Diagram: Software programme Vensim was used in this study. A causal loop diagram 
is a helpful tool for visualizing a complex and dynamic problem and the interconnectedness of the 
various factors. Key variables are shown with arrows representing causal relationships between 
them (Kim, 1992). Such a diagram represents the major feedback mechanisms creating either 
positive (reinforcing) or negative (balancing) reinforcing feedback loops. In a negative feedback 
loop, after a disturbance, the system seeks to return to an equilibrium situation. In a positive 
feedback loop an initial disturbance leads to further change, suggesting an unstable equilibrium 
(Vlachos et al, 2007). 
 
However, a much-cited article by Richardson (1986) offers a word of caution for users of causal 
loop diagrams. Richardson describes a variety of problems, both in the development of the 
diagrams and the explication of behavior from them. The main critique is that causal-loop 
diagrams can be misleading and obscure the stock and flow structure of systems. Richardson 
argues that the crucial role of accumulation of processes is sometimes lost due to the heavy 
reliance on feedback structure for generation of behavior.   
 

STEP 2: The second step is to identify the different possible options and actions for working with 
circular economy principles in this context. These were derived in conversation with supervisors, 
through definitions of circular economy and through examples from previous work in this area. A 
common option to include in an MCDA is the business-as-usual scenario, i.e. not applying any new 
principles for circular economy. However, as business-as-usual is not an option in this case as 
resource efficiency is important to work with, this will not be included. By later ranking these 
options, it can be decided which should be rejected, funded at a lesser level or fully funded. It is 
not uncommon to modify or add options to the MCDA as the analysis progresses (Dodgson et al, 
2000).  
 
STEP 3: After the options were identified, criteria for assessing the consequences of each option 
were established together with a focus group at NCC consisting of relevant people with various 
expertize (planners, decision‐makers, architects etc.). Criteria were developed within the 
categories of social, environmental and economic sustainability. Criteria may have monetary or 
nonmonetary values and be measured qualitatively, quantitatively or in other ways. These criteria 
were then organised by clustering them under higher-level and lower-level objectives in a 
hierarchy through a value tree (Dodgson et al, 2000). For example the criteria of economic 
sustainability could be broken down into monetary and non-monetary costs, or short-term and 
long-term etc. The focus group also helped defining the objectives and criteria, as well as decide 
on ways to measure them.   
 
STEP 4: The consequences of the options were then described. This was done through simple 
qualitative descriptions for each option taking into account each criterion. A performance matrix 
can help with the visualization (Dodgson et al, 2000). Based on these consequences the options 
were then scored against the criteria together with a smaller focus group at NCC.  A compensatory 
form of MCDA was used, in which scoring and weighting is used to derive a more fair comparison 
of the options. A conventional method is to allot a value score to each criterion between 0 and 
100 on an interval scale. Once these end points have been established, there are several ways in 
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which scores may be established for the options. The approach used in this study is direct rating. 
This is used “when a commonly agreed scale of measurement for the criterion in question does 
not exist, or where there is not the time nor the resources to undertake the measurement” 
(Dodgson et al, 2000, p.44). Since the different options for circular economy being examined here 
are not yet commonly applied in the construction industry there is a lack of agreed scale of 
measurement for the criteria developed by the focus group at NCC. Thus, the use of direct rating 
is motivated here.  
 
In this study a relative preference scale was used. For each criterion, the options were assigned a 
preference score between 0 and 100 (with 100 representing most preferred option). Scores were 
assigned to all options so that differences in the numbers represent differences in strength of 
preference. This allows for a relative judgement comparing differences in consequences, and is 
often easier to make than absolute judgements (Dodgson et al, 2000).  
 
STEP 5: The preference scales cannot be combined since a unit of preference on one scale does 
not necessarily equal a unit of preference on another. Therefore weights need to be assigned for 
each of the criterion to reflect their relative importance to the decision. The weight on a criterion 
reflects both the range of difference of the options and how much that difference matters. If the 
interval is 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, the relative preference scale for comparison 
between criteria’s looks the following (Dodgson et al, 2000): 

 Less preferred/important: 20, 30, 40, 50 

 Medium preferred/important: 40, 50, 60, 70 

 Most preferred/important: 60, 70, 80, 90   
 

STEP 6: The weights and scores for each option were then combined to derive an overall value. 
The overall preference score for each option is simply the weighted average of its score on all the 
criteria. This is done by multiplying an option’s score on a criterion by the importance weight of 
that criterion, doing that for all the criteria, and then summing the products to give the overall 
preference score for that option. This is done for all the options (Dodgson et al, 2000).   
 
STEP 7: The results were then examined. The weighted averages of the preference score 
performed in step 6 provided a way to rank the different options. It could even lead to expressions 
such as “option A is twice as preferred than option B” and will help in deciding which options for 
circular economy to proceed with (Dodgson et al, 2000).  
 
STEP 8: Finally, a sensitivity analysis was performed in order to find how the final results reply to 
changes in the input parameters and which steps or criteria are most crucial for the final result 
(Dodgson et al, 2000). 
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3. Results 
The results are presented below starting with a literature review. Thereafter, the results of the 

MCDA are presented including a stakeholder analysis, SWOT analysis, causal loop diagram and 

sensitivity analysis. The chapter ends with a section dwelling deeper into the results of the MCDA.    

3.1 Literature review 
The literature review covers the first objective of this study: to review the current status of circular 
economy in relation to the built environment. It begins with a review of the topic of circular 
economy in general, where after it describes its various applications in the construction industry 
(with a specific focus on Sweden). An assessment of the ways NCC is already working with circular 
economy as well as a summary of the related legislation has also been included.  
 

3.1.1 Circular economy in the construction industry 
The topic of circular economy has rendered a lot of attention recently, but the construction 
industry is moving slowly. Only 20 to 30% of all construction and demolition waste is ultimately 
recycled or reused (most often it comes down to energy recycling). Often this is due to buildings 
being designed and built in a way that does not facilitate breaking down parts into recyclable let 
alone reusable components (EMF, 2012).  
 
Three countries that are leading the way are China, Denmark and the Netherlands. For example, 
in China, the National Development and Reform Commission (NDRC) has been given the task of 
promoting the establishment of CE at three levels: the individual firm (micro), collections of firms 
as eco-industrial networks (meso), and at the city, regional and provincial scale (macro). CE in 
China is now considered an integral part of the economic development. In relation to the built 
environment, focus is e.g. on building design and technologies that facilitate reduction, reuse and 
recycling of construction materials. Furthermore, practical strategies for energy cascading and 
improvements in the energy efficiency of buildings are also considered to have an important 
impact (Fernandez, 2007).   
 
Reduce Reducing waste through preventing its production in the first place is economically 
beneficial and also the method that is most preferable in relation to the waste hierarchy. 
According to a report presented by Swedish consultancy firm Tyréns, Stockholm county and others 
(Tyréns, 2012, p.4) waste prevention in the construction industry relates to for example: 

 The design of the building: designing a building so that less waste is produced during 
construction, e.g. through using standardized measurements. 

 Material choices: choosing construction materials that contain less hazardous substances 
so that in the end more material can be recycled instead of landfilled.  

 Construction methods: e.g. through facilitating the use of prefabricated parts. 

 Logistics and material handling: working with planning of material so that the amount of 
damaged products and unnecessary waste is minimized.  

 Measures to minimize accidental mishandling of products and damages on readily built 
parts.  
 

Reuse: A measure that means that a product or component that is not waste is used again to fulfill 
the same function as it was originally intended for. In a recent report by IVL (Swedish 
Environmental Research Institute) (2015a, p.3), six product types suitable for reuse in commercial 
facilities have been identified:  

 Walls and ceilings. Clean glass partitions with and without frame, but also acoustic panels.  
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 Grating such as spiral staircases, access ramps, storage and grid grill gates.  

 Lighting which includes downlights, spotlights and busbars with accessories.  

 Door sections, which includes fire doors, steel doors, entrances and interior doors in both 
wood and glass.  

 Plumbing such as toilet seats, wash basins, mixers etc.  

 Fittings, door automation, door handles and door fittings.  
 

These products have a significant demand, are standardized, and are easy to demount and reuse 
which benefits the environment. Furthermore they contain low amounts of hazardous substances 
that should not be circulated. If more products were designed according to these principles, more 
products could be reused (see section about Design for Deconstruction below).  
 
Recycle: Construction materials and components are not fulfilling their secondary or tertiary life 
potential. If they cannot be directly reused, a good alternative is to process them through a 
recycling system. Recycling means processing waste materials to new products, materials or 
substances that cannot be used as fuel or filling material. Material recycling means that the waste 
is put to use as substitution for other material or is prepared to be of such use. Energy recycling is 
production of electricity or heat in a waste incineration plant or through gas from organic matter 
in e.g. a landfill (Löfås et al., 2015). 
 
Tam and Tam (2006) summarize some common material types in construction and the available 
technology for recycling. Some selected materials are described below (due to lack of space, the 
recycling technologies have not been included in this study).   

 Asphalt: Asphalt can be recycled in the production of new asphalt. The remaining broken 
asphalt that cannot be recycled thus, can be bonded with cement and used instead of sand 
or cement sub-bases. There are several recycling technologies but as the composition of 
mixture of highly pervious road surface is highly critical, only a limited proportion of 
asphalt can be reused here. NCC has already come far in terms of asphalt recycling.  

 Brick: Bricks are often too costly to recycle since they require hand sorting and cleaning 
from the mortar, rendering and plaster. They can be crushed and used as filling materials. 

 Concrete: A common way to recycle concrete rubble is as natural aggregate replacement 
in new concrete and as road base.  

 Ferrous metal: This is the most profitable and recyclable material and the market is highly 
developed. It is preferable if the material is reused directly. If not, it can be melted to 
produce new steel.  

 Glass: Glass can be directly reused as new windows (if removed with care and without 
breakage). Otherwise it can be recycled into the production of glass fibre, filling material 
for strengthening concrete, tiles (common in the U.S. due to its attractive reflective 
appearance) and aggregate in roads (Tam and Tam, 2006).  
 

Companies such as NCC would benefit from identifying low hanging fruits, such as e.g. recycling of 
floors. Especially for the floor waste fractions produced during construction. They are grinded 
down and become granular for new floors. Bigger construction companies normally have less 
knowledge about floor recycling since they use waste contractors without a system for e.g. placing 
out containers for floor recycling. 
 
A recent study conducted by NCC (Löfås et. al., 2015) examined the materials in an office of 22 000 
m2 certified with BREEAM-SE (the same certification system that will be used in the construction 
of the new NCC head office). Through analysis of log books it was evaluated to which extent the 
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materials in the office are recycled and reused. The study concluded that out of the 146 different 
types of products they studied, approximately half of them did not contain any recycled or reused 
material. Out of the products that did, there was a big spread on the percentage of recycled 
material within each product. More than half of them contained less than 40% recycled material. 
However, the potential for recycling is deemed much higher than what is actually being done. 
According to the manufacturers of the products examined, around 80% of the products have the 
capacity of being recycled materially, and half of it could even be reused in theory (Löfås et. al., 
2015).  
 
On the other hand, even if it is theoretically possible to reuse the material the study argues that it 
may not be preferable to use 50 year old material in new buildings for various reasons, and in 
many cases product development is necessary to ensure that the products are designed for 
deconstruction to be reused again (Löfås et. al., 2015). This is especially true when the material in 
the building and its content cannot be traced, which is why increased documentation and 
digitalization for future reference is important.  
 
However, circular economy is not merely about the three R’s (reduce, reuse, recycle). Besides a 
focus on constructing closed loop material flows, CE in relation to construction of commercial 
facilities also entail several other aspects, some of them which are described below.  
 
Material documentation: Documentation and digitalization of material information is being 
increasingly encouraged for reference on environmentally hazardous content, technological 
advances, measurements etc. which will facilitate future recycling and reuse of the materials. 
There are various ways of documenting contents and other information of construction material 
and components. The information registered in the Swedish log book system 
Byggvarudeklarationen makes it possible to inform on a product’s environmental aspects in 
various stages of its life cycle. The information is helpful when prioritizing choice of product and 
to document built-in products for future use and management. It can also include information on 
what percentage of the material that is recycled, and it is mandatory to disclose if the material has 
reuse potential (Löfås et. al., 2015). The most recent version (eBVD2015) has been launched with 
some improvements such as (SundaHus, 2016): 
 

- Inclusion of information connected to the certification systems LEED, BREEAM and 
Miljöbyggnad (e.g. chemical content, emissions from construction material) 

- The supplier needs to inform if the product is CE-marked (meaning they have been 
assessed to meet high safety, health and environmental protection requirements in the 
EU). 

- The supplier may also inform if they have done an EPD (Environmental Product 
Declaration) which is a third party controlled environmental declaration, and importantly;  

- The information can now be registered directly through an online tool. 
 
Furthermore, there are three major systems used frequently for documentation and to help 
choose materials and products that don’t have a negative effect on environment and health; 
BASTA, Byggvarubedömningen and Sunda Hus AB. NCC normally works with 
Byggvarubedömningen and it is likely that this will be applied in the new head office as well. An 
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important focus is on phasing out hazardous chemicals based on the EU chemical legislation 
Reach1 and the CLP Regulation.2  
 
A more innovative documentation measure is through the use of BIM (Building Information 
Modeling). An investigation by Svensk Byggtjänst (2013), a Swedish company for construction 
information, has revealed the possibility to assign qualities to objects in BIM models which 
throughout the construction process obtain more and more specific information, such as the 
location of where the product is placed in the building. This is a possible way to document material 
during the entire life cycle and create a material passport (Tucker et al., 2003). 
 
Design for Deconstruction (DfD) and flexibility: Construction material would have a better chance 
of being recycled or reused in the future if more buildings were designed for deconstruction, i.e. 
if consideration to the renovation or end-of-life of a building was taken already during the design. 
This would facilitate an easy deconstruction, recycling and reuse of the construction material. A 
pre-study to this thesis was performed at NCC in June 2015 on the topic of DfD (Tabrizi, 2015). The 
results are presented in Table 6 p.34 in the discussion showing strategies for DfD during the life 
cycle of a commercial facility.  
 
Regarding flexibility, many offices are already built with this in mind. Designing for flexibility is a 
way of preventing the production of waste. The fundamental principle of circular economy is to 
extend the life time of material by re-entering them into circular systems and thus viewing waste 
as a resource. Constructing a building that is built to last by allowing it to be designed for multiple 
purposes extends its life time and thus the life time of the material it is constructed of. An office 
can for example be restructured into housing, such as the company Ericsson’s previous head office 
in Stockholm that is being transformed into 350 apartments for young adults (Alm Equity, 2015). 
 
Demolition vs deconstruction: A pilot study (EMF, 2012) showed that deconstruction, i.e. 
selective demolition, rather than demolition of U.S. houses built in the 1950s and 1960s would 
divert 76% of the rubble produced from going to landfill, saving landfill costs in the process. 
Moreover, deconstruction case studies have shown important social benefits such as significant 
increases in labour requirements, local job creation and better employment conditions and 
educational opportunities. In Japan, Kajima Construction Corporation developed a new 
deconstruction technique that allowed it to recycle 99% of the steel and 92% of the concrete from 
a building (EMF, 2012). 
 
Business models: Business models for circular economy entail working towards a transformation 
of the current linear take-make-waste production systems to a circular one where resources in 
products are seen as assets rather than input. The challenge is figuring out how these assets can 
be continuously reintroduced to the market. An example is decoupling products from ownership, 
and instead providing a renting service, so called Product Service Systems, which allows for 
product take-back, in turn creating incentives for producing more sustainable and long-lasting 
products. The potential is large. On a circular economy development path, European GDP could 
increase as much as 11% by 2030 and 27% by 2050, compared with 4% and 15% in the current 
development scenario (EMF, 2015b). For the construction industry this presents opportunities 

                                                        
1  Reach is a legislation in the European Union meant for improving the protection of human health and 
environment from risks associated with chemicals, while increasing the competitiveness within the EU chemicals 
industry (ECHA, 2016a). 
2 The EU CLP Regulation ensures that the hazards presented by chemicals are clearly communicated to workers 
and consumers in the European Union through classification and labelling of chemicals (ECHA, 2016b).   
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through looking at optimizing the value chain, reducing landfill costs, minimizing future 
inventories through material passports, saving material costs through reversible building design 
etc.  
 
There is profitability in resource efficiency coupled with a positive effect on sustainable branding 
of a company. In many cases there is a need for building up the necessary infrastructure to 
facilitate circular business models, relating to construction methods, logistics, storage space, 
matching systems etc. for secondary products. Also in these stages, and in surrounding activities 
such as the actual construction process, circular business models can be applied. A study by IVL 
(2015b) shows that it is possible to significantly reduce carbon dioxide emissions from 
construction and demolition equipment with the help of circular business models, especially in 
the installation and construction sectors. 
 
Accenture’s five business models: Accenture (2015) has developed a framework of five circular 
business models that is based on research on over 120 companies using circular economy thinking 
and technologies to decouple economic growth from resource consumption. The framework 
represents business models along the whole supply chain from procurement to end-of-life 
disposal. The following is a summary of the five business models identified, with own suggestions 
on how they could be (and in some cases are) applied in the construction industry.  
 

1. Circular Supplies: Providing renewable, recyclable, or biodegradable resources.  
The aim is to convert the linear consumption process with circular ones and is especially 
useful for companies that use scarce commodities or have a large environmental footprint. 
The construction industry falls well within this category and working with design for 
deconstruction is one way of providing recyclable material, as the building is produced in 
a manner that enables the construction material to be recycled in the future. Besides 
avoided landfill costs, further income could come from renovation contracts between 
construction companies and the tenants. Currently, NCC’s business models comprise of 
constructing and then selling the buildings, thereby losing ownership and control of the 
building. But since the knowledge of how to deconstruct and renovate that specific type 
of building resides within the construction company, this creates incentives for the tenant 
to return to the company in times of renovation.  
 

2. Resource Recovery: Transforming waste into resources  
This model has the aim of not only recycling a product, but retain or increase its value 
through Cradle-to-Cradle design (Kim, 1992) and industrial symbiosis; a system in which 
industrial companies are linked and one company’s waste becomes the input of another. 
Accenture believes that this model is appropriate for companies that produce large 
volumes of by-product or that can reclaim and reprocess waste material from products. 
Considering that 40% of society’s waste comes from the construction industry, and that 
some resources are becoming increasingly scarce there is much potential for business 
models focused on transforming waste into a resource. NCC is already working to some 
extent with this, e.g. mineral waste.  
 

3. Product Life Extension: Extending the lifetime of products and assets  
The aim of this model is to extend the lifecycle of products as long as possible, and it is 
used by companies that profit from maintaining by repairing, upgrading and remarketing 
products. As this model is suitable for capital-intensive B2B and B2C companies, the 
construction industry could surely benefit from producing buildings that are built to last. 
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One way of ensuring a long life-cycle is to build flexibly, so that the building can be adjusted 
for various uses and tenants. For example, NCC’s head office in Oslo is designed with the 
consideration that it in the future might be converted into housing, minimizing future 
rebuilding costs, increasing its value, and extending its lifecycle (Tabrizi, 2015). 
 

4. Sharing Platforms: Sharing excess and underused capacity and resources  
A sharing platform is either an online or physical platform that facilitates the sharing of 
resources with the aim of ensuring that resources are effectively used. If the company 
focuses on providing this platform for other users, as Airbnb, Zipcar, BlaBlaCar and others 
do, revenue is generated by taking a small amount of the monetary value that is exchanged 
when users use the platform. However, companies can also focus on sharing their own 
resources more efficiently. For a commercial office, such a model can mean opening up 
the work space to external partners during times when that space is unoccupied by the 
permanent residents of that office. In Sweden, companies such as Workaround facilitate 
these models through connecting users who are looking for a temporary workspace with 
offices that have some desks and spaces currently unoccupied. Another idea is to share 
the bottom floor of the office with local entrepreneurs such as cafés, shops and other 
businesses, also creating a more dynamic work place. Parking space can also be shared 
with residents of the nearby community outside of working hours, ensuring a more 
efficient land use.  
 

5. Product as a Service: Choosing access over ownership  
The Product Service System business model decouples the functionality of products with 
ownership. Instead of selling products, companies lease them out or provide pay-per-use 
arrangements that allow customers to gain access to the products without them owning 
it. This is important because it creates incentives for companies to extend the lifetime and 
sustainability of the product and shifts income models from producing large volumes and 
sales to maintaining and re-leasing products. For a company building commercial facilities, 
this entails partnering with companies that employ product service system business 
models.  
 

Green management practices: A survey of building industry professionals indicates the perception 
of higher costs is the most commonly cited barrier to sustainable development. Sustainable 
strategies must also make financial sense for such building projects to be viable, meaning project 
managers are working with tighter budgets and profit margins on green projects. Robichaud & 
Anantatmula (2010) thus argue that a change in managerial practises is necessary to incorporate 
sustainable measures early in a construction project and that a green project improves its chances 
for financial success if a cross-discipline team is involved early on. Green management practices 
are also necessary as the existing supply chain is fragmented and operators are not working 
together. Robichaud & Anantatmula (2010) suggest working with the following principles: 
 

- Begin with the end in mind: set specific sustainability goals and project priorities for green 
building features before initiating design and construction.  

- Integrate the project team: hire the project manager and the key members of the project 
team early in the project’s feasibility stage to ensure collaboration.  

- Design with the whole team approach: all members of the project team should continue 
to participate in the formal design phase, initial price estimating, and construction 
document development.  
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- Use bonuses and rewards in project contracting: use cost-plus-fee arrangement with 
special clauses to promote efficiency and incorporate incentives and bonuses for 
implementing sustainable practices and exceeding sustainability goals.  

- Provide for training and communications throughout construction: conduct kick-off and 
monthly meetings with the entire site workforce, including a sustainable education 
component in sessions.  
 

Work is being done on greening management practices in construction through the EU project 
BAMB (Buildings as Material Banks). They are developing a Building Level Integrated Decision 
Making Model to support resource effective decision making in the building process for new and 
existing buildings. The ambition is to make parts of the model BIM compliant so as to aid users 
and designers into better choices and enhance reuse potential and transformation capacity 
throughout the buildings various life cycle phases (BAMB, 2016).  
 
Enablers of circular economy in the construction industry: In order to facilitate the progress 
towards a circular economy a number of research and innovation projects have been launched in 
EU and Sweden. The European Innovation Partnership (EIP) on Raw Materials is a stakeholder 
platform for addressing innovative solutions to raw material issues. Within this platform the 
commitment C&D-WRAM, consisting of 47 members from 14 EU countries, has the aim of 
developing circular economy strategies for CDW until 2020 (European Commission  [EC], 2016a). 
The previously mentioned EU project BAMB has the aim of preventing CDW, reducing 
consumption of virgin raw material, and developing towards a circular economy. The focus is on 
two areas: 1) materials passports and 2) reversible building design (i.e. design for deconstruction). 
The project will develop new business models for circular value chains together with strategic 
industrial partner- Swedish partners are the municipality of Ronneby and SundaHus in Linköping- 
and demonstrate through building pilots where reusability of materials is tested (Cordis, 2016).  
 
In Sweden, NCC Construction is involved in the project RePlan (Vinnova, 2015). The project 
addresses the challenge of product innovation with the aim of increasing resource efficiency and 
flexibility within the construction and recycling industries through better utilisation of the two 
industries’ production networks.  More specifically the focus is on developing, implementing and 
spreading planning processes with supportive IT tools to facilitate long-term planning over several 
units and projects. This because studies show that better planning within the two industries can 
significantly lower the costs with 20 percent (Vinnova, 2015).  
 

3.1.2 Circular economy at NCC 
NCC already takes consideration to circular principles to some extent. NCC Roads (now called NCC 
Industry) has previously focused on mineral construction waste such as asphalt, and now works 
with obtaining construction waste from various facilities for processing and recycling through NCC 
Recycling. Furthermore, steps have been taken towards increased recycling through the opening 
of a new recycling facility in Gothenburg, Sweden, where also material from above ground will be 
taken care of (such as gypsum, paper, combustibles, timber and mixed materials) (NCC,2015). A 
majority of the recycling entails energy recycling and not material recycling. In order to move 
forward with resource efficiency it is necessary to not only develop our competence with regard 
to recycling, but to move further up the waste hierarchy towards reuse and waste prevention. 
 
NCC has drawn up a chemicals procurement strategy in order to refrain from construction 
materials that are hazardous to the health and environment. In addition to taking consideration 
to rules and regulations such as REACH, NCC receives solid guidance on how to phase out the most 
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hazardous substances through various tools and databases (NCC, 2014). Phasing out hazardous 
substances creates better conditions for the material to be used in new projects in the future. 
However, further value for resource efficiency and NCC could be created through looking at not 
only the environmental hazard of the material but also its design, durability and potential for reuse 
and recycling.  
 
As the history of materials is very important NCC also conducts material documentation with the 
help of e.g. certifications and log book keeping through e.g. the log book system 
Byggvarubedömningen. Keeping a log book can contribute to construction and demolition waste 
being more efficiently recycled. With increased demands on material documentation and 
awareness of how all processes affect the quality of the final product, logbooks are developing 
and the ambition is to include information on the construction components in the product 
categories E, F, G, H, I, J, K, L, M, N and Z according to BSAB 963. The log book should include at 
least information on type of material, product name, manufacturer, content declaration and year 
of establishment, but preferably also on the products placement and approximate amount in the 
building. An opportunity is presenting itself through e.g. BIM (Tabrizi, 2015). 
 
The work with life cycle analysis is also progressing and is under development in NCC, offering 
further opportunities to analyze the effects and environmental benefits of resource efficiency. 
NCC has the ambition of working more with renewable energy. They are working on replacing 
fossil fuels with wood pellets in their asphalt production, developing low energy use buildings, and 
climate compensating through planting trees (Tabrizi, 2015). All of these examples are a starting 
point for working with circular economy, and a platform from which further innovation can be 
developed.   
 
For the planned new head office NCC wants to explore options for circular economy, and the 
certification system and level BREEAM Excellent+ will be strived for, where + means that an extra 
measure will be taken to profile the building from a sustainability perspective. That extra measure 
could be working with circular economy.  
 

3.1.3 Legislation 
Rules and legislation on EU level as well as national level support the notion that circular economy 
is playing an increasingly important role in the design and handling of products and services. The 
following are some examples: 
 
EU Waste Framework Directive (2008/98/EC): According to the EU Waste Framework Directive 
reuse, material recycling and other recycling of non-hazardous construction and demolition waste 
(excluding energy recycling) shall increase to at least 70 weight percentages before the year 2020. 
All member countries must also have a national waste plan (EC, 2016b). It needs to include 
examples of how to achieve a more resource efficient society based on the environmental targets 
of the member country and EU: s waste hierarchy (Figure 2). The waste hierarchy shows the order 
of priority for how to handle material that are no longer in use and are considered waste.  
 
Waste prevention, meaning reducing the amount of waste generated at source and reducing the 
hazardous content of that waste, is regarded as the highest priority. It is closely linked with 

                                                        
3 BSAB is a classification system owned and managed by Svensk Byggtjänst. The purpose of BSAB is to identify, 

classify and sort information in a homogenous way for all construction activities (Svensk Byggtjänst, 2016).  
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manufacturing methods and design. The hierarchy also reflects how reusing material is generally 
more sustainable from a life cycle perspective than recycling, using for energy recovery, or simply 
disposing of on a landfill (EC, 2016b).  
 

 
Figure 2: The waste hierarchy adapted from the EU Waste Framework Directive (2008/98/EC).  

 
 
The Swedish government has suggested that the waste hierarchy found in the EU Waste Directive 
be included in the Swedish Environmental Code. The regulatory changes are expected to 
commence in July 2016 (Recyclingnet, 2016). Furthermore, as of March 2016 waste-and recycling 
companies are obligated to, with the help of the waste codes in the waste hierarchy, report on 
the received amount of CDW and how these are treated. The improved waste statistics reporting 
is expected to support the monitoring of the recycling targets for CDW according to the EU Waste 
Directive (Naturvårdsverket, 2015).  
 
EU Circular Economy Package: In December 2015 the EU Commission presented the EU Circular 
Economy Package (EC, 2015). The plan builds on a number of regulatory activities that are aimed 
at “closing the loop” in products life cycle through increased material recycling and reuse. There 
is also a focus on eco design to foster repairment, sustainability and reusability of products. Among 
others IVL (IVL, 2016) and the Swedish Construction Federation (BI) (Sveriges Byggindustrier, 2016) 
have issued statements of opinion. IVL e.g. believes it is a good proposal but that it could be more 
concrete and among other things lacks initiative for placing demands on production companies to 
use recycled raw material in order to create a market for this. BI also supports the package and 
highlights the importance of clear inventory guidelines before demolition so that unwanted 
substances can be phased out and as much as possible can be recycled.  
 
However, the package also faces resistance from some. The European concrete industry has 
expressed concern regarding the recycling of material. The director general of Construction 
Products Europe was quoted saying that “we have to be very careful when establishing new 
standards. Concrete can be recycled, that’s all well and good, but what about insurance, safety, 
the reliability of European construction? Today, earthquakes in Europe are not deadly because of 
excellent quality of our buildings. This is not true of Pakistan, for example” (Euractiv, 2016). 
 
North Sea Resources Roundabout (NSSR): A so called green deal has been signed between 
countries in the North Sea region to facilitate the international trade of recyclable material such 
as plastic and material which remain after incineration such as aluminium and lead. They are often 
difficult to trade internationally as secondary raw materials are regarded differently in different 



 

20 
 

countries. So far Sweden is not a part of this voluntary trade agreement, but it points to a shift in 
attitude and a push for more progressive legislation for CE (Greendeals, 2016). 
 
EU Construction Products Regulations (CPR, 305/2011): The EU Construction Products Directive 
(CPD, 89/106/EEG) has been replaced by the Construction Products Regulations placing higher 
demands on products being able to be recycled. The aim is to ensure reliable information on 
construction products in relation to their performances by providing a common technical language 
(Naturvårdsverket, 2016a). The replacement meant that the following requirements were added 
regarding sustainable use of natural resources (EUR-Lex, 2011). 
 
The construction works must be designed, built and demolished in such a way that the use of 
natural resources is sustainable and in particular ensure the following:  
(a) Reuse or recyclability of the construction works, their materials and parts after demolition.  
(b) Durability of the construction works.  
(c) Use of environmentally compatible raw and secondary materials in the construction works.  
 
General advice (2013:15) for demolition waste: In Sweden there are new recommendations for 
demolition waste from Boverket, the Swedish National Board of Housing, Building and Planning, 
since 2013. In accordance with their general advice (2013:15) for demolition waste (Boverket, 
2013), information on how demolition waste is going to be handled should be included in the 
control plan. The purpose is to improve the conditions for the hazardous waste to be handled in 
an environmentally beneficial way as well as to ensure that more material from demolition can be 
reused and recycled. However, there seems to be a lack of follow up from supervising authorities. 
Further guidelines can be found in ”Guidelines for resource- and waste management during 
construction and demolition” which is developed by the Swedish construction industry and 
includes industrial norms and support for correct waste management and waste prevention 
measures (Sveriges Byggindustrier, 2015). 
 
The effect of landfill tax and bans: EU discourages waste being handled through the last option in 
the waste hierarchy, landfilling, through the EU Landfill Regulation (99/31/EG). An example of a 
country that has successfully implemented landfill laws to encourage a climb upwards in the waste 
hierarchy is the Netherlands. The Dutch introduced a landfill ban on several waste categories, 
including construction – and demolition waste, in 1995 due to the Netherlands being densely 
populated and experiencing a shortage of space (Scharff, 2014). Included was the Demolition and 
Construction Waste Landfill Ban with the objective to promote separation of CDW into component 
streams which are transported to processing plants instead of leaving the industrial cycle. The ban 
applies not only to reusable CDW but also to the residues from CDW processing (sorting and 
crushing). This resulted in a significant reduction in the volume of waste to be landfilled (van Dijk 
et al, 2001).  
 
The country thus experienced a sharp decline in number of landfill stations from 80 to 22 between 
1995 and 2005, and in 2011, there were two landfill tax levels (at that time the highest in Europe): 
€108 per tonne for ‘combustible waste’ and €16 per tonne for ‘non-combustible waste’. As the 
systems for reuse and recycling were put in place, the landfill tax has since been removed but the 
landfill bans remain.  Today the Netherlands is nearly landfill free (Scharff, 2014).  
 
These initiatives have prompted a new way of thinking about waste, causing a shift towards 
viewing waste as a resource and creating new strategies for design and resource efficiency.  
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In Sweden there is no landfill ban on CDW but there is a tax on landfills. Similarly to the 
Netherlands, since the middle of the 90’s, the amount of waste on landfills has decreased as a 
result of legislation and the increased resource value of waste. Besides mining waste the landfilled 
waste consists of different types of mineral waste. A large part of this is construction material such 
as concrete, bricks, sand and stones that the Swedish EPA (Naturvårdsverket) judges could be 
utilized better as construction material (Naturvårdsverket, 2015). As of 2015 the landfill tax in 
Sweden was increased to 500 SEK per tonne, approximately half of the tax on combustible waste 
in the Netherlands when it was at its highest before it disappeared (Avfall Sverige, 2014).    
 

3.2 Multi-Criteria Decision Analysis 
The steps and their content are based on the recommendation in the manual by Dodgson et. al. 

(2000).  

3.2.1 STEP 1: Establishing the decision context 

Aim  
NCC wants to move in the direction of a circular economy. However, the definition of CE and its 
various applications to the construction industry present different option, such as recycling, 
reusing, designing for deconstruction, using product service system business models etc. As NCC 
has relatively recently started discussions on CE, there is a lack of capacity or resources to focus 
on all of the options at the same time and must therefore choose the best available option in order 
to meet their needs and start learning about how to work with CE. NCC’s needs and preferences 
will be formulated by an NCC focus group during the course of this MCDA. Another aim of 
conducting this MCDA is to communicate and educate about the topic since an MCDA carried out 
very early in the life of a new project can usefully guide the search for further information.  
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Stakeholder analysis  
In Table 2 stakeholders relevant to circular principles and construction-and demolition waste 
management within and external to NCC are identified. The analysis is based on the Mitchell et al. 
(1997) system of stakeholder identification and salience where a stakeholder is judged by the 
three attributes power, legitimacy and urgency. This helps determine the salient and influential 
stakeholders and thus key decision makers. Further delineation and the logic behind the 
classifications can be found in Appendix 2.  
 
Table 2: Stakeholder analysis showing salient, expectant and latent stakeholders 

Stakeholder Participation Societal level Influence 

   Power Legitimacy Urgency 
NCC  Decision-maker Corporate    
White Architects Decision-maker Corporate    
Tenants  Decision-maker Corporate    
Investors Decision-maker Corporate    
Waste companies  Participant Corporate    
Demolition contractors Participant Corporate    
Stockholm County 

Administrative BoardI  
Decision-maker Regional    

Swedish EPA2  Participant National    
Municipality of Solna Decision-maker Municipal    
National Board of Housing, 

Building and Planning3 

Participant National    

The Swedish Construction 

Federation4 

Participant Organizational    

Sweden Green Building 
Council 

Participant Organizational    

Buyers of CDW Participant Corporate    

Surrounding property 
owners 

Participant Corporate    

The Swedish Recycling 
Industries’ Association5 

Participant Corporate    

Swedish Chemicals 
Agency 

Participant National    

I Länsstyrelsen i Stockholm 3 Boverket  5Återvinningsindustrierna (ÅI) 
2 Naturvårdsverket 4 Sveriges Byggindustrier (BI) 
 

KEY 

Highly salient  “The ability to portray an opinion and induce or cause change to an 

actor initially not in favor to do so.” (Mitchell et. al. 1997) 

Expectant “The ability to act as a social role model in a culture where the 

decision will be taking place.”  

Latent  “The level of urgency portrayed by a stakeholder’s requests.”          
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Socio-technical system   
As the process of gathering all stakeholders in focus groups is quite challenging and the real 
interest with this MCDA is finding a suitable approach for NCC, only NCC representatives are used 
in the focus groups. They are to contribute to the MCDA through facilitated workshops. Because 
participants are chosen to represent all the key perspectives on the issues (in this case social, 
environmental, economic), the workshops are often dynamic, creative sessions, with much 
exchange of information between participants whose areas of expertise differ. A single session is 
rarely successful as people require time to digest the information. Therefore the work will be 
divided into two workshops or focus groups. The first, where the criteria are formulated, is in a 
bigger group of approximately 10 people to capture many perspectives. The second, where the 
consequences of the criteria with regard to the different options are scored, consists of a smaller 
group of 4-5 people to allow for more in-depth discussions and focus.  
 
According to Dodgson et al. (2000) an MCDA used to prioritize proposed projects within some 
governmental unit (or in this case, a company) will involve few if any outsiders and will thus 
necessitate a simpler form of MCDA. Straightforward methods require that preferences associated 
with the consequences of the options are independent of each other from one criterion to the 
next. I.e. if you can assign preference scores for the options on one criterion without knowing 
what the options’ preference scores are on any other criteria is, then this criterion is preference 
independent of the others. If this is true for all criteria, the linear additive model can be used, 
which is the case in this study.  
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SWOT-analysis and causal loop diagram 
 Table 3 shows the SWOT-analysis performed with the help of the supervisor at NCC. It includes 
some important factors affecting the ability of NCC to construct a commercial facility using circular 
economy principles. 
 
Table 3: SWOT-analysis showing strengths, weaknesses, opportunities and threats with CE for NCC 

 Helpful to achieving the objective Harmful to achieving the objective 

Internal origin 
(attributes of the 
organization) 

Strengths 

 Big and well-known company with 
resources 

 Established contacts with relevant actors 
 Knowledge through many years in the 

business 
 Expressed core value: pioneering spirit 
 Sustainability ambitions through Guiding 

Star for NCC PD 
 Already working with resource and waste 

issues through NCC Recycling and NCC 
Roads, suggesting interest, knowledge 
and acceptance for waste hierarchy  

 Economic incentives for efficient resource 
management  

Weaknesses 

 Big company also means 
complicated internal 
communication and cooperation 

 “Fear” of leading the way with 
new solutions and business 
models in case of failure 

 Lack of control of entire value 
chain 

 Weak connection to waste 
industry because of business 
model where commercial 
properties are built and then sold 

 Unclear roles and responsibilities 
for coordination of waste 
management issues from life 
cycle perspective 

 Not viewing from a long-term 
perspective 

 Loss of sustainable competitive 
advantage to competitors 

 

External origin 
(attributes of the 
environment) 

Opportunities 

 Legislation: EU circular economy package, 
national waste prevention plan, EU waste 
directive 2008/98/EC, national waste 
prevention plan, etc. 

 EU and national resource innovation 
programme investments: Horizon 2020, 
HISER, Re:Source, Mistra REES, etc.  

 Strengthening sustainable brand 
 Preventing and minimizing CDW in 

society 
 Developing important contacts through 

partnering 
 Long-term savings from green design and 

resource efficiency 
 Market competitiveness by becoming 

leaders of circular economy in the 
business leading to attractiveness for 
customers and future employees 

 Improving quality through flexible design 
 Harnessing technological changes  
 Socio-cultural changes in demand and 

awareness of customers and market 
 Increased pressure on detailed 

documentation of composition of 
construction material  

Threats 

 Currently limited market for 
secondary construction material 

 Lack of infrastructure in place for 
recovery, transportation and 
storage of secondary construction 
material 

 Perception of and skepticism 
towards secondary construction 
material 

 Lack of system for quality 
guarantees  

 Marketplace not changing to 
create a second hand market 
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In order to understand the implications of working with principles of circular economy at NCC a 
causal loop diagram (Figure 3) has been developed which shows the larger political, economic, 
social and technological environments in which the analysis is to be conducted.  
 

 

Figure 3: Causal loop diagram. 

Key variables are shown with arrows representing causal relationships between them (Kim, 1992). 
The direction of the arrow marks the direction of the effect. The sign “+” or “−” at the upper end 
of the arrow exhibits the sign of the effect; a“+” sign indicates that the variables change in the 
same direction and a “−” sign indicates the opposite. The diagram is self-explanatory but an 
example of a causal relationship is how stricter regulation aimed at increasing rate of reuse and 
recycling of CDW may create incentives for construction companies to be more resource efficient 
and implement e.g. design changes. This in turn may increase the reuse and recycling ratio, 
ultimately leading to savings in raw material purchases, landfill and transportation costs as well as 
generate revenue from a secondary materials market.  
 

3.2.2 STEP 2: Identifying the options to be appraised  
The options for working with circular economy principles chosen for analysis in this study were 
identified and chosen through a literature review and in conversation with supervisors and various 
people in the field. Normally, an MCDA also includes a default option, i.e. “business as usual”. 
However, for this study it has been decided that business as usual is not an option for the 
construction industry. There is an absolute need to work with resource efficiency and circular 
economy. However, the three options chosen in this study can still be related to how the situation 
is currently when deciding on the objectives, criteria and consequences discussed later.  
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OPTION 1- WASTE AS RESOURCE: Material reuse and recycling 
Choosing to work with option 1 entails using the already existing stock of secondary material and 
incorporating them into new NCC buildings, or to work with finding new users for secondary 
material from discarded NCC buildings. See pp.11-13 for definitions as well as examples of material 
types possible to reuse and recycle. In terms of the new head office the flow of material could go 
in any of the following directions:  

- From the old head office to the new head office 
- From the old head office to buildings adjacent to the new head office 
- From the old head office to external users for use in any type of construction 
- From the stock-pile of secondary material from external buildings to the new head office 

or adjacent buildings.    
 

OPTION 2- CIRCULAR DESIGN: Design for Deconstruction  
Choosing to work with option 2 entails having an earlier on approach to the circularity of the 
building and taking into account how the material in the building will be handled already in the 
design phase. The chosen approach within this category is design for deconstruction. See the pre-
study (Tabrizi, 2015) and Discussion for a more in-depth description of DfD. Other possible design 
principles could include working with cradle-to-cradle (C2C) certified products and having a C2C 
approach to the design in general (there is currently no way of certifying an entire building with 
C2C) (Kim, 1992). 
 
OPTION 3- CIRCULAR BUSINESS MODEL: Sharing Platforms 
For this study business model number 4 as described in the literature review pp. 15-16 has been 
chosen as an option to analyse. This option entails working with a more resource efficient use of 
office space and was deemed most relevant for the following reasons:   

- There is a need. As NCC is a construction company, many employees are often working in 
the field. In combination with NCC having the ambition of building more flexible and 
activity based offices this allows for an opportunity  to generate extra revenue and 
efficient space management by leasing temporary work-spaces to external actors. Issues 
with confidentiality and company secrecy need to be resolved.  

- NCC is already thinking in these terms. In the construction of the new NCC head office in 
Solna the idea of leasing out parking spaces after work hours have been brought up, and 
NCC is interested in exploring this possibility. The mind-set is therefore already in place.  
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3.2.3 STEP 3: Identifying objectives and criteria  
Together with the focus group at NCC the following criteria were developed (Figure 4), including 
criteria and sub-criteria for assessing the consequences of the three options chosen. The objective 
of the MCDA, which the participants were asked to relate to when developing the criteria, was to 
find an option that allows for a sustainable use of construction material and natural resources in 
a way that can generate value for NCC. 

 

Figure 4: MCDA criteria developed with NCC focus group. 

3.2.4 STEP 4-6: Scoring, weighting and overall preference score  
The Summary Appraisal Tables (presented in Appendix 3 due to limited space) describe the 
consequences of the three options, taking each criterion into account. Step 4 entailed that the 
options be scored based on these consequences using relative preference scales (0-100). These 
measures express the value associated with the option’s consequence on a particular criterion. 
The criteria were scored by three people at NCC: a sustainability specialist, a project leader at NCC 
Property Development and a HSEW manager (health, safety, environment, quality). The group was 
also asked to assign weights (1-100) to the criteria based on preference and importance (step 5). 
Thereafter, in step 6, the weights and scores for each option were combined to derive an overall 
value, i.e. the weighted average of its score on all the criteria. Scores and weights for criteria as 
well as overall preference scores for the options are summarized in Table 4.  
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Table 4: Scoring, weighting and overall preference score of criteria and options 

CRITERIA OPTION 1 
Waste as 
resource 

OPTION 2 
Circular 
design 

OPTION 3 
Circular 
business 
model 

WEIGHT 

SOCIAL SUSTAINABILITY     

Job creation 0 100 100 30 

New business opportunities 100 50 0 90 

New competence & knowledge 100 60 0 70 

Quality of materials 80 100 0 60 

Work environment 0 60 100 90 

Guarantees 0 100 40 70 

Material documentation 0 100 20 80 

Control over supply chain 90 100 0 70 

ENVIRONMENTAL 
SUSTAINABILITY 

    

Energy demand 100 70 0 90 

Renewable energy 100 100 0 70 

Biodiversity 30 0 100 50 

Hazardous material 50 100 0 80 

Emissions & indoor environment 70 100 0 70 

ECONOMIC SUSTAINABILITY     

Traceability/documentation 70 100 0 90 

Innovative leadership and 
planning 

100 0 40 90 

Profit visualisation 100 0 100 90 

System support for planning 0 100 30 30 

Overall preference score 77,700 85,400 34,900  

 

3.2.5 STEP 7: Examining the results 
In the scoring and weighting process option 2, circular design (or design for deconstruction) 
receives the highest overall preference score when scored and weighted in accordance with the 
NCC criteria. Option 1, i.e. working with existing waste as a resource received less points but did 
not fall far behind on the priority last. However, option 3, sharing platforms, received a relatively 
low score compared to option 1 and option 2. Both option 1 and 2 are twice as preferred as option 
3. The criteria that received the highest weights (90 out of 100) were new business opportunities, 
work environment, energy demand, traceability/documentation, innovative leadership and 
planning, and the ability to visualize profit. The lowest weights were appointed to job creation, 
biodiversity and system support (30, 50 and 30 points out of 100 respectively).  
 
The results suggest that NCC would benefit from directing resources towards working with DfD. 
It’s an innovative approach that enables control over the supply chain and material content 
through material documentation. This in turn improves possibilities to ensure guarantees and 
minimizes the risk of reusing hazardous material that may have originally been built in by allowing 
for a chance to remove these during deconstruction. However, seeing as option 2 received a 
similar score, NCC should simultaneously explore better ways of reutilizing already existing CDW. 
In fact, developing better reuse and recycling practises is a pre-requisite for DfD to reach its full 
potential.  
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In short, option 2 is a priority and a long-term innovative approach to circular economy, while 
option 1 is comparably important and one of the solutions to both the current and future waste 
streams. It was also evident that option 3 has many benefits but with NCC’s current business 
where buildings are built and sold, it is difficult to work with sharing platforms as this is mostly 
something that will have to come from the tenant side. On the other hand, when looking at the 
new head office as an example, NCC happens to be the tenant as well as the producer.  
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3.2.6 STEP 8: Sensitivity analysis 
A sensitivity analysis was performed to find how the results reply to changes in the weighting. The 
different scenarios simulated were giving equal weights to all criteria, giving higher weights to the 
criteria related to social sustainability, giving higher weight to the criteria within environmental 
sustainability and finally giving higher weights to the criteria within the economic sustainability 
category. This was done in order to discern how the results would vary depending on the specific 
interest field and preferences of the focus group. The results of these analyses are shown in Table 
5.  
 
The table shows that the priority stays the same in all scenarios except for when the economic 
criteria are given a higher weight. In this situation Waste as Resource was considered a better 
option than Circular Design. Thus, no option consistently comes out as the most preferred. Also, 
when the social perspectives are highlighted, Circular Design stands out more as the most 
preferable option, scoring significantly higher than the remaining two options as opposed to Base 
case (or actual weighting) where Waste as Resource and Circular Design scored similarly.  
 
Table 5: Sensitivity analysis looking at different weighting methods 

      

Weights for the different 
perspectives:  

Base 
case 

Equal 
weights 

Social 
view 

Environmental 
view 

Economic 
view 

SOCIAL SUSTAINABILITY      

Job creation 30 100 100 10 30 

New business opportunities 90 100 100 10 30 

New competence & knowledge 70 100 100 10 10 

Quality of materials 60 100 100 20 10 

Work environment 90 100 100 10 10 

Guarantees 70 100 100 20 10 

Material documentation 80 100 100 20 10 

Control over supply chain 70 100 100 20 20 

ENVIRONMENTAL 
SUSTAINABILITY 

     

Energy demand 90 100 20 100 30 

Renewable energy 70 100 10 100 10 

Biodiversity 50 100 20 100 10 

Hazardous material 80 100 30 100 10 

Emissions & indoor 
environment 

70 100 40 100 20 

ECONOMIC SUSTAINABILITY      

Traceability/documentation 90 100 20 20 100 

Innovative leadership and 
planning 

90 100 30 10 100 

Profit visualisation 90 100 10 10 100 

System support for planning 30 100 20 10 100 

Overall preference score      

Option 1: Waste as resource 77,700 99,000 50,300 43,800 39,800 

Option 2: Circular design 85,400 124,000 80,400 50,700 36,800 

Option 3: Circular business 
model 

34,900 53,000 30,800 14,700 22,600 
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4. Discussion and conclusion 
Below is discussion and conclusion of the feasibility and application of the results of the MCDA.  
 

4.1 Results of the MCDA 
Stakeholder analysis: The MCDA revealed the most salient stakeholders and key decision makers 
in relation to implementing principles for circular economy, with the new head office as an 
example. Besides NCC, the Stockholm County Administrative Board and the municipality of Solna 
turned out to be stakeholders with both power, legitimacy and urgency, and should thus be looked 
out for. A critique to such a stakeholder analysis is that the purpose is to reveal the salient 
stakeholder in order to focus attention and effort on these. Thus, if only salient stakeholders are 
listened to and not the latent stakeholders, there is a risk of minority voices getting lost. 
 
SWOT analysis: The strength of NCC for working with CE, as shown in the SWOT-analysis, is that it 
is a well-established company with resources and established contacts with actors that implement 
the options appraised. However, being a big company can also be a weakness as it complicates 
the internal communication, creates longer distances between decision and implementation, and 
creates a fear of leading the way with innovative solutions in case of failure. Also, NCC’s business 
model where commercial properties are built and then sold creates a weak connection to the 
waste industry and there are at times unclear roles and responsibilities for coordination of CDW 
management issues from a life cycle perspective.  
 
On the other hand there is already an expressed ambition to work with sustainability and there is 
already work being done through e.g. NCC Recycling, even though there is a need to move further 
up the waste hierarchy. The industry in general is not well known for making decisions based on 
long-term sustainability and as Design for Deconstruction could mean a pay-back time of several 
years, there is a need for a strong sustainability communication in order to convey the benefits of 
investing in its principles.  
 
Causal loop analysis: The causal loop diagram shows some causal relationships between e.g. 
drivers and impacts of working with CE. For example, incentives to manage CDW more efficiently 
can come from more stringent regulation and the possibility of lowering the waste disposal 
costs. Increased incentives can in turn lead to more investments in waste management, design 
changes, improved waste sorting and material documentation etc. Especially important is the 
documentation of material which would enable better guarantees of the quality, and thus the 
perception, of the secondary material. A positive feedback loop was identified: increasing the 
reuse and recycling ratio  total waste materials saved  disposal costs lowered  incentives 
to manage waste increased  increased waste sorting as well as design changes  back to 
increased reuse and recycling ratio. On the environmental side, an increase in reuse and 
recycling ratio means less raw material used, lessening the burden on the environment.  
 
This improves the certification possibilities for NCC buildings and improves the image of NCC in 
turn raising the company’s competitiveness creating a greater demand among sustainably 
conscious customers. Besides a decreased raw material use, the total waste materials saved also 
means lowered transportation costs, lower raw material purchasing costs and extra revenue 
from selling waste materials.  
 
Choice of criteria: There is always a risk that all criteria that could be relevant are not included 
during the criteria development process. For example, surprisingly enough not many criteria 
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related to the economics or feasibility of the alternatives were included by the focus group. Other 
criteria that could have been added are the ability of the alternatives to attract new employees, 
legislative support etc.  
 
Results of weighting, scoring and sensitivity analysis: The results of the MCDA suggest that NCC 
should fully fund option 2 (Circular Design: design for deconstruction), partially fund option 1 
(Waste as Resource: reuse and recycling) and discard, at least for now, option 3 (Circular Business 
Model: sharing platforms). Option 2 always scored higher except for when economic criteria 
received a greater weight resulting in option 1 as a most preferable option. This suggests that the 
composition of the decision-making group is essential for the outcome of the MCDA. As economic 
interests not seldom dominate such decision-making processes, inviting experts in social and 
environmental sustainability in the MCDA would ensure that the criteria development, scoring 
and weighting deliver an overall more sustainable option for how to approach CE.  

 

4.2 The potential of using MCDA as a decision-making tool for CE 
A critique on multi-criteria analysis in general is that (although objective and quantitative data 
may also be included) the subjectivity can sometimes be a matter of concern as it is based on the 
decision makers’ own choices of objectives, criteria, weights and assessment methods (Dodgson 
et al, 2000). Other options for this study would have been to perform a more quantitative study 
with close ties to industrial ecology, such as analysing mass flows, life cycles etc. However, as the 
topic of circular economy is still in such an early stage in the construction industry it was deemed 
more relevant to present a more holistic analysis.  
 
An alternative approach could also have been to perform a Cost‐Benefit Analysis (CBA). However, 
Dodgson et al (2000) argue that a multi-criteria analysis can provide better structure, analysis and 
openness to the decision process than a more practically oriented CBA. Such a CBA study would 
include relevant impacts which are not valued and are in some cases even regarded as relatively 
minor. These impacts would then be listed alongside the overall estimates of those net social 
benefits which can be valued. In some cases they may tip the balance of the choice ordering, and 
in other cases be regarded as not sufficient to change the ordering. There may also be 
circumstances in which there are relevant and important elements of impact for which satisfactory 
values have not been derived. In these cases a CBA is not enough and MCDA techniques may be 
useful (Dodgson, et. al., 2000). Thus, an MCDA is more appropriate than a CBA for appraising 
circular economy efforts at NCC for the following reasons: 

- Efforts for circular economy will likely result in impacts that will have major environmental 
and social consequences which are of great importance. 

- There are no generally accepted valuations for these environmental and social effects. 
 

An MCDA often contains a combination of monetary and non‐monetary criteria, although in this 
particular instance monetary impacts was challenging to find as very few construction companies 
have implemented and evaluated CE solutions so far. NCC could develop this study by quantifying 
the risks of e.g. reuse and re-calculate to monetary values with the help of insurance companies. 
Various companies are currently developing tools for assessing economic feasibility of circular 
principles.   
 
Ultimately, an MCDA was deemed a helpful decision-making tool for CE principles. While the 
scoring and weighting is subjective and it is challenging to quantify the criteria, the strength lies in 
bringing a new and innovative topic on the agenda by gathering key decision-makers in focus 
groups to discuss and learn. To improve the MCDA, the process should be more dynamic allowing 
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for inputs into the options to be appraised. New options can be added and revisited during the 
MCDA. If time allowed for a revision of the options to be appraised, it is possible that the five 
business models developed by Accenture (pp.15-16) could have served as a basis instead of the 
three options chosen here.  
 

4.3 Application of results 
The results point to Design for Deconstruction as a suitable approach for NCC. As the pre-study 
happened to relate to this topic it is more natural to read the pre-study as a follow-up of this 
report instead. A more thorough description of DfD can be found there as well as some case 
examples of previous commercial facilities that have applied the principles. Through a 
combination of literature review and interviews with approximately fifteen NCC employees the 
following strategies for how to work with DfD were identified (Table 6).   
 
Table 6: Strategies for DfD throughout the life-cycle of a building, developed in pre-study (Tabrizi, 2015) 

LIFE CYCLE 
PHASE 

ACTION FOR DESIGN FOR DECONSTRUCTION (DfD) 

Material 
acquisition 

 Choosing non-hazardous material with high quality. 

 Choosing easily reusable and recyclable material. 

 Minimizing the mixture of material for easier separation.   

Planning and 
Design 

 Consideration to future alternative uses of the building so as to ensure 
flexibility, e.g. with regard to flexible/natural installations and allowing for 
building to be reused as e.g. housing.  

 Separate building systems to facilitate removal of low-value components.   

 Working towards increased standardization, prefabrication and modularity. 

 Increased communication with buyers, planners and constructors at earlier 
stages.  

 Strive to achieve timeless design.   

Construction  Consideration to the layering and interface between materials for easier 
separation. E.g. if bricks were attached in another way than through mortar 
and other material that is costly to clean and separate, it would be viable 
and economically feasible to reuse bricks.   

 Documentation, inventory and plan for future handling of deconstructed 
material.  

Use  Consideration to the flexibility of the building during renovation, 
minimizing unnecessary reconstruction work. 

 Collection plan for consumables and durables during renovation. 

End-of-life  Evaluate the building for alternative uses.  

 Evaluate different method options for demolition/deconstruction so as to 
ensure salvaged material with high quality and potential for reuse and 
recycling.  

 Follow deconstruction instructions presented through BIM or log books. 

 Adopt a disposal strategy and create feedback data 

 Separate at source.  
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4.4 Final remarks 
Legislation is catching up through the EU circular economy package, national waste prevention 
plan, EU waste directive etc. Several EU and national resource innovation programmes mentioned 
in this report are currently investing the topic of CE in the construction industry. Working with DfD 
and resource efficiency will help strengthen NCC’s sustainable brand and market competitiveness 
by becoming leaders of CE in the business, leading to attractiveness for customers and future 
employees. It can also help prevent and minimize CWD in society and help NCC develop important 
contacts through partnering with actors working towards the same aim. The quality of the 
buildings can be improved by harnessing technological improvements and flexible design easily 
adapted to the tenants changing needs. Finally, an opportunity is presenting itself in the socio-
cultural changes in demand and awareness of customers and the market, towards more interest 
in green buildings. If all of this can be achieved at the same time as making long-term savings from 
green design and resource efficiency, an important challenge is being able to evaluate these 
benefits with monetary measurements.  
 
Innovation is often driven by scarcity and urgency. This is evident for circular economy when we 
consider how the Netherlands is many years ahead of Sweden as they have a greater scarcity of 
resources as well as greater urgency to combat climate change issues due to rising sea levels and 
their low-lying land masses. Today the bar is often set by rules and regulations. However, legal 
requirements are only negotiated from political decisions and will never take the lead. We need 
to talk more about the societal benefits of CE within the planetary boundaries instead of 
difficulties and risk. The growth model favoured by construction companies thus far—based on 
the availability of plentiful and inexpensive natural resources—is living on borrowed time and, so 
are companies that rely on it. A building should instead be seen as a bank of materials- a mine 
from which materials can be excavated- in order to reintroduce them into technical cycles.  
 
A relevant starting point for NCC is looking at how and where principles for DfD can be included 
and integrated into the existing business models. The business models need to be optimized to 
meet the scarcity challenges and sustainability demands of the future. The existing structure 
where commercial facilities are developed and then sold does not facilitate a strong incentive for 
producer responsibility. Although DfD entails material efficiency and savings in the production 
phase as well- and thus a direct profit for NCC- the more long-term benefits will not be as apparent 
unless NCC stays in contact with the building until renovation or even end-of-life. One way could 
be through creating incentives for the tenant to return to NCC during these stages as the 
knowledge of how to deconstruct resides within the company who constructed it.  
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4.5 Conclusion 

 When planning investments for circular economy, the results of the MCDA showed that 
direct investments into strategies for Design for Deconstruction firstly, and reuse and 
recycling secondly, are suitable in relation to NCC’s preferences.   

 The MCDA methodology proposed in this study is a suitable decision-making tool for not 
only circular economy, but decisions relating to sustainability in general. Its strength lies 
in the potential for awareness raising and bringing stakeholders together through a 
facilitated approach.  

 Investments for Design for Deconstruction should focus on the various life cycle phases of 
a commercial facility (material acquisition, planning and design, construction, use and end-
of-life) in accordance with the recommendations presented in Table 6 p.34 and the pre-
study (Tabrixi, 2015). Investments for DfD should always be coupled with an extension of 
the log books to include more specific information such as amount, placement, method 
for deconstruction etc. 

 Investments for reuse and recycling of construction material could focus on e.g. the 
following strategies: 

o Reuse: In the short term, look closer at how NCC can work with the six product 
types suitable for reuse as recommended by IVL (2015a) (see p.11) and partner 
with stakeholders whose business models build on reuse such as Kompanjonen. 
An example is to, before demolition (already during the termination of lease), 
control which product types that are in demand from these companies. 
Kompanjonen even has a website where they continuously update this demand 
(such as windows, doors, staircases etc.). In the longer term, look also at ways to 
incorporate reused material in the planning and construction of new facilities.  

o Recycling: Identify low hanging fruits for recycling such as floor recycling etc. 
Partner with demolition contractors and waste companies that specialise in higher 
degree of recycling and do a thorough CDW management protocol and audit 
before demolition on how to handle the waste. Investigate and manage an 
updated review of what sort of secondary material is available on the market today 
and in the long term work internally within the company to change the negative 
perception towards secondary material.  
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Appendix I [BSAB codes] 
NCC has the ambition to improve material documentation for the following product categories 

(SGBC, 2013). Installation for example is not included as it is a traditionally difficult category to 

keep track of.  

E Cast-in-situ concrete 

F Brick work 

G Constructions of prefabricated elements 

H Constructions of section 

I Layers of thermal insulation material 

J Layer of building paper, sealing compound, asphalt, sheeting, plastic foil, troughed sheet. 

K Coated board 

L Plaster (render), painting, protective coatings, impregnation etc. 

M laminate 

N Component product 

Z Construction of various amount 
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Appendix II [Stakeholder identification] 
As described by Figure I: Power refers to those who control resources needed by the organization, 
creating power differentials among parties. Legitimacy is for those stakeholders who “really 
count”. However, emphasizing legitimacy and ignoring power is not suitable in a stakeholder 
identification scheme as some legitimate stakeholders have no power. Finally, urgency refers to 
the degree to which stakeholder claims call for immediate attention regarding e.g. prevention of 
losses, the pursuit of goals etc. (Mitchell et al, 1997).  
 

 

Figure I: Qualitative classes of stakeholders (adapted from Mitchell et al 1997). 

Latent stakeholders are those possessing only one of the three attributes. Expectant stakeholders 
are those possessing two attributes, and salient stakeholders are those possessing all three 
attributes: (1) power to influence the firm, (2) legitimacy in its relationship with the firm, and (3) 
urgency on its claim on the firm. This theory is based on the normative assumption that these 
variables define the key stakeholders to whom managers should pay attention (Mitchell et al, 
1997). Below are the motivations behind the stakeholder analysis in table 3. 
 
Salient stakeholders 
NCC: as the planners and developers NCC (NCC Property Development) have power, legitimacy 
and urgency. The reason NCC is even included in the stakeholder analysis is because the company 
consists of several different businesses.  
Stockholm County Administrative Board: the county has the power to decide on the various 
stages of the planning and building process. An example is how the head office project is already 
delayed due to the county finding the planned building to be too high, requiring revision. They 
also process, among other things, permissions related to waste and waste facilities. 
Municipality of Solna: the new head office will also be located in Solna. The municipality consists 
of different boards such as the city planning board, environment-and health committee etc. They 
can with various legislative support place demands or give permissions that can impact the 
planning and building process. Considering that the health and safety implications of using 
secondary material are not yet mapped out, the municipality is a specifically important key player.  
 
Expectant stakeholders 
Tenants (legitimacy, urgency): in the case of the new head office the tenant is NCC (NCC AB) as 
well (although there will be other tenants in adjacent buildings in the planned project). Regardless, 
whoever is the client has inputs and preferences for the buildings design and is thus an important 
actor. It is for example always preferable if the push towards sustainable solutions such as working 
with circular economy comes from the clients.  

Power

LegitimacyUrgency
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White Architects (legitimacy, urgency): the architects are actors to count on as circular economy 
to a large extent relates to design. There is also a sense of urgency considering their role so early 
in the planning phase.   
Swedish EPA (legitimacy, power): have the responsibility for overall environmental objectives 
such as contaminated land etc. However, they are themselves propagating the use of more 
resource efficient measures in the construction industry. The power lies in the fact that they for 
example have the responsibility of making sure that the EU waste directive and the goal of 
reaching 70% recycled by 2020 is implemented. 
National Board of Housing, Building and Planning (Boverket) (power, legitimacy): is a central 
administrative authority for housing, building and planning in Sweden. They are working on behalf 
of the government and provide regulation and general advice such as BBR which contains 
requirements and advice regarding design, carrying capacity, fire, noise, safety etc.  
Buyers of CDW (legitimacy, urgency): such as the company Kompanjonen that gathers secondary 
internal office components such as furniture, doors, windows etc. are an important link in the 
supply chain. They do not have any power in the decision making process but are a legitimate 
actor to consider and their incentive to generate income incites urgency.   
The Swedish Recycling Industries’ Association (Återvinningsindustrierna, ÅI)(power, urgency): is 
an organization of Swedish companies working within the recycling field. The organization is a 
member of the Confederation of Swedish Enterprise. Their members work within the field of CDW 
with e.g. systems for collection and upcycling of waste material to resource. They have power 
depending on how they use it: if they lobby against moving up the waste hierarchy or not. After 
all, their business models (recycling) is dependent on the production of waste.   
Sweden Green Building Council (power, urgency): is a non-profit organization owned by its 
members, including NCC, open to all companies and organizations within the Swedish construction 
and real estate sector who wish to develop and influence the environmental and sustainability 
work in the industry. They offer certification systems such as Miljöbyggnad, BREEAM SE, LEED, 
CEEQUAL etc. and thus hold power of the decision making with regard to circular economy, as NCC 
is more likely to adopt measures that will bring points in the certification systems. There is also 
urgency as they wish to be in the forefront of development and be involved in innovative 
certification systems.  
Swedish Chemicals Agency (power, legitimacy): is a supervisory authority under the Ministry of 
Environment and Energy, and is responsible for ensuring that companies and society at large 
conduct controls of chemicals in an acceptable manner. They have a priority list for hazardous 
substances to be phased out that NCC needs to relate to when building. Thus, SCA is an indirect 
actor as they provide the boundaries for handling of chemicals.  
Investors (power, urgency): investors can affect the decision-making and have power as their 
investments are needed and they can thus place demands in large projects. However, although 
they are legitimate in their relation with NCC they are not the most important contact.  
 
Latent stakeholders 
Waste companies (urgency): waste companies contracted by NCC such as Ragn-Sells have an 
interest in the amount and quality of waste coming from the construction industry as this 
represents a significant portion of their business.  
Demolition contractors (urgency): similarly demolition contractors business might be affected by 
the measures for circular economy adopted by NCC and thus have an urgent interest. This impact 
can be both positive and negative for their business depending on the measures adopted.  
The Swedish Construction Federation (Sveriges Byggindustrier) (power): represents construction 
industry interests in Sweden. The Swedish Construction Federation is the trade association for 
private construction companies and employers and thus hold sway over some of the issues related 
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to circular economy approaches, specifically related to instituting sound terms for the 
construction business in general and the individual companies in particular. They have also 
published guidelines for efficient CDW management called “resource and waste guidelines during 
construction and demolition”. 
Surrounding property owners (power): around the planned commercial facility, such as the 
company Klövern, which owns real estate north of where NCC is planning their new head office, 
are important actors with some power of the decision making process. However, especially if the 
option adopted is design for deconstruction as the other options are more company internal and 
do not affect the surrounding environment. However, also measures within the building can affect 
surrounding property owners. One example is how NCC’s internal facilities such as gym, restaurant 
etc. could compete with other businesses in the area.  
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Appendix III [Appraisal Summary Tables]  
The tables below show the qualitative impact of the criteria developed during the MCDA related 

to the three options for circular economy.  

CRITERIA 1: Job creation 

OPTION IMPACT 
 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Creates many jobs as recycling activities are labor-intensive and require higher skilled jobs 
in remanufacturing. Material efficiency is likely to lead to employment gains in Sweden 
representing more than 50,000 people. 

CIRCULAR DESIGN: Design 
for Deconstruction 

Will provide employment opportunities in the future through increasing reuse markets. 
Another aspect is that designing for deconstruction and flexibility most likely will require 
more industrial processes such as pre-assembly, as well as more selective demolition 
processes. This could potentially lead to job creation. At the same time the working hours 
during construction and deconstruction will be minimized, also minimizing the risks with 
building on-site. 

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

Creates some jobs related to management of platforms that connect users, e.g. websites 
such as workaround.com. Furthermore, allows for more efficient use of office space and 
possibility to fit more employees.   
 

 

CRITERIA 2: New business opportunities 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Many new business opportunities generating income and cost savings related to material 
efficiency and waste minimization. An already existing example is NCC’s work with 
recycled asphalt.  

CIRCULAR DESIGN: Design 
for Deconstruction 

Some business opportunities such as creating incentives for tenants to return to NCC for 
renovation and deconstruction, as the knowledge resides here. Another is creating a 
product library with the deconstructed material (which would preferably be standardized 
allowing for larger stocks of the same product).  

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

At least one business opportunity, i.e. generation of additional income through renting 
unused office space, conference rooms and parking spaces. 

 
 

CRITERIA 3: New competence and knowledge 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Need for significant competence and knowledge enhancement regarding CDW recycling, 
reuse methods, waste planning and management etc. Knowledge and competence exists 
within e.g. NCC Recycling to some extent. More communication and coordination with 
leaders of various areas within NCC necessary but possible.   

CIRCULAR DESIGN: Design 
for Deconstruction 

Need for significant competence and knowledge enhancement regarding design, 
technology, planning and cooperation over life cycle. Also, workers are required to 
develop new skills as deconstruction is different from demolition.  

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

Need for limited competence and knowledge enhancement if already established 
platforms such as Workaround are used. However, a focus on internal utilization of 
workspace among employees in accordance with Cisco system requires some new 
knowledge and competence. 
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CRITERIA 4: Quality of materials 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Difficult to establish quality of recycled and reused material due to current lack of material 
documentation with regard to content etc. However, quality and documentation 
demands are increasingly improving.   

CIRCULAR DESIGN: Design 
for Deconstruction 

Better possibilities to establish quality of material due to increased material 
documentation. Better possibilities to improve quality of secondary material as less 
damage is likely to occur during renovation and end-of-life when the material is designed 
to be deconstructed. Also important to use high quality material when planning for 
extensive life length of products. 

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

No significant impact on quality of materials. 

 

CRITERIA 5: Work environment 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Not being able to establish quality and content of construction material and installations 
may increase risk of unhealthy work environment for constructors due to contaminants 
such as oil, PCB, asbestos, heavy metals in paint, radon etc. This can also impact work 
environment of users of building due to indoor emissions (such as VOC’s). However, 
emissions tend to decrease with time and thus the use of secondary material ought to be 
safer than new material in terms of emissions. 

CIRCULAR DESIGN: Design 
for Deconstruction 

For users: possibility for better work environment with flexible offices and installations. 
For builders: more prefabricated components can improve working conditions by 
minimizing the amount of time workers spend up in the air, exposed to dangerous 
conditions. The deconstruction process is like the building process but in reverse, i.e. this 
applies here as well.  
 

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

Possibility for more dynamic work environment with positive synergistic effects between 
employees and people who rent office or meeting space due to cross-disciplinary 
meetings. Possibly a safety risk for the company if external people are invited into the 
company (conflicts, company secrecy issues, clashing office culture, etc.) 

 

CRITERIA 6: Guarantees (sound, fire, quality, structural etc.) 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Not being able to establish quality and content of construction material and installations 
complicates ability to provide guarantees with regard to quality of material at the 
moment. In the future we will likely see increased material documentation.  

CIRCULAR DESIGN: Design 
for Deconstruction 

As DfD allows for better material documentation from the beginning it enables ability to 
provide certain guarantees for property and performance of reused materials. Further 
opportunities are presenting themselves with the development of BIM and CE marking.   

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

If renting out to external people there are risks associated with safety, corporate secrecy, 
conflicts etc. However, when using Workaround they do continuous checks of the users 
registering on their platform, handle the payment transactions and also help with 
resolving conflicts.  

 

CRITERIA 7: Material documentation 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Significant need for material documentation but limited documentation of material 
available today. Construction material ready to be reused and recycled today have 
normally been produced in a time when material documentation was less important as 
today. In the future, material recycling and reuse will be made easier due to current 
increasing demands on material documentation through legislation and certification 
systems.  

CIRCULAR DESIGN: Design 
for Deconstruction 

Significant need for material documentation as well as storing information regarding 
methods for deconstruction. Good possibilities due to increased demand for material 
documentation as well as development of support systems such as BIM. 

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

No need for material documentation. 
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CRITERIA 8: Control over supply chain 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Significant need for cooperation over supply chain. Considering that the construction 
industry is a diverse business with many actors, as well as the time gap between 
production and recycling/reuse, full control over supply chain is challenging.  

CIRCULAR DESIGN: Design 
for Deconstruction 

Significant need for cooperation over supply chain. Better possibilities for control over 
supply chain due to better material documentation and use of system support such as 
BIM, as well as need for cooperation in early planning phase.   

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

No significant need for or impact on supply chain.  

 

CRITERIA 9: Energy demand 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Increased recycling and reuse of building components will lower the overall energy 
demand through reducing primary energy and material requirements, cutting down 
transportation, and diverting from landfill. Reuse saves most energy, but recycling instead 
of extracting virgin material also has significant energy saving potential: aluminium (95%), 
steel (75%), glass (20%).  

CIRCULAR DESIGN: Design 
for Deconstruction 

DfD will lower the overall energy demand through pro-longing life length of buildings as 
well as their separate building components, diverting waste from landfills and reducing 
primary energy and material requirements. Deconstruction is more energy demanding 
than demolition (6.5% vs. 1-3% of embodied energy of the building). However, initial 
feasibility studies estimated that a 49% saving in embodied carbon is accomplished by 
designing for deconstruction.4 

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

Enables increased utilization rate of products by making possible shared 
use/access/ownership of office space, i.e. lowering energy demands as well as virgin 
material extraction. Making sure empty spaces are not heated and facilitated in vain. By 
employing a connectivity of the workplaces such as the Cisco system 7-8% of energy costs 
can be saved. 

 

CRITERIA 10: Renewable energy 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

A considerable amount of CDW is not classified as renewable energy sources according to 
EU. Still, a majority of current CDW recycling entails energy recycling and not material 
recycling. Moving up in the waste hierarchy towards material recycling and reuse means 
less waste being used for energy production. This will create an energy gap that will 
hopefully be compensated with renewable energy. 
 

CIRCULAR DESIGN: Design 
for Deconstruction 

Similarily, DfD will lead to material efficiency diverting material from energy recycling 
creating a gap in energy production that will hopefully be compensated with renewable 
energy.  

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

No significant short-term impact on choice of energy source. 

 

 

 

 

 

 

 

 

                                                        
4 Embodied energy is the sum of all the energy required to extract, transport, process, and 

manufacture all the products used in a building plus the energy used to build it. 
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CRITERIA 10: Biodiversity 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Less dependence on virgin material extraction means less negative impact on biodiversity 
during material acquisition phase, e.g. in gravel pits and quarries. The impact during 
construction and use remains unchanged.  

CIRCULAR DESIGN: Design 
for Deconstruction 

Less dependence on virgin material extraction means less negative impact on biodiversity 
during material acquisition phase. DfD also necessitates a more sustainable approach to 
purchase of materials in order to ensure quality and long life-times, which often coincides 
with material with low biodiversity impact. The impact during construction and renovation 
is minimized by more efficient construction processes such as use of prefabricated 
components that minimize working time on the construction site. During the use phase in 
the final deconstruction phase impact is minimized as deconstruction is more controlled 
than demolition.   

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

Positive impact on biodiversity as a more efficient utilisation of office space means 
lowered energy demand and extraction of virgin raw material which can in the process be 
harmful to biodiversity. In the longer perspective, the need for new office space will 
decrease as well keeping the local impact during production and use limited. 

 

CRITERIA 11: Use of hazardous material 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Not being able to establish quality and content of secondary construction material and 
installations may unintentionally increase presence of contaminants such as oil, PCB, 
asbestos, heavy metals in paint, radon etc. in construction material. 

CIRCULAR DESIGN: Design 
for Deconstruction 

DfD improves ability to phase out hazardous material, as this is also a prerequisite to be 
able to reuse and recycle the deconstructed material in the future. The use of hazardous 
materials should be avoided if possible, and if they are used, their position should be 
recorded so that they can be easily found when it is time to deconstruct 

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

No significant impact on the use of material.  

 

CRITERIA 12: Emissions & indoor environment 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Not being able to establish quality and content of construction material and installations 
may increase presence of indoor emissions (such as VOC’s). However, emissions tend to 
decrease with time and thus the use of secondary material ought to be safer than new 
material in terms of emissions. 

CIRCULAR DESIGN: Design 
for Deconstruction 

Better material documentation means better control of indoor emissions, as well as the 
added benefit of emissions decreasing with time garnering secondary material safer in 
some aspects.  

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

No significant impact on emissions and indoor environment.  

 

CRITERIA 13: Traceability/documentation 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Difficult to establish traceability for the material ready to be recycled or reused today. 
However, great potential for future traceability and documentation of material being built 
in today through product declarations, material passports and demands on national level 
and through certification systems.  

CIRCULAR DESIGN: Design 
for Deconstruction 

Very good potential for traceability and documentation of material as a pre-requisite for 
designing for deconstruction is also a thorough documentation of content, measurements, 
place in building, quality etc. of the material. Several initiatives are looking at the 
possibility of using BIM to store this information in one place, digitally, as well as including 
information on how the deconstruct the material during renovation and end-of-life.   

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

No significant need for traceability or documentation of construction material. However, 
it might be necessary do perform an inventory of existing material stock of office such as 
furniture, computers, electronics etc. in case of conflict with external parties.  
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CRITERIA 14: Innovative leadership and planning 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Medium to high level of innovation potential evident through the many EU and national 
level innovation programmes on the topic currently undertaken (BAMB-Buildings as 
Material Banks, Re:Source etc.). NCC is already on the path towards innovation of CDW 
recycling through NCC Recycling and products such as recycled asphalt. Requires 
technology and business model innovation among other things. This entails participation 
in collaborative circular networks involving suppliers, manufacturers, architects etc. 

CIRCULAR DESIGN: Design 
for Deconstruction 

High level of innovation potential and approach to circular economy which also requires 
an innovative leadership. Requires innovation in technology, design, planning etc.   
 
 

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

Moderate level of innovation as it is technically non-complex. However requires a change 
in mind-set from owning and facilitating alone towards sharing of space.  

 

CRITERIA 16: Profit visualisation  

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and 
recycling 

Intermediate level of difficulty as profitability measurements are possible shortly after 
implementation but requires better waste statistics than currently available. The Swedish 
EPA (Naturvårdsverket) is to present a plan for improved waste statistics as of October 1st 
2016. With improved waste statistics come better opportunities for profit visualisation, as 
purchases and inputs can be matched and analysed with waste and outputs of a 
construction project. This will make it easier to follow waste flows and quantify savings in 
economic terms.  

CIRCULAR DESIGN: Design 
for Deconstruction 

Difficult as it will take years before the building will be renovated or taken out of use. It is 
only then, when the material is deconstructed and reutilized, that profitability can be 
assessed. However, profit is expected in production phase as well, which can be visualized 
earlier on.  

CIRCULAR BUSINESS 
MODEL: Sharing Platforms 

Easy to visualise profit as the income is generated instantly as the office or meeting space 
is rented out. A review of profitability can be done early in the adoption phase.  

 

CRITERIA 18: System support (IT etc.) 

OPTION IMPACT 

WASTE AS RESOURCE: 
Material reuse and recycling 

As NCC will not take care of the actual recycling themselves (except for att NCC Recyclings 
plants) support systems are needed for the recycling industry. Existing support systems 
handle collection, route planning, weighing, upcycling etc. An important system support 
for NCC would be a digital material bank which registers all material ready to be 
repurposed and matches with new construction projects that are able to use these. This 
does not exist yet. Example from the Netherlands: harvestmap.com.  

CIRCULAR DESIGN: Design 
for Deconstruction 

Building information modelling (BIM) as a digital way of storing design information, 
drawings, and deconstruction plans for projects so that information can be easily 
accessed in the future when deconstruction will take place. 

CIRCULAR BUSINESS MODEL: 
Sharing Platforms 

System support such as external platform (Workaround) or internal system for 
workspace connectivity necessary.  

 


