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Abstract. The transition to a society with low emissions has led to several intensives for
decreasing operational energy and the environmental impact of buildings. The embodied impacts
from manufacturing materials have been shown to increase in relative importance as the
operational energy efficiency has increased. Several case studies have shown various technical
solutions which can reduce embodied carbon emissions. But is this reduction good for business?
There are several building projects that have achieved low embodied emissions, but these are
often in segments of premium private clients or green public procurement where additional
motivation such as reputation and long-term viability is in place. However, with the transition to
a low emission society, there is a need to include all types of building markets. This study aims
to find business model innovation opportunities with reduced embodied emissions in building
projects where the clients have low motivation beyond reducing costs. The approach is through
action research with a Norwegian contractor seeking new opportunities while keeping the main
competitive advantage. The research starts with a case that could reduce overall greenhouse gas
emissions, and includes the potential savings from green loans to find potentials to capture value
from reducing emissions. The results show that criteria exist for green loans based on reducing
operational and embodied emissions. Future studies are however need to make an integrated
assessment on the potential value captured from these green loans.

1. Introduction
In order to reach the climate emission reduction goals, building retrofitting has been seen as one of the
most cost-effective solutions [1]. There has been a high focus on new energy requirements and
technologies. However, a large share of emissions is related to embodied emissions from manufacturing
of materials. Hence, upgrading buildings with reuse of load-bearing structure could give much better
climate change mitigation benefits than a new building [2].

There are several ways in which policy can promote a shift to green buildings. These can be
regulative and financial, in addition to through information, networks, and certifications. Among
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policies in Norway, financial means are available as subsidies for energy efficiency, inexpensive
building loans, public procurement, and research and development funding [3]. From a business
perspective, an energy upgrade is an investment in reducing future energy costs. Hence, in a life cycle
cost perspective, the initial higher costs of an energy efficient building could be regained after a certain
number of years by annual energy cost savings [4]. There is a challenge in financing the long-term
benefits which has a considerable upfront cost. This upfront cost has been met by various kinds of
financial instruments [5]. There are also other benefits from upgrading, such as better indoor climate
and a larger market for reselling the building. These benefits can be seen as value capture potentials. In
addition, it has been shown that certifications create a price premium [6]. In order to achieve a
willingness to pay for these additional values of buildings, there have been many standards and ratings
developed. Several of these are aimed towards public procurement and larger commercial buildings such
as offices. In a number of countries, it is also possible to get montages with lower interest rates to energy
upgrade buildings. However, there seems to be a lack of systems that will give value to low embodied
emissions from building materials [7].

The objective of this study is to assess the potential to make new business models that could support
energy upgrading of commercial buildings that also support low embodied carbon from materials.

1.1. Business models and green buildings - Value capture from low emissions
The role of business models within low emission buildings has been the focus of this study due to the
cost challenge. Even if there are several available technical solutions for reducing the environmental
impacts of buildings, they are too seldom implemented in practice due to a perception that they represent
higher costs [8]. While some argue that it is other aspects that are driving cost than green building
certification and low carbon footprint. However, from a business model innovation perspective it could
be possible to find new ways to capture value to complement these costs, to reduce environmental
impacts, and capture new value. According to previous studies on the benefits of green business models
in the construction sector, there are three types of benefits [9]:

1. Credibility / reputation

2. Long term viability

3. Financial benefits

For financial benefits, some studies has shown that energy renovation gives a positive impact on the
value of specific projects [10]. However, other studies have found it challenging to find a general value
increase of buildings with low energy demand [11]. Different sustainability impacts of retrofitting
single-dwelling houses have been assessed, focusing on effects that include both operational energy and
embodied emissions, but also benefits to the health of the users [12]. When it comes to lowering
embodied emissions, reuse of materials can have a large benefit. New business models are coming with
the supply of reused materials with lower embodied carbon. There are however few studies on such
cases [13].

In order to have green business models in the finance sector, there has been a development of green
bonds. These bonds are arguably designed to support projects with environmental benefits and are part
of the movement in responsible investments. Green bonds have had a large increase in both Norway and
Sweden, as well as in other western countries. It has been shown that the largest sector of green bonds
in Norway and Sweden is through financial institutions to support green buildings [14].

In Sweden, there has been an investigation into whether the use of green bonds and loans actually
support green buildings. One study finds that green loans are clearly linked with green building
certifications. However, the analysis of the relationships of green finance with key figures such as energy
use, carbon dioxide emissions and water consumption was found to be weak [15]. On the other hand,
another study suggested that there is a relationship at the national level between green finance and the
overall carbon emissions in Sweden. This effect was found to be much stronger in Sweden than in other
major countries within green finance [16]. Unfortunately, this study did not mention the effect on
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buildings compared to other sectors. Hence, there is a need for further investigation into how green loans
can make actual changes in the environmental performance of buildings.

1.2. Carbon footprint and life cycle assessment of buildings

Life cycle assessment (LCA) is a standardized method for assessing the environmental impacts of
products, and has been extensively applied to buildings and building materials. LCA can be used on a
number of different environmental impacts, of which climate change is the most studied impact. It is
also possible to include social and economic aspects into life cycle sustainability assessment (LCSA).
Purely economic assessment with Life cycle costing (LCC) is especially relevant for buildings with a
long lifetime and a balance between investments and long-term operational costs. There are several
standards and metrics applied for LCA and LCSA. Among the many studies on LCA of buildings, few
of them focus on reuse of buildings and building components [17].

Based on the international standards for LCA of buildings, there are national standards, specifications
and practices developed in Norway. For building materials, the standard EN 15804 for environmental
product declarations (EPD) is applied for documenting the LCA of building materials. In Norway, about
2000 EPD are available, most of which are related to building materials [18]. For LCA of buildings, the
European standard EN 15978 is made on the same framework as EPD. In Norway, this standard has
been further specified for carbon footprint of buildings in NS 3720. These standards can also be applied
to assess buildings with focus on reuse of materials. This would provide large benefits compared to new
buildings from the product phase (A1-A3). Design for reuse and potential emission reductions in the
future could also be assessed in module D. The module D is defined outside of the system boundaries
to avoid double counting, but is included as it would show valuable information about options at end-
of-life. However, this indicator provides less clear interpretations [19].

In a Norwegian context, BREEAM-NOR is a buildings classification system that has been driving
documentation of materials for new buildings” sustainability performance. BREEAM-NOR gives credit
for many sustainability areas such as energy use, health, and materials. Through BREEAM-NOR, EPD
has been demanded in building projects and has been an important driver in Norway for the availability
of EPD [20]. The use of LCA on whole buildings level has been less common, but simplified building
level LCA has become mandatory in the last versions of BREEAM-NOR. LCA and carbon footprint of
buildings have also been important for public procurement, and there is a development of guidelines for
making benchmark values for Norwegian buildings [21]. Another driver for carbon footprint of
buildings has been FutureBuilt, which is a lighthouse program for public procurement of buildings in
Oslo and the surrounding municipalities. FutureBuilt has requirements for low carbon footprint, and has
been applied for more than 50 projects since 2010. The methods for calculating carbon emissions
reduction have recently been updated to FutureBuilt zero. The new approach aims to assess the buildings
if they comply with the set targets for emission reductions and includes several aspects often left out.
These includes dynamic characterisation factors, biogenic carbon and future changes in technology for
maintenance, energy supply and end-of-life of building [22].

In European Union, the method Level(S) is used to assess LCA of buildings. It is based on EN 15978
and therefore has several similarities with NS 3720. However, several aspects are specified differently,
and therefore the results might not be the same [23]. For asset management, there are several methods
proposed to include value capture in a life cycle perspective. A hybrid methodology has been proposed
for Life Cycle Valuation of capital goods. This method is based on life cycle costing and life cycle
assessment [24]. Another method is the integrated Life Cycle Investment Assessment Method [25].
Overall, there are is a large selection of LCA adaptions to buildings available.

1.3. The problem with low value commercial buildings

This article is focusing how the construction industry can make energy upgrading with low impact
materials profitable. Energy upgrading itself is a growing market, but how can the reduction of materials
embodied emissions be a profitable market for actors who would like to choose the lowest cost? The
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objective of the study is to assess the life cycle impacts of a building utilizing a combined carbon
footprint and value capture perspective. There are three questions that we seek to highlight:

1. What are the criteria for green finance in the Norwegian building sector

2. What are the main cost drivers in low-cost commercial steel buildings in Norway?

3. How can embodied carbon emission be reduced when energy upgrading commercial steel

buildings in Norway?

Although we need to focus on a national context to understand the business aspect properly, the

concepts should be internationally usable if context specifics are considered.

2. Methods

The case study is part of Greenbizz research project that aims to helping startup and small and medium-
sized companies with energy reductions and energy conversion in a life cycle perspective to reducing
carbon footprints. The project uses tools such as life cycle assessment (LCA), energy measurement, and
green business model analysis and innovation [26]. This project applies action research, which is a
method for collaboration between academia and industry [27].

The study involves a case company, Norbygg, that is a contractor for steel buildings in Norway. This
company have visions of sustainable solutions with energy efficiency and reuse. However, the challenge
for the construction company is that their customers have low willingness to pay for good reputation
and long-term viability. In order to find value creation and value capture with low embodied emissions,
the staff of the case company is interested in potential financing of green building projects. Hence, the
focus of this study is mapping of financial benefits and the performance of the case study on climate
change mitigation. In order to enable a price and cost estimation, a particular building is used as an
example. The methods applied in this study are threefold. First, potentials for providing green loans to
green buildings was screened. Secondly, the case study was described with activities for erection and
costs. Finally, a carbon footprint study of the building case study with standard LCA was conducted.

2.1. Screening of criteria for relevant green loans

The criteria for achieving green loans were screened through the websites of major Norwegian
lending institutions. The list of financial institutions mapped is shown in Table 1.

Table 1. Financial institutions in the screening study

Acronym Full name Description
DNB DNB Bank ASA Largest Norwegian bank. 55 Billion NOK
Turnover
Nordea Nordea Bank Abp Large Nordic bank 96 Billion NOK turnover
Danske Bank Danske Bank A/S Denmark largest bank.

KBN Kommunalbanken State owned bank for municipalities
Norway

KLP Kommunal Mutual insurance company managing pensions of
Landspensjonskasse ~ municipal employees
Gjensidig

Forsikringsselskap
Eiendomskreditt  Eiendomskreditt AS  Financial institution aimed for real estate to SME.

SB1 Hallingdal  Sparebank 1 Local bank with focus on two municipalities
Valdres Hallingdal Valdres
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2.2. Case study

Norbygg, a steel construction contractor, has been erecting commercial steel buildings in the @stfold
region in Norway since 1979. These buildings are typically made of steel frames and envelope, while
sandwich elements have been common in later years. Typical uses are storage (including cold storage)
as part of a logistic set up, retail, car workshops, and offices. There is a belief that several of these
buildings would benefit from energy retrofitting. However, the customers often have a short time
horizon for their investments, and do not seem interested in investing in sustainability for a good
reputation. Accordingly, there is a need for tools that can give direct economic benefits from energy
upgrading. Alternatives to energy upgrading would be to leave buildings as is, but also to erect new
buildings instead of rehabilitation. The first step to such a comparative assessment was to make a carbon
footprint of a new building. The company has selected a concept building design as representing a
simplified typical building that they are delivering. The building is 30 m wide and 60 m long with a
mezzanine type second floor 30 m wide and 12 m long for offices. The drawing of the building is shown
in Figure 1.

60 m

il .y
Iy i

.......... piserom [ Teknisk T /'\
: 1

12 S N N 0 S L € A { N 0 A W AN I~
1 Y Y Y Y s | s S N
]_.112[’11[[1[|1[1[[1[/% ] <]
~nior Mote}bm [N ) B S I A S A G 1 A S | Y L
Kontor EARIS ISIR IS IS IS IS IS IR IS IS 1S | IS
M3teWm [\I‘l\l‘]\l‘l\l‘l\l\‘i NP Ny N
A

E IK"““” ! PSR IS IS TR ST N SR SIS SIS s I~
o K 4 - - it N 2 S | O S S T~

™ ontor O\’
~ AW 8 SV iSH | \WAWAY| MAWAW] N A ~J .|
s <y b 1 A | A B I | N N

[Gard. H

[ N BN N SN AN § AN LN BN N N NG | AN AN N | 1
ontgr /1“\[1\1‘1\[‘1\11\11\11\1‘1\[ < T

I g 2 Y S )
¢

.
r.d
=8
s,
ES|
Vs |}
»d
4

F!

pp~ Boom &

Figure 1. Technical drawing of the concept storage building used in the study.

The building is made of a concrete foundation with expanded polystyrene (EPS) insulation. The load-
bearing structure is mainly steel beams, while concrete hollow slabs are used for the office floor. The
walls are made of prefabricated sandwich elements with steel sheets and polyisocyanurate (PIR)
insulation. The roof consists of coated steel sheets, insulation, and a waterproofing membrane. The cost
of erecting the building will be estimated, as well as the cost related to the activities within the scope of
the carbon footprint. As explained in the next section, the carbon footprint has a more limited scope of
activities than a cost assessment. The main design parameters of the building are listed in Table 2.
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Table 2. Main parameters describing the concept building

Parameter Value

Area ground floor 1800 m2
First floor 360 m2
Total floor space 2160 m2

2.3. Carbon footprint

The carbon footprint of the embodied emissions of the building has been assessed for a typical new
building. The amount of materials is taken from the cost estimation carried out by Norbygg. The study
has used the Reduzer software for carbon footprint of buildings [28]. The material data in the software
is with both generic materials at the Norwegian market and specific data from environmental product
declaration (EPD). The software follows the NS 3720 standard. The carbon footprint is based on NS
3720, but simplified according to the draft guidance for carbon footprint in the National Building code
of Norway (TEK17) [29]. The scope of building parts is in this guidance limited to the main foundation,
load-bearing structures and envelope. Technical systems such as ventilation is outside of the scope. The
scope of life cycle modules is also limited to the building products production (A1-A3), transport to
building site (A4), construction site (A5), maintenance (B2) and replacement (B4). The included
building parts and life cycle modules are shown in Table 3.

Table 3. Scope of materials in carbon footprint assessment

Building part NS 3451 Modules EN 15978
21 Foundation Al-A3, A4, A5, B2, B4
22 Superstructure Al-A3, A4, A5, B2, B4
23 Outer walls Al1-A3, A4, A5, B2, B4
24 Inner walls Al1-A3, A4, A5, B2, B4
25 Slabs Al1-A3, A4, A5, B2, B4
26 Roofs Al1-A3, A4, A5, B2, B4

3. Results and discussion

3.1. Screening green loans

According to Table 4, there are criteria for green loans available related to energy efficiency renovations,
building certification, renewable energy and low impact materials. The criteria for energy efficiency in
renovation was given by all lending institutions. For building certification, two institutions used
BREEAM-NOR. The others listed several types of building certifications, and also included
“equivalent”. The larger commercial banks seem to have several similar criteria, but for the smaller and
specialised institutions the criteria for green loans are different. For instance, the public oriented loan
givers had two of the same requirements on low impact materials and local energy supply. The local
bank SB1 Hallingdal and Valdres had two criteria that none of the larger banks had. These were lower
carbon footprint and lower energy use compared to building code references. Such requirements are not
based on well know certifications, and would therefore need evaluation by the staff in the bank. These
requirements might better promote actual green buildings, but are challenging for larger institutions due
to the demands for qualified staff and individual assessments.
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Table 4. Green loans and criteria

Type of criteria

Description

Financial institutions

Green public funding
Major renovation

New building regulation
compliance

BREEAM Building certification

General Building certification

Energy efficiency equipment

Low carbon footprint building

Low energy building

Low carbon footprint materials
in new building

Local energy supply

The building project have
received public funding

30 % reduction in energy
use through renovation

If the building was built
in 2012 or later.

BREEAM-NOR excellent
or outstanding

BREEAM-NOR excellent
or outstanding, Swan
Ecolabel, Leed Gold,
other equal level

Lighting, windows,
heating, water savings,
charging stations, energy
management, etc.

20 % reduction in carbon
footprint compared to
building code

20 % reduction in energy
need compared to
building code

New buildings mainly
with low carbon footprint
materials such as mass
timber, low carbon
concrete or reused
materials.

Minimum 70 % of energy
is self-supplied

KBN

Eiendomskreditt, DNB,
Danske Bank, KBN

Eiendomskreditt, DNB,
Nordea

Eiendomskreditt, SB1
Hallingdal Valdres

DNB, Nordea, KLP,
Danske Bank, KBN

DNB, Danske Bank,
KBN

SB1 Hallingdal Valdres

SB1 Hallingdal Valdres

KLP, KBN

KBN, KLP

3.2. Cost assessment

The cost of erecting the building has been estimated by the contractor at a total of € 2 570 175 which
corresponds to € 1190 per m? floor space (note that these prices are very context specific). The detailed
list of costs is shown in Table 5, indicating both the costs within the scope of the carbon footprint and
the total cost of the building. The scope of building activities in the carbon footprint as per the building
code requirements leaves out groundwork and building site activities, heating, ventilation and air
conditioning (HVAC), and electricity installation and automation. The activities left out of the carbon
footprint are related to more than half of the cost of the new building erection. The buildings materials
that are included in the carbon footprint are those that are needed for new buildings, but can be avoided
when retrofitting is applied instead.
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Table 5. Cost of the main part of building process and materials.

Activity Cost [€ ex. VAT] Cost of activities included
in carbon footprint
[€ ex. VAT]
Building, general 356079 0
Groundwork and foundation 240171 114651
Superstructure 282600 282600
Outer walls 151600 151600
Inner walls 317011 180179
Slabs 257777 257777
Roofs 175500 175500
Stairs, balcony 40320 40320
HVAC 409900 0
Electricity supply 280800 0
Data and automation 58417 0
Total 2570175 1202627
Per square meter 1190 557

3.3. Carbon footprint

The carbon footprint is shown in Figure 2, and the carbon footprint is estimated to 9 kg CO»-eq. per
square meter per year. This is higher than average from other studies [21], but there are some important
differences. In Norway, the number of lifetime years has typically been set to 60 years, but is reduced
to 50 years in the Building code guidance, this is therefore also used here. Another important part of the
results is the replacement of fagade elements is responsible for about 1 kg CO»-eq. per square meter per
year. The largest share of emissions is linked to the groundwork, load-bearing system and floors/slabs.
These emissions sum up to about 4.5 kg CO»-eq. per square meter per year. Accordingly, this indicates
a large potential saving from renovating instead of raising a new building. The impacts of energy use
and end-of-life not included.
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Figure 2. Carbon footprint of the concept building

4. Conclusions

This paper investigated the potential of developing elements of a new business model for retrofitting
buildings with green finance. The green finance opportunities were investigated with a screening study
of Norwegian lending institutions. A case study for a new building was estimated for the cost and carbon
footprint as a benchmark for a potential rehabilitation. A new building was selected for the availability
of the case study data. The results of the screening study show that the institutions studied offered better
loans for rehabilitation that can provide 30 % lower energy use. There are some providers that also
consider potential savings of reuse and use of low impact materials. The potential magnitude of the value
to the building owners with these green loans are however yet to be studied. For the assessment of carbon
footprint and costs, the carbon footprint only provides activities linked to half of the cost of a new
building. Most of the emissions are related to concrete and steel in foundation and load-bearing
structures. Accordingly, this would suggest large savings if retrofitting is used instead of replacing with
new buildings. The assessment did however not include energy use and end-of-life. A retrofit building
might not be as energy efficient as a new building. Further work is therefore needed with specific data
for a retrofit case study.
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