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Abstract: Key stakeholders in industry are highly responsible for achieving energy performance
targets. Particularly, this paper assesses the attitudes, approaches, and experiences of Finnish con-
struction professionals regarding energy-efficient buildings, or nZEBs. A three-tier investigation was
conducted including surveys and expert interviews with several stakeholders. The structure of this
approach was informed by preliminary data and information available on the Finnish construction
sector. The questionnaire showed that the stakeholders ranked energy efficiency and embodied
energy/carbon as very important. The survey highlighted that the importance of the embodied
carbon CO2 in the materials is less important than the energy efficiency from many of the stake-
holders’ points of view. “Energy efficiency” is very important for ESCOs, contractors, and facility
managers followed by architects, HVAC engineers, and construction design engineers. Nevertheless,
the opinions of architects ranked “embodied energy CO2” as the most important regarding nZEB.
When it comes to the importance of “running time emissions” toward nZEB, contractors and ESCO
companies ranked it as 1 for importance followed by property owners (78%) and tenants (75%). It
is very fascinating to see from the survey that “running time carbon emissions” has been ranked 1
(very important) by all stakeholders. This study will enable construction industry stakeholders to
make provisions for overcoming the barriers, gaps, and challenges identified in the practices of the
nZEB projects. It will also inform the formulation of policies that drive retrofit uptake.

Keywords: nearly zero energy buildings; economic feasibility; energy efficiency; social acceptability;
stakeholders; sustainable development goals

1. Introduction

Building stock is one of the major contributors to greenhouse gasses [1,2]. The EU has
set an aggressive goal to increase the number of ‘nearly zero energy buildings’ (nZEBs) by
2020, which now appears to be an unfulfilled target. By 2030, the 2030 Climate and Energy
Ambition of the European Union (EU) set a target of 55% emissions reduction compared
with 1990 [3].

The new ‘Finland National Strategy’ [4] also aims to raise the number of nZEBs
but does not provide detailed specifications. However, concepts of nearly zero-energy
building and associated specifications are continuing. Variations in building environment
and culture throughout Europe make it somewhat challenging for the European Building
legislation (EPBD) to administer a standardized solution to nZEBs [5,6]. In many countries,
the building stock contributes to more than 40% of the total amount of greenhouse gas
emissions [7].

Finland accounts for 41.2% of the overall electricity demand from clean energy sources,
which is near the top of the European Union (EU) the Member States. Finland plans to
increase its share of renewable energy to 50% by 2030, making Finland one of the EU
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frontrunners in renewable energy [8]. The terms ‘ZEBs (zero energy buildings)’ and ‘NZEBs
(net-zero energy buildings)’ have both been adopted by different researchers. Detailed
definitions and descriptions can be found by Marszal et al. [9] and Sartori et al. [10].

nZEB Definitions

The EU strategy policy framework focused on reducing energy use while obtaining
significant building savings. Among the various policies action is the Energy Performance
of Building Directive recast (EPBD recast, Directive 2010/31/EC) [11]. The energy quality
directive (EED) (EU, 2012/27/EU) and the Green Energy Directive (RED) (EU, 2009/28/EU)
are additional directives aimed at improving energy production in buildings [12]. As
per EPBD recast by 31 December 2018, all-new buildings must become nZEBs, and by
31 December 2018, new buildings occupied by public authorities must become nZEBs as
well [13].

An nZEB is defined as a building with very high energy performance, as determined
by Annex I. Member states have been stated by EPBD to detail NZEB definitions reflecting
national, regional, or local conditions, and a numerical indicator of primary energy use
expressed in kWh/m2 per year. The primary energy factors used in the measurement of
primary energy usage should be based on the appropriate European standard and the
national or annual average.

Member states will provide the quantitate definition of “very high energy perfor-
mance” and a very significant extent by energy from renewable sources. In addition, each
government can specify the definition of “nearby” and category of primary energy to be
used in numerical performance metrics.

In addition, several researchers [14] have defined and given some dominant terms for
defining ZEB, which is illustrated in Table 1.

Table 1. Dominant terms used to define ZEB.

S.no. Dominant Terms Definition

1 Net-zero site energy use It produces at least as much energy as it uses in a year when accounted for at
the site.

2 Net-zero source energy * use It produces at least as much energy as it uses in a year when accounted for at
the source.

3 Net-zero energy emissions It produces at least as much emissions-free renewable energy as it uses it from
emissions producing energy sources.

4 Net-zero cost
It balances the cost that the utility pays the building owner for the energy

exports of the building to the grid with the cost that the owner pays the utility
for the energy consumed and the energy services per year.

5 Energy Plus

It produces more energy from onsite renewable energy sources than the energy
it consumes from the grid. It also incorporates a combination of small-scale
power generators and low-energy building solutions such as passive solar

building design and super insulation design.

* Source energy: It refers to the primary energy used to generate and deliver the energy to the site.

Furthermore, the implementation of cost optimality is another EPBD revision. In
Delegated Regulation, No. 244/2012 supplementing the EPBD recast [15], a framework of
comparative methodology to work out cost-optimal levels of minimum energy performance
requirement for buildings and its element has been given. The meaning of the cost-optimal
level is the energy performance level which leads to the lowest cost during the estimated
life cycle.

The method includes, first, identifying benchmarks and the use of energy-efficient
initiatives to minimize primary energy consumption and explore the selection of the most
economically productive solution [16–18]. Several experiments illustrate how a diverse
scenario of building and climate types describes Europe [19,20]. Therefore, different cost-
optimal levels and bundles of energy-efficient measures can be found [21].
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The cost-optimal concept is closely associated with the nZEBs as defining cost opti-
mality and minimal commitment for the renovation of buildings and new buildings.

The European Commission Recommendation on guidelines for the promotion of
nZEBs [22] states that the nZEBs cannot have the same level of performance throughout Eu-
rope.

Flexibility is required in terms of the effect of climate conditions on heating and
cooling demands and energy efficiency and on renewable energy packages. In comparison
to the EPBD principle of the nZEB, new buildings on the market seem to qualify according
to separate terms and definitions.

However, despite the widespread discussion over the past ten years, there has been
no general common consensus on the technical importance of these terms. The current
condition for the development of the applied national nZEB descriptions has improved in
Europe relative to the previous reports [23]. Ref [23] reports a qualitative evaluation of the
Current status of nZEBs development in the Member States. However, only a few Member
States have generated policies for stimulating cost-effective nZEB renovation [24].

The building owners and consumers represent the most critical stakeholders, when it
comes to assessing the share of energy efficiency and renewable energy technologies (RET)
opportunities for buildings as renovations happen at their expense [25].

A study on the acceptability of nZEB renovation strategies in Norway, ref. [26] found
that the choice of the homeowner’s renovation preference could be affected by social
and economic variables, such as an initial expense, repayment periods, and return on
investments.

The findings will promote the development and deployment of RETs for residential
buildings, including nZEBs, in the urban areas of Finland, and encourage policymakers,
technology suppliers, energy and buildings stakeholders, and building engineers.

This study will enable construction industry stakeholders to make provisions for
overcoming the barriers, gaps, and challenges identified in the practices of the retrofit
projects. It will also inform the formulation of policies that drive retrofit uptake.

2. Literature Review
2.1. Stakeholders Attitudes toward nZEB

Stakeholders have a significant impact on the progress of projects, particularly in the
case involving complex projects with heterogeneous stakeholders, so their experience is
indeed important for project management and delivery. The management of stakeholders
is crucial for the performance of projects, especially in the case of a complex project [27].
Stakeholders can be described as a person or group of persons influenced by or able to
influence a project [28]. For project success, strong collaboration among stakeholders is
important as a project can be viewed as a temporary organization for stakeholders pursuing
a goal together [29]. McElroy and Mills [30] have stated that the objective of stakeholder
management is to achieve project success by continually developing their relationships.

Therefore, it is a significant and crucial issue of stakeholder management to see how
stakeholders influence the success of projects.

There are six major stakeholders in existing research: namely, the owner, designer,
contractor, supplier, occupant, energy manager and government, whose activities will
directly or indirectly affect building energy consumption, such as the owner’s and de-
signer’s decisions, contractor’s construction, and the energy manager’s and occupant’s
behavior [31].

Building Life Cycle and Key Stakeholders

Table 2 lists the role of the diverse stakeholders and their main concerns throughout
the building lifecycle phase.
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Table 2. Role of the key stakeholders and their concerns in the building life cycle (adapted from [32]).

Key Stakeholder Investors Manufacturer/Supplier Banks/Financial
Institutions Contractors Planners/Designers End User/Owner Public Authorities

Lifecycle Phases
Project development

phase/concept/design
phase

Construction
phase/revitalization

phase/modernization
phase/deconstruction

phase

Project development
phase/idea/capital

Construction
phase/revitalization

phase/modernization
phase/

deconstruction phase

Project development
phase/

concept/design phase/
construction phase

Operation
phase/maintenance

phase
All phases

Main Concerns

Return of investment;
economic feasibility;

corporate social
responsibility;

regulation;
personal beliefs;
company image

Energy supply;
availability of natural

resources;
economic feasibility;

cost-efficiency;
workforce; corporate
social responsibility;
regulation; personal

beliefs; company image

Return of investment;
company image

Materials and energy
supply; economic

feasibility; cost-efficiency;
workforce;

corporate social
responsibility; regulation;
personal beliefs; company

image

Knowledge; creative
and efficient application

of
technologies;

cost-efficiency;
corporate

social responsibility;
regulation; personal

beliefs; company image

Well-being; economic
feasibility; lifestyle;

personal beliefs;
company image

Regulations and control;
well-being
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2.2. Role of the Stakeholders in the Construction Industry

In all construction projects, numerous stakeholders are involved at each stage directly
or indirectly. An integrated design process (IDP) involves all participants in the early
design phase of the project. This indicates that all parties work together in the preliminary
design process, from setting the project priorities to identifying measurable design criteria
for these objectives.

The different stakeholders of the early design stage have been divided into three main
groups (refer to Figure 1). These groups are as follows: (a) society and citizens: local author-
ities, citizens; (b) clients and users: end-users, investors, initiators, developers, building
owners, facility managers, and (c) construction sector: builders, designers, suppliers [33].
Traditionally, the most powerful stakeholders have been (a) local authorities through the
building regulations and (b) investors who have been obsessed with the cost of project
capital and therefore have neglected potential gains by a lowered life cycle cost.

Figure 1. Three main groups of stakeholders.

If the environmental value of the life cycle is considered, all stakeholders are acknowl-
edged and motivated to cooperate, collaborate, and influence each other’s projects.

Each stakeholder introduces their expertise and personal agenda to the design process,
and the result is a more informed and balanced design.

The building owners are obsessed with maintenance costs and favor decreased energy
usage during the building life.

Facility managers usually struggle with practical issues, including the cleaning of
façades and the maintenance of facilities. They are directly responsible for the actual
everyday performance of the building, and their contribution to the design process is
invaluable.

Building users must be satisfied with the facilities and comfort level provided. Failing
to provide the needs of the user may lead to wasteful post-occupancy alterations to the
building design and decreased building value.

Building services engineers are concerned with the building geometry and material
properties, which are traditionally fixed after the planning stage. Reduced levels of energy
consumption can be achieved when architects and engineers design the building shape
in parallel. The building orientation may be changed, or external shading may be added
to reduce solar gain and save on cooling energy. Glazing size and properties may be
optimized to maximize daylighting or to reduce annual heating and cooling loads.

Environmental impact consultants may wish to comment on the suitability of the
project site to reduce the development of unsuitable sites due to biodiversity and ecological
concerns, to reduce light pollution, and to reduce the transport-related carbon footprint of
the building.
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Contractors may provide comments on the buildability of the building design and
may propose practical measures to simplify the building process, thus saving energy
and materials.

Material suppliers can inform the design team regarding the embodied energy of
materials. Then, material options can be categorized and selected based on where the
material will be sourced from and how it will be processed before arriving at the site. An
integrated design process can achieve improved building performance with lower costs
and fewer disruptive changes during the later project stages.

2.3. Retrofit Industry and Construction Professionals

Finland’s Integrated Energy and Climate Plan contains the national targets and the
related policy measures to achieve the EU’s energy and climate targets. Concerning energy
efficiency, following the EED, Finland’s indicative national energy efficiency target for
2020 is the absolute level of final energy consumption at 310 TWh. The energy efficiency
target to contribute to the EU 2030 target in final energy consumption is 290 TWh. In 2017,
Finland had achieved a level of 294 TWh for final energy consumption, corresponding to
371 TWh of primary energy consumption.

Market development, adaptability, and filling the gaps in homeowner information
are of vital importance and are governed by the growing construction industry. The
provision of incentives supports the market penetration of nZEBs, and a recent market
report on Energy Service Companies (ESCOs) in Europe notes that the Irish retrofit industry
is growing rapidly due to such incentives [34]. The retrofit industry is an important
stakeholder for nZEB, and key actors include professionals such as architects, engineers,
small and medium businesses, contractors, and other construction professionals.

For highly efficient buildings, the value supply chain of designers, architects, construc-
tion workers, clients, and policymakers needs to be integrated with the current demand for
quality and precision.

In the Irish context, conventional construction professions, such as carpenters, electri-
cians, and manufacturers, directly interact with the owners, and it is important to establish
the supply chain in value [35]. The Build-up skills road map is a key component of
the Build 2020 plan formed by a coalition of governmental departments, state agencies,
training centers, and construction workers to enhance skills for tradesmen and retrofit
professionals [20].

To address current technological, social, economic, and environmental hurdles, retrofit-
ting companies need a greater agreement around processes, tools, and best practices, as
discussed in this study. Coordinated engagement between industry stakeholders in the
starting, production, and delivery of projects will improve the quality and technology
necessary for retrofit [36]. Several studies have explored the criteria of end users to help
retrofitting decision making using surveys [37,38].

Nevertheless, very few studies have assessed the demands for low energy building of
building industry stakeholders in Europe [39]. They suggested that most countries need
knowledge and training to encourage potential business growth.

They also suggested that the growth of ESCOs in Europe lacks confidence and reliable
information. Established skills in the building industry are quite high, but they are not
enough matched to the low energy building approach.

The ZEBRA 2020 project aims to develop mechanisms to track the market acceptance
of nZEBs throughout Europe and its suggestions are anticipated [40]; however, it does not
include Finland in its consortium.

Therefore, a thorough stakeholder consultation process has been initiated in this
study to recognize the barriers, gaps, and challenges to the retrofit industry in Finland.
This process, outlined in the following section of the paper, comprises a construction
professional survey (Section 3.1) and in-depth interviews (Section 3.3).
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2.4. Aims and Objectives

When it comes to deep retrofitting, the engagement of the stakeholders plays a very
vital role. The role of the key stakeholders in the industry becomes highly responsible for
an informed understanding and decision making. To this end, this study aims to analyze
the barriers and gaps toward nearly zero energy buildings by understanding the attitudes
and approaches of the stakeholders.

3. Research Design and Methods

The aim of this investigation is to understand the attitudes and approaches adopted
by retrofit industry professionals in their practices or businesses toward delivering or
achieving nearly zero-energy buildings. To this end, a three-tier methodology was designed
comprising of a literature review, surveys (60 respondents), and a series of in-depth
interviews (4 participants).

3.1. Aims and Objectives

This study employs a methodology survey questionnaire that considers various user
segment categories, the financial sector, and among sellers and policy makers at the local,
national, and international level working on low-carbon buildings solutions.

Questions for the questionnaire are divided into 4 different categories: individual
perspective, SDGs (Sustainable Development Goals) goal perspective, material’s embodied
carbon perspective, and market energy-efficiency perspective, as illustrated in Figure 2
below.

Figure 2. Questionnaire design methodology.

A semi-structured online questionnaire was compiled on webropol and distributed
between May and August 2019 via email and public forum (in Supplementary Material).
The survey was composed of qualitative/open-ended and quantitative questions based on
multiple choice, rank order, Likert, and rating scales designed to capture the characteristics
of individual retrofit businesses. Sixty detailed responses were received, giving a response
rate of 15%. A purposeful sampling technique was applied to select the respondents from
within Finland [41].

3.2. Aims and Objectives

The questionnaire was published using an online survey system. The public version
of the survey was launched on 27th July 2019. The questionnaire was linked to an internet
panel management and survey distribution platform, which was applied to collect the
required amount of responses through several internet panels. The platform narrowed
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the focus population to those residing in Finland and split the sample participants into
six categories (18–24, 25–35, 36–46, 47–57,58–68 and 69–80).

These age groups were chosen specifically to understand the role of age condition
on the views on NZEB buildings. The ratio of the interviewees for the above-mentioned
information is shown in Figure 3.

Figure 3. Percentage of the respondents by age.

Approximately 35% of the respondents were in the age range of 36–46 followed by
the age group of 47–57 with 32%. Most of the participants as stakeholders (Figure 4) were
HVAC engineers (16%), followed by the largest group of participants, construction design
engineers (15%) and property owners (15%). The other largest groups were ESCOs 12%,
builders (11%), architects (10%), tenants, facility managers, and contractors with 7% each.

Figure 4. Percentage of the respondents by different stakeholders’ categories.

3.3. Data Analysis

The collected data were exported from the Online Survey system to a spreadsheet
for detailed review following the completion of our online survey. Two types of variables
(independent and dependent variables) were selected according to our survey questions
as follows.

(1) Independent variables in questions: Q1–Q8
(2) Dependent variables in questions: Q5–Q10
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The open questions were analyzed through a simple qualitative content analysis
by identifying certain words and calculating their repetition for each question. Using
the spreadsheet calculations, the data was analyzed, and the selection of the statistical
characteristic of the data was identified using standard statistical operations. Various forms
of statistical analysis, such as correlations, variables, and text mining analysis were used to
analyze the data.

3.4. Background Data

As discussed, most of the respondents were in the age range of 36–46 years and mostly
working in the existing buildings of Finland, as shown in the Figure 5. The difference is
not so big; 47% and 53% are quite close.

Figure 5. Building types where the stakeholders work.

Text mining analysis shows that most of the respondent’s stakeholders (60%) own
office buildings followed by residential buildings with 55%. Furthermore, Figure 6 below
highlights the responses of Q4. Additionally, we used word mapping by hierarchical and
clustering analysis to analyze the reason behind their living in such houses/apartments.

Figure 6. Building type (which you own/manage/occupy).
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4. Results
4.1. Survey Results: Assessing the Stakeholder Perspective

The results are summarized and discussed in the following three categories: (1) im-
portance of energy efficiency and the focus on embodied energy CO2 in the materials, (2)
usage of UN (United Nations) sustainable goals, and (3) expectations and needs.

4.1.1. Importance of Energy Efficiency and the Focus on Embodied Energy CO2 in
the Materials

The survey highlights (refer Figure 7) the importance of energy efficiency and the
embodied carbon CO2 in the materials among the stakeholders. Q7 of the survey produced
statistical results with a median of 1.97 for “embodied carbon CO2 in the materials” and
1.27 for “energy efficiency”, which shows that the importance of the embodied carbon CO2
in the materials is less important than the energy efficiency from the stakeholders’ point
of view.

Figure 7. Respondents’ (stakeholders’) opinion about the importance of energy efficiency and embodied energy CO2 (Q7).

It can be seen from Figure 8 that tenants ranked the energy efficiency 2 (which is
important) when it comes to the nearly zero energy building, following builders (12%), who
ranked energy efficiency importance between 1 and 2 (somewhat important). Figure 8 also
highlights that “energy efficiency” is very important for ESCOs, contractors, and facility
managers followed by architects, HVAC engineers, and construction design engineers.

When it comes to the responses of the importance of “embodied energy CO2” toward
nearly zero energy buildings (refer to Figure 9), the survey results highlighted that for
architects, embodied energy CO2 was ranked the most important.

Figure 10 further shows that 83.3% of architects ranked it as 1 (very important) and
16.7% of them ranked 2 (which is important). However, it seems for other stakeholders
e.g., facility managers, tenants, property managers, and ESCOs, embodied carbon is
rather unimportant.
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Figure 8. Stakeholders’ consideration for the energy efficiency factor toward nearly zero energy buildings.

Figure 9. Stakeholders’ point of view: importance of embodied carbon CO2 in the materials.
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Figure 10. Breakup of the stakeholders view on the importance of embodied energy CO2 in materials.

Figure 10 details the breakup of the stakeholder’s point of view on the importance of
the embodied energy CO2 in materials, which 83% of architects ranked as 1 (very important).
The remaining 16.7% of the architects ranked it as 2 (important). Following architects, 75%
and 25% of the contractors ranked 1 and 2 for the importance of the “embodied energy
CO2 in materials”, respectively.

4.1.2. Usage of UN Sustainable Goals

The representatives of the United Nations met in 2015 to agree on 17 sustainable
development priorities including 169 sustainable development objectives in the overall
economic, environmental, and social contexts of the countries to be attained by 2030 [42].
To achieve these goals, more effort may be required than the existing policies and strate-
gies. This is particularly true for the energy sector, as energy is the key enabler for all
development activities.

Therefore, there is a need to analyze the required usage in the companies from the
stakeholder’s point of view. Figure 11 shows that approximately 75.6% do not use SDG
goals in their work and 24.6% of them use it. Furthermore, Figure 12 shows the breakup
of the individual stakeholder’s usage of the UN sustainable goals. It highlights that
the architects, HVAC engineers, and property owners are the ones who most use UN
sustainable goals.
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Figure 11. Average percentage of the respondents using UN SDG goals.

Figure 12. Breakup of the stakeholder’s usage of the UN sustainable goals.

Q8 is analyzed further using hierarchical clustering and Sammon mapping. Q8 was
an open answer question, and through word mapping (Figure 13), the result highlights
that most of the stakeholders indicated that “sustainability” was the most achieved UN
goal in their work. The survey shows that the respondents do not have much knowledge
about the UN goals, and 75.6% of the respondents (refer to Figure 11) do not use UN
goals in their work. In addition, from their answer of which UN SDG goals they are using,
most of them answered “Don’t know” among sustainability, some answered that they use
energy and architecture related goals, energy, materials, good living, CO2, energy efficiency,
sustainability, well-being, and indoor air quality. Among these answers, many of which
are related to energy efficiency. Perhaps it seems from their answer that most of them
are not aware of the UN sustainable goals. Another option is that they might use more
detailed goals than the overarching SDGs in their work. However, Q7 indicates that they
give importance to the CO2 embodied carbon. It concludes that they do need training to
have knowledge and awareness of UN SDGs.
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Figure 13. Breakup of the stakeholder’s usage of the UN sustainable goals in their work.

4.1.3. The Most Important Actions in Reaching the Carbon Neutrality Target in
Building Sector

Carbon neutrality means balancing artificial carbon emissions by compensating with
separate emission losses and low CO2 production methods to maintain a net zero-carbon
footprint [43,44]. At the production stages of carbon emissions, the energy transition
required to achieve carbon neutrality is crucial, and energy policy at that point dictates
how much emissions are minimized.

When energy-induced carbon emissions cover a substantial part of the overall carbon
output of the city or region, energy policies are much more important.

In addition to the Helsinki Municipal Environmental Services Authority (HSY), the
cities in the Helsinki Metropolitan Area have set clear targets to become carbon-neutral by
2050. Q10 assesses the stakeholder’s attitude and approaches toward the carbon neutrality
in the building sector.

When selecting key steps to meet the carbon neutrality objective in the building sector,
(refer Figure 14) the following have been ranked 1 (very important) by the stakeholders:
(a) the use of smart technologies for reducing running time carbon emissions, (b) the use
of renewable energies, (c) both embodied and running time carbon emissions. However,
“Embodied carbon in materials” has been ranked 2 (important).

Figure 15 shows the stakeholders’ view in terms of ranking of the “embodied carbon
in materials”. It highlights that for the stakeholders such as architects and contractors,
“embodied carbon in materials” is very important. The majority (65%) of the architects
and the contractors ranked 1 for embodied carbon in the building, followed by 50% of
the tenants and 44% of the construction design engineers. Perhaps we might infer that
“embodied carbon in material” is very relevant to architects, contractors, and construction
engineers. The remaining stakeholders—property managers, facility managers, energy
service companies, etc.—ranked 3 (rather unimportant), which somehow stresses that
these stakeholders are not bothered about the embodied carbon in materials, or it might
be because of the lack of awareness about the embodied carbon in materials. Architects
and contractors are the ones interested in embodied CO2, while facility managers, etc., are
not the ones selecting the materials, which is probably why they are not so interested in
embodied CO2.
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Figure 14. Ranking of the important actions in reaching the carbon neutrality target in the building sector.

Figure 15. Stakeholder’s ranking for “embodied carbon in material” for reaching the carbon neutrality target in the building
sector.

Embodied carbon in materials during the design stage is also a significant step toward
designing the nZEB buildings. Chastas et al. [45] studied a sample of 90 case studies of
residential buildings from the viewpoint of life cycle energy. The findings suggest an
embodied share of energy for traditional built buildings of 6–20%, passive energy building
of 11–33%, low-energy buildings of 26–57%, and nearly zero energy buildings of 74–100%.

Sartori and Hestnes [46] found that the embodied energy accounted for 2–38% of
traditional building life cycle energy and 9–46% of a low-energy building life cycle energy.

Figure 16 highlights that the “running time carbon emissions” is very important
for property owners (78%), tenants (75%), facilities managers (75%), construction design
engineers (67%), and HVAC engineers (90%). Nevertheless, it is splendid to see that 100% of
the contractors and ESCO companies ranked 1 for the importance of “running time carbon
emissions” in reaching the carbon neutrality in the building sector. It is very fascinating
to see from the survey that “running time carbon emissions” has been ranked 1 (very
important) and 2 (important) by all stakeholders. None of them ranked 3, 4 or 5; moreover,
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it confirms that stakeholders take seriously running time carbon emissions toward nearly
zero energy buildings. However, it is very surprising that landlords have no view about
the importance of carbon neutrality in the buildings. In another way, we can assume that
landlords do not realize the significance of carbon neutrality in buildings.

Figure 16. Stakeholder’s ranking for the “running time carbon emissions” in reaching the carbon neutrality target in the
building sector.

Furthermore, the construction professionals were asked to rate the requirement of
“both embodied and running time carbon emissions” across five categories in order of their
importance (Figure 17). A very stagnant response to these actions in reaching the carbon
neutrality target in the building sector indicates a high appetite for both embodied and
running time carbon emissions by construction professionals in the Finnish retrofit industry.

Figure 17. Stakeholder’s ranking for the “Both embodied and running time carbon emissions are important” in reaching the
carbon neutrality target in building sector.

Furthermore, there has been a diverse trend observed for the importance of “renewable
energy” (Figure 18) and “the use of smart technologies for reducing running time carbon
emissions” (Figure 19) toward carbon neutrality across five categories. When it comes
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to the use of “renewable energy”, most of the stakeholders ranked it as very important.
ESCOs, tenants, HVACs, and architects are among the highest respondents who ranked it
as very important. Nevertheless, there are some construction professionals such as property
owners, facilities managers, construction design engineers, and builders who ranked it as
rather unimportant.

Figure 18. Stakeholder’s ranking for the “the use of renewable energies” in reaching the carbon neutrality target in the
building sector.

Figure 19. Stakeholder’s ranking for the “the use of smart technologies for reducing running time carbon emissions” in
reaching the carbon neutrality target in the building sector.
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Renewable energy policies are necessary for achieving carbon neutrality, which is the
main goal for climate change mitigation. The cities in Helsinki have vowed to drastically
reduce carbon emissions through numerous climate initiatives, including some renewable
energy use initiatives [47]. However, the findings of the authors of [48] show that current
renewable energy policies in the Helsinki metropolitan area are weak and many challenges
exist. Nevertheless, various ways to strengthen current practices are available.

The use of smart technologies for reducing running time carbon emissions is very
important among ESCOs, HVACs, tenants, and property owners followed by facilities
managers, architects, builders, and contractors. However, it is very much interesting to
see the trend in which half of the architects, facilities managers, and builders rank it as
merely important.

5. Interview Results: Investigating the Key Personnel

In-depth interviews were conducted as the final component of this study on retrofit
practices. The interviews were semi-structured of 30–60 min duration, which gave the
interviewees the freedom to share their thoughts, ideas, and experiences. Interview ques-
tions focused on the CO2 emissions and CO2 emissions in the construction phase: (1) what
do they prioritize and why? (2) What kind of tools or targets would be useful to support
resiliency and sustainability in their work? (3) Are they using UN Sustainable Development
Goals in their work as guiding tool? (4) What is their attitude toward nZEB? The aim of
this phase of the study was to interview the process actors as widely as possible.

The results of the interviews are based on responses to open-ended questions which re-
flected the independent perspective of the interviewees. A thematic analysis was conducted
to analyze the results. A total of four interviews were conducted, and participants were se-
lected randomly from different backgrounds and practices in renovation and refurbishment
activities in buildings following a purposeful sampling technique.

5.1. Usage of UN Goals in the Work as a Guiding Tool

“Yes, they are using UN development sustainable goals. However, they don’t
think about it daily, weekly or monthly basis, it is just there. Their strategy is
linked to [the] UN (climate goal) to their sustainable implementation towards
[becoming] carbon neutral”. (sustainable development manager)

“Yes, we have chosen specific targets”

“Yes, we do use [the SDGs] as a guiding tool but not [in] a strategic way. We have
done a quick mapping which of these SDGs are relevant to work. We have used
as a very broad guideline. We use it because it’s a good picture which gives a
broad way. However, it’s a bit difficult to pick one SDGs as it is very broad, it is
good for big business.”

“It is an established frame, no we don’t use SDGs in our work”. (sustainable
manager)

Overall Comment: In a deeper sense they are using UN SDGs as a guiding tool and
more on strategic levels. However, they were not using detailed policy.

5.2. Assessment CO2 Emissions in Construction Phase

“We as a program, we don’t building anything, we don’t build buildings. We are
making a roadmap for buildings to become carbon neutral. We need to reduce
the carbon emissions during both [the] running and construction phase. We
do recognize that running time gives more carbon emissions and we have to
tackle both. However, when we build something new, we have to focus on [the]
construction phase”. (development manager)

“We prioritize operation time, because that’s we know and it’s easier to calculate
and easy to affect us directly. In the construction phase, we have not constructed
yet. It might come with a huge price tag so it’s a little bit tough for us. Maybe if
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some construction provider comes to us saying that they will give us some help,
then we may can think about it. In the longer run the emissions [come] from the
construction [rather] than in the operation phase.”

“Both are important, ours has promised to be CO2 free by 2045.”

“I would talk about embodied, running time is a big part of the life cycle. Of
course the materials’ impact is increased. Structural energy is also important. It
is very difficult to prioritize.”

Overall Comment: For them, the embodied running time is more important as it is a
big part of the material lifecycle. Most of them have not factored in the construction phase,
as it might come with a huge price. However, if the construction provider could provide
some help, they might think about it. In longer run, the emissions from the construction is
more important than in the operation phase.

5.3. Tools or Targets to Support Resiliency and Sustainability in Their Work

“The calculator, the national target on how you calculate and what. We can’t
think of one specific tool. In terms of target, we already have, as it’s already in
the city strategy to support the resiliency and sustainability in the work.”

“We follow all different kinds of energy consumptions we have. We would be
interested in understanding better the visitor and logistics carbon emissions.”

“We are using modeling and target values/criteria for design. We have our own
CO2 calculation models and we are using them to set the targets for our projects.”

“We use many kinds of tools, like EPDs. We can see the impacts from one-click
LCA software and the carbon designer tool, we can utilize when we have EPDs.”

Overall Comment: They have not used any specific tool to support resiliency and
sustainability in their work. They have their own CO2 calculation models and are using
them to set the targets for their projects. However, they can not think of any one specific tool.

5.4. Attitudes toward nZEB

“We think nZEB buildings are [one] more step to going toward negative building.
Looking at the city perspective, it’s a good attitude; however, in a bigger picture,
it requires [the] collaboration of all the stakeholders. Communication and col-
laboration are vital parts in accomplishing these targets toward the city NZEB.
Financing part also comes [into the] picture, it has to be viable to make the build-
ings nZEBs, those are businesses and they have to make money”. (development
manager)

“nZEB is possible, [the] EU definition is different than any other countries. For
example, each climate has different criteria. We are constructing right now.
Buildings [that] produce their own energy is tough though”. Producing all the
energy on site is not feasible. Everything comes with a price tag but not all
is possible.”

“It is really happening. We are promoting a lot, it’s our business to promote.”

“We focus on zero carbon buildings, zero energy is good but not enough”.

Overall Comment: Looking at the bigger picture, nZEB needs the collaboration of all
the stakeholders. Designing nZEBs is possible; however, producing all the energy on site is
not feasible. Stakeholders are focusing on zero carbon buildings.

Furthermore, the findings were collated in each theme to present the overall picture.
Quotations have been used to improve the interpretation of the findings.

6. Summary of the Results and Discussion

The aim of this paper is to identify the attitudes, approaches, and experiences of
Finnish construction professionals regarding energy-efficient buildings, particularly nZEBs.
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To accomplish this, we used a two-tier approach: (a) an online survey questionnaire method-
ology and (b) interviews with the personnel, which considered various users segment
groups, in the financial community and among sellers. Questions for the questionnaire are
divided into four different categories: the individual perspective, the SDGs perspective,
the materials’ embodied carbon perspective, and the market energy-efficiency perspective.
The total number of the respondents was 60. Approximately 35% of the respondents
were in the age range of 36–46 followed by the age group of 47–57 with 32%. Most of the
participants as stakeholders were HVAC engineers (16%), followed by the largest group
of participants, construction design engineers (15%) and property owners (11%). The
other largest groups were ESCOs (12%), builders (11%), architects (10%), tenants, facility
managers, and contractors with 7% each.

6.1. Stakeholders Attitudes toward Importance of Energy Efficiency and Embodied CO2

The results show that the importance of the embodied carbon CO2 in the materials is
less important than the energy efficiency from the stakeholder’s point of view. Figure 9
highlights that “energy efficiency” is very important for ESCOs, contractors, and facility
managers followed by architects, HVAC engineers, and construction design engineers.

When it comes to the responses of the importance of the “embodied energy CO2”
toward nearly zero energy buildings (refer to Figure 10), the survey results highlighted that
for architects, the importance of the embodied energy CO2 ranked the highest. Figure 11
further shows that 83.3% of architects ranked 1 (very important) and 16.7% of them ranked
2 (which is important). As the architects are the designers of the buildings, embodied CO2
makes sense for them. However, it seems that for other stakeholders e.g., facility managers,
tenants, property managers, and ESCOs, the importance of the embodied carbon is rather
unimportant. It can be concluded from this result that these stakeholders might not be
properly aware of the significance of embodied carbon in materials.

Several studies highlight that embodied carbon makes up between 27 and 58% of
lifecycle carbon emissions [49]. In terms of building components, Hughes and Winter [50]
have shown that the selection of the structural frame system has a more significant influence
on the embodied carbon and cost than other building components such as (structural
frame, inner components (i.e., insulation and sheathing). Hence, it is very important for the
stakeholders to understand the importance of expressing and understanding the diversity
of the materials.

6.2. Usage of the UN Sustainable Goals in Your Work

Figure 13 shows the breakup of the individual stakeholder’s usage of the UN sus-
tainable goals. It highlights that the architects, HVAC engineers, and property owners are
the ones who consider the most usage of UN sustainable goals. This justifies the results
from Q7 (where architects indicate the importance of embodied carbon in the material),
as the building materials can contribute significantly to the achievement of UN goals [51].
The results presented in this research [52] proved that building materials can contribute
significantly to the achievement of the 13 goals and 25 targets of the SDGs. The framework
showed that a direct positive contribution of building materials on the SDGs has been no-
ticed in SDG 3, SDG 7, SDG 9, SDG 11, SDG 12, SDG 13, and SDG 15. However, the survey
taken in this research study shows that the respondents do not have much knowledge
about the UN goals, and 75.6% of the respondents (refer Figure 12) do not use UN goals in
their work.

6.3. Importance of Carbon Neutrality Reaching the nZEB

Q10 assesses the stakeholder’s attitudes and approaches toward carbon neutrality in
the building sector. This question was subdivided into ranking the opinion toward the
most important actions in reaching the carbon neutrality targeting the building sector. The
important actions were listed as follows: (1) embodied carbon in materials, (2) running
time carbon emissions, (3) both embodied and running time carbon emissions, (4) the use
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of renewable energies, and (5) the use of smart technologies for reducing running time
carbon emissions.

Overall, the tenants, HVAC engineers, architects, and the ESCOs among the overall
stakeholders seem aware of the nZEBs. In terms of the use of renewable energy (Q10)
in nZEBs, tenants, HVAC engineers, architects, and ESCOs have listed it as the most
important.

The reason behind the awareness could be the direct involvement in the construction
of the buildings. However, property owners, facilities managers, construction design
engineers, builders, and contractors ranked the usage of renewable energies as rather unim-
portant. Nevertheless, when it comes to the knowledge of energy efficiency, the survey [51]
highlighted that most of the respondents consider renewable energy technologies (RETs)
such as solar PV as one the energy-efficiency options among others such as solar hot water,
nuclear power, power plant, wind energy, solar power plants, etc.

Renewable energy policies are necessary for achieving carbon neutrality, which is
the main goal for climate change mitigation. The cities in the Helsinki metropolitan area
have pledged themselves, through different initiatives on climate change and several
measures for renewable energy utilization, to substantially reduce emissions of carbon [47].
However, the findings of [47] show that current renewable energy policies in the Helsinki
metropolitan area are weak and many challenges exist. Nevertheless, numerous options to
strengthen current practices are available.

The research study concludes that in the case of net zero energy buildings, the main
impact occurs due to the building materials and technologies installed on the site [53].

The overall collective picture represents the attitudes and approaches of the industry
stakeholders that define the shape and growth of the industry for future nZEBs.

7. Discussion

In Finland, an energy transition to a carbon neutral society appears as a unifying
sociotechnical imaginary shared by politicians at different levels. While the imaginary is
precise, with carbon neutrality as a long-term societal goal to be achieved in 2050, it is also
interpretatively flexible, as carbon neutrality accommodates multiple views on the role of
acceptable technologies, energy sources, and offsets [54].

This paper is present the attitudes of the stakeholders on nZEB in the Finnish region.
The research highlights that “energy efficiency” is very important for ESCOs, contractors,
and facility managers followed by architects, HVAC engineers, and construction design
engineers. However, when it comes to “embodied carbon in materials”, ESCOs followed
by tenants and facility managers rank it as unimportant. When it comes to the use of
renewable energy, most of the stakeholders ranked it as very important. ESCOs, tenants,
HVACs, and architects are among the highest respondents who ranked it as very important.
Nevertheless, there are some construction professionals such as property owners, facilities
managers, construction design engineers, and builders who ranked it as rather unimportant.
The primary objective of the facilities manager is to oversee the maintenance and upgrading
of the built-in environment of a specific workplace. A facilities manager needs to integrate
the employees of the firm with the dynamics of the infrastructure on a single integrated
platform. However, the current changes, particularly in the sustainability area sparked
by the climate changes, have also changed the roles and duties of facilities managers [55].
As described by Goyal et el. [56], the future importance of facility managers will enhance
cost-effective and environmental issues which is becoming the main concern in every field
of economic activity.

The results highlight that the “running time carbon emissions” is very important
for property owners (78%), tenants (75%), facilities managers (75%), construction design
engineers (67%), and HVAC engineers (90%). Nevertheless, it is splendid to see that 100%
of the contractors and ESCO companies ranked 1 for the importance of “Running time
carbon emissions” in reaching carbon neutrality in the building sector. Perhaps it is very
fascinating to see from the survey that “running time carbon emissions” has been ranked
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1 (very important) and 2 (important) by all stakeholders. None of them ranked 3, 4, or
5; moreover, it confirms that stakeholders take seriously running-time carbon emissions
toward nearly zero energy buildings.

Overall, the tenants, HVAC engineers, architects, and the ESCOs among the overall
stakeholders seems aware of the nZEBs. They also ranked the renewable energy as very
important toward achieving nZEBs. Among the various stakeholders, it can be summarized
that the stakeholders are aware of renewable energy and its importance toward achieving
nZEB. Deng et al. [56] introduced several promising and renewable energy-efficient mea-
sures for NZEB, such as solar heating systems, solar cooling systems, renewable source
heat pumps, and power generation systems. Ref. [14] defined the priorities for a ZEB: the
first factor was the question of energy efficiency and then the application of renewable
energy sources.

Renewable energy policies are necessary for achieving carbon neutrality, which is the
main goal for climate change mitigation. The cities in Helsinki have vowed to drastically
reduce carbon emissions through numerous climate initiatives, including some renewable
energy use initiatives [47].

Detailed guidebooks, practical examples, and comprehensive training are essential for
consumers as well as professionals to take up nZEB.

Future research tasks can involve the attitudes of the stakeholders focusing on country-
specific case studies, identifying the key barriers, gaps, and challenges. Together, this shall
provide a holistic view of results in this direction. The overall worldwide collective picture
can represent the attitudes and approaches of the industry stakeholders that define the
shape and growth of the industry for future nZEBs.
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