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Abstract

In Sweden, the national building code (BBR) stipulates the specific energy use as an indicator to verify whether a new
building is complying with its design-phase energy performance values. However, previous studies have shown that there may be
large differences between the calculated specific energy and the actual monitored energy use. The differences are attributed to
various reasons including the actual energy behaviour of the occupants as compared to the standard values used in the
simulations. This may lead to disputes between the client and the contractor on the responsibility of meeting the energy
requirements.

In this study an adapted version of Delphi methodology was used to understand the building professionals’ view on various
indicators used to verify building energy performance. The study showed that professionals are concerned with the use of specific
energy as an indicator in the building procurement process as they do not have control over the occupants’ energy behaviour.
Majority of the professionals expressed a large confidence in the average U-value of the building, component U-values and the
specific heat loss figure by the Swedish center for zero-energy buildings as indicators of building energy performance.

© 2017 The Authors. Published by Elsevier Ltd.
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1. Introduction

In Sweden, the National Board of Housing, Building and Planning (Boverket) is the government organization that
steer the performance of buildings with an objective to reduce resources. Energy efficiency improvements in the
building sector is one of the focus areas for Boverket, and the Building Regulations (BBR) is one of the board's main
instruments for steering the energy use in buildings. BBR stipulates several energy efficiency criteria [1] that the
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new buildings must adhere and specific energy use which is often called as “specific energy” is one of the important
criterion. The specific energy includes the purchased energy for space heating, comfort cooling, domestic hot water,
and facility electricity [1].

The specific energy use is a useful indicator as it makes it easier to observe the final energy use in the building
sector and also to monitor whether the national energy use reduction targets are being achieved or not. However, in
most cases proper monitoring of the building's energy performance is not carried out after the building is handed
over to the client. Hence, it is not easy to know whether the building’s actual energy use is comparable with the
calculated/designed energy use. In cases where the energy use was monitored it was often found to differ
significantly from the calculated specific energy use. Fixing the responsibility for such a deviation is often difficult,
partly because the measured specific energy depends on both the buildings’ technical performance and the behaviour
of the occupants. The occupant behaviour could affect the energy performance of the building when its’ performance
is reported in terms of specific energy use. Moreover, the influence of the occupants’ energy behaviour becomes
more significant in energy efficient buildings [2, 3].

The building companies may prefer an indicator that reflects only the technical performance of a building. In
Sweden there are currently no accepted alternative methods for evaluating building energy performance.
Accordingly, the specific energy indicator is often relied upon by builders or building contractors to highlight the
building’s energy performance when they handover the finished house to their client. Since several parameters affect
this indicator, sometimes the design criteria on energy performance may not met due to parameters other than the
building’s technical performance. This may result in disputes between client and the builder.

In this paper we aim to present the opinions of building professionals on assessing energy performance of
multifamily buildings during the buildings’ procurement process. The specific focus of the study was to collect the
professionals’ opinion on the specific energy indicator used for verifications of building energy performance, issues
related to energy performance verification during the building procurement process and what indicators according to
the professionals could reflect the energy performance of the buildings accurately. As the topic is still evolving,
instead of providing individual’s opinion (for example using interviews) we use a Delphi approach which may
provide a collective opinion of professionals on the matter.

2. Method

In this study a modified Delphi method, as defined by Keeney [4], was used. The generic aim of this method can
be described as “to determine, predict and explore group attitudes, needs and priorities” [5]. A Delphi study offers a
“snapshot of expert opinion, for that group, at a particular time, which can be used to inform thinking, practice and
theory” [5]. The procedure for a Delhi approach can be summarized as: the researchers design a survey soliciting
data which can be both qualitative and quantitative, select the appropriate group of experts to answer the questions,
the researchers administer the survey, analyse the results and provide feedback to the expert panel, design another
survey based on the results and then give the experts an opportunity to change their responses and/or answer new
questions [6]. The feedback and re-administration of surveys can be reiterated until no further insights are gained or
until a satisfactory degree of consensus is reached. A more detailed description of the Delphi method can be found in
[7].

The “building professionals” were defined as individuals with practical experience of working with requirements
on building energy performance in the procurement process in Sweden. To increase the participation, the Delphi
study was limited to two rounds. Initially, 18 professionals were identified and invited to participate in the study.
The number of participants who completed the first and second survey were 16 and 15, respectively. Of these, 10
were employed in building companies or associated organizations of building companies, 3 were from property
management companies and two were employed at the municipality. The majority of the respondents (88%) were
men and approximately 55% had more than 10 years of experience in energy and buildings. The surveys were
conducted during 2015.

Before the first round of Delphi study (henceforth first survey) a workshop was held with representatives from
organizations that showed interest in the project. The objective of the workshop was to determine the focus of the
first survey and test a possible set of questions and options for the answers. As per the discussion and feedback at the
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workshop, some of the questions were reformulated and the suggested performance indicators included in the survey
were reduced.

The first survey consisted of both open-ended and closed-ended questions. In some of the close-ended questions
the respondents choose more than one option. The questions were aimed at understanding how building energy
performance should be verified in the procurement process and problems, if any, on how requirements on building
energy performance is currently set and verified in the procurement process. The questions were sent out in advance
to the participating members with a request to prepare for a discussion on those questions. The first survey was
conducted at the offices of the participating organizations.

All respondents from the first survey were invited to a focus group interview (henceforth second survey) on the
results of first survey. At the end of the focus group meeting the respondents were asked to re-evaluate their opinions
on how the requirements on building energy performance should be set and verified in the procurement process.

3. Results and discussion

In the first survey a majority of the professionals (11 respondents) did not consider it as important that one should
be able to quickly conduct the energy performance verification. Instead, all of them preferred that the energy
performance verification method should have high “robustness”, i.e. it should not be affected by occupants’
behaviour and climate. In the second survey, 14 respondents mentioned robustness as the most important feature of
energy verification methods. In the first survey, all respondents mentioned that they would choose measurements for
verifying whether the building is complying with its promised energy performance or not. Several respondents had
more than one preference on how to conduct energy performance verifications. Accordingly, approximately, 50%
preferred simulations for building energy performance verification. In the second survey, all respondents except one
(14 out of 15) preferred measurements for the buildings energy performance verification. Among those who
preferred measurements 85% (12 respondents) preferred measurements on specific components such as airtightness
while 55% (8 respondents) preferred energy use measurements.

In the first survey, 13 respondents (approximately 85%) believed that the building’s design phase is the
appropriate phase to verify/evaluate the buildings’ energy performance against the requirements set in the tender.
Several respondents chose more than one options on this question as well. Accordingly, 70% respondents thought
that the building’s operational phase is the appropriate time to verify the buildings’ energy performance. This
indicate that majority of the respondents consider that either design phase or operational phase are suitable to
verify/evaluate the buildings’ energy performance against the requirements. A majority of the respondents
(approximately 75%) in the second survey also believed that the design phase is the appropriate phase to verify the
building’s energy performance. Similar to the first survey, several respondents chose more than one option.
However, as compared to the first survey only 50% considered that the operational phase was the right time to verify
the buildings energy performance while 6 respondents (40% of respondents) considered that the building’s final
handover to the client was the appropriate time for energy verification.

Several respondents felt that specific energy is not an appropriate indicator to verify a building’s energy
performance. Some of the respondents stated as below on this aspect (authors’ translation):

”...KWh/m? must be removed from the procurement of buildings and replaced with an alternative indicator”.

“ ...the higher the requirements get, the higher percentage of the energy consumption will be influenced by
occupant behaviour and operation. This lead to a need (for the construction companies) to keep very good track of
the energy consumption in order to avoid disputes."

"....(specific energy) says nothing about the performance of the building envelope, you can e.g. compensate for a
bad envelope by putting solar panels on the roof."

"...(specific energy) is difficult to determine deviations, if any, depend on the building or on the occupants.”

A representative from a major building company mentioned that:

“....it is fine with specific energy because it is the purchased energy that you want to reduce. Other parameters
are quite unimportant if it does not lead to buying less energy. However, it is very complex when there are many
factors that are difficult to monitor and hard for an entrepreneur to control...”.
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The opinion of the respondents on energy compliance didn’t change significantly in the two surveys (Table 1).
According to the survey respondents it is important to verify the buildings’ energy performance independent of the
occupants’ behaviour.

Tablel: Perspectives on energy compliance during buildings’ procurement

Description Mean value®
First survey Second survey
How important it is to measure a building's energy use independent of occupants’ 6.38 6.27

behaviour (Ex. use of household electricity and hot water, ventilation, etc.)?

How important it is to measure a building's energy use independent of how it is 5.31 54
operated (Ex. indoor temperature, air flow, etc.)?

In the procurement process how important it is to measure a building's energy use 3.75 4.40
independent of the building's technical installations (Ex. efficiency of the heat
exchanger or heat pump)?

How important it is to use alternative approaches other than specific energy to 5.35 5.87
investigate the building’s energy performance as stipulated in BBR?

* The mean value is based on respondents’ rating using an ordinal scale of 1 to 7, where 1= not important at all and 7 = very important

The respondents’ preferences on seven indicators that could reflect the energy performance of the building were
analyzed. The seven indicators discussed in the survey were: (i) U-values for different building components (ii) the
average U-value of the building [W/m? K], (iii) the specific energy [kWh/m?Aemp], (iv) the specific net energy
[(kWh/m? Asemp], i.€. energy emitted by the building installations, (v) the specific heat loss figure by the Swedish
center for zero-energy buildings [W/m?], i.e. power loss based on calculated heat loss [8], (vi) the Heat loss
coefficient towards the outside air [kWh/°C], (vii) ) the envelope air tightness [1/sm?]. The respondents were asked
to choose three indicators that they considered appropriate for specifying building’s energy performance and rank
them from 1 to 3, where rank 1 is the most suited indicator. Table 2 presents the indicators the professionals (three
or more) considered as the most suited (ranked number 1) indicator for assessing the energy performance of
buildings. For example, in the first survey, five respondents considered U-values of specific building components is
the most appropriate indicator for energy performance verification which is independent of occupants’ behavior.

Table2: Preferences of the respondents’ on indicators for building’s energy performance verification

Description Number of respondents
First survey Second survey
Indicator most appropriate to make demands on the energy SHL-5 SHL- 7
performance of buildings in the procurement process SNE -3 Uaverage - 4
HLCoulsids -3
Air tightnessenvelope — 3
Indicator on energy performance which is most independent  Ucomponent — 5 HLC gussige -7
of the occupants' behaviour SHL- 3 Ucomponent — 3
Air tightnessenvelope— 3
Uaverage '2
Indicator on energy performance most independent of the Ucomponent = 8 Uaverage - 9
way the building is operated Air tightnessenvelope — 5 Ucomponent - 4
Usverage - 4 Air tightnesSenyelope — 2
Indicator on energy performance most independent of the Ucomponent - 6 Uaverage =7
building's technical installations Air tightnessenveiope - 3 Ucomponent = 7

U'Valuebmlding average 3

HLCuside «ir -Heat loss coefficient towards the outside air; SNE- specific Net energy; SHL-Specific Heat loss fig by Swedish center for zero-
energy buildings; Air tightnessenyeiope- Envelope air tightness; Uayerage ~Average U-value of the building; Ucomponen-U-values of specific building
components

In both the surveys, the specific heat loss figure defined by the Swedish centre for zero-energy buildings was
preferred by more respondents as an indicator to be used for energy performance of the building in the procurement
process. In the first survey, one person preferred the average U-value of the building (not shown in the table).
However, in the second survey four participants preferred average U-value for energy performance assessment
(suggesting three participants had changed their preference). The results of the second survey suggests that average
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U-value and U-value of specific building components were preferred by most as an energy performance indicator
which is independent of occupants behaviour and the building operation.

In reply to a question on whether the respondents or their organizations faced problems while using specific
energy to verify building energy performance in the procurement process, three personnel from a building company
mentioned that it could be a problem. For example, one respondent stated:

“...in some cases there are strict requirements for specific energy.. will be a major risk as we have no control
over the factors affecting it”

One respondent from the municipality stated that the specific energy indicator could be problematic as different
parameters such as outdoor and indoor temperature and household electricity use could influence this indicator.

In the first survey the professionals suggested several “issues” on the existing energy performance verification
including that on using specific energy as an indicator for assessing the energy performance of buildings. These
were broadly categorized as issues on (i) “uncertainty and responsibility”, (ii) “requirements”, (iii) “follow-up” and
(iv) “other aspects influencing the building energy performance”. In the second survey participants were asked to
rank the issues in each category, where rank 1 is the most important. Table 3 presents the issues which were ranked
as most important by three or more respondents. For example, 4 respondents thought that the most important issue
on uncertainties associated with specific energy indicator is that it is significantly affected by occupants’ behaviour.

Table 3: Important issues on evaluating building energy performance

Issues pertaining to energy performance evaluation of buildings Number of Respondents
I*rank  2"rank 3" rank

Uncertainties and responsibilities

Specific energy is significantly affected by the occupants’ behaviour 4 6 2

In case the energy requirement is not met, fixing the liability/responsibility is ambiguous 3 2 1

Operating times, ventilation, and indoor temperatures as well as envelope air leakage and airing are 3 4 4
factors that have a major impact on the specific energy

Requirements

It is not possible to control all factors that influence building’s energy performance and hence tough 8 4

requirements on specific energy requirements and possible fines would be risky

Due to various factors causing uncertainty a substantial safety margin is required to ensure 4 3 3
compliance with the energy performance requirements

Follow-up

It is problematic to do the follow-up during the initial years when the building is not dried out 5 2 3
properly and control of the installations are not optimized

With improper follow-up, competition in procurement can be distorted when accounting for the 8 2

promised performance and the one stickler for the rules may find it difficult to win projects against
unscrupulous competitors

Other aspects that influence specific energy

Hot water usage increases with more people/m2, despite better installation 4 2

The heating source and heating system efficiency affects the amount of specific energy (heat pumps
and solar panels are favoured)

=)}
w
—

According to majority of the respondents it is not possible for the building companies to “control” all factors that
influence the specific energy indicator. This may lead to uncertainties on the buildings’ compliance with the energy
performance requirements. Hence, a tough requirement on this indicator along with a non-compliance fine would be
a risky proposition for the builders. 8 and 4 respondents rank this as the most important or second most important
issue, respectively (Table 3). Several respondents are of the opinion that to ensure the energy performance
compliance the newly constructed buildings need to have a substantial safety margin on the specific energy
indicator.

A majority of the professionals believed that the lack of follow-up measurements of building energy
performance could favour unscrupulous companies to win projects in tender. This is because some companies to
become competitive may use cheaper and less energy-efficient products in the construction, which will not deliver
the promised energy performance. 8 respondents rank this as the most important issue. Several professionals
consider it to be inappropriate to have the energy performance verification during the initial years of the building’s
occupancy as the building control system may be sub-optimized and the building may not be sufficiently dried out.

A majority of the professionals were of the opinion that the specific energy is significantly affected by the
occupants' energy use behaviour. Several professionals also believed that the heating system and its efficiency
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significantly affect the specific energy indicator. Hence, by choosing an “appropriate” heating system a building
with “less efficient building envelope components” could still be able to meet BBR’s specific energy requirement.

4. Conclusions

A Delphi approach was used to study the perception of building professionals in Northern Sweden on indicators
used to verify requirements on building energy performance. According to the professionals, in the building
procurement process, it is important to assess the buildings’ energy performance independent from the occupants’
energy use behaviour. The professionals prefer to make a distinction between the energy performance of a building
and its energy performance when in use.

The study suggests that the building professionals were not in favour of using the specific energy as an indicator
to set requirements on building energy performance in the procurement process. They believe that the specific
energy indicator could be significantly affected by the occupant’s behaviour. Moreover, it is not possible for the
builder to “control” the occupants’ energy use behaviour. Hence a tough requirement on specific energy indicator
and a possible penalty would be a risky proposition for the builders. A large number of professionals preferred the
average U-value of the building, U-value of building components and specific heat loss figure by the Swedish centre
for zero energy buildings as the suitable indicators for verifying building energy performance in the procurement
process. The professionals interviewed did not prefer measurement based on energy indicators. Nevertheless, they
prefer measurements based on indicators that are independent of occupants’ behaviour such as air tightness. It needs
to be further investigated on how energy indicator(s) which are both measurement based and also “independent” of
occupants’ bahaviour could be used in the mainstream evaluation of building’s energy performance.
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