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1.

Introduction

In reading this paper, there are four critical factors relating to housing that one might keep in mind:





Sweden has developed and sustained over the years an adequate and appreciated housing system.
A substantial rental portion of this system has been and is supplied by municipalities in the form of
Municipal Public Housing (MPH).
This MPH system is presently in a state of transition. On the one hand, it is under a directive to operate in
a “more business-like manner”. On the other, many of the units in this system date to the mid-sixties, so
they are coming under scrutiny as candidates for refurbishment.
Sustainability is prioritized in Sweden and is actively pursuing efforts in the area.

With these ideas in mind, we would like to relate observations from a municipal public housing, refurbishment
project, which may be at a leading edge in the area of sustainable refurbishment.
2.

Background

Up to 40% of the total global energy demand is used in buildings [1]. Sustainable and efficient building methods
are therefore a key to the future of sustainability. Langlet et al. [2] in their coverage of the ClueE-Project have
suggested that Sweden may be regarded as a model country for sustainable development initiatives, especially in the
field of energy. That is, the Swedish national government has been diligent in adopting and supporting the tenets of
sustainability [3] and a number of studies have suggested that sustainability concepts can be implemented in
municipal public housing [2] [4] [5]. It (Sweden) has invested in ecological modernization and has developed
effective approaches in achieving its stated objectives.
Within this effort, and under the auspices of The Delegation for Sustainable Cities [6], a number of
demonstration projects have been selected for financial support. The municipal public housing company, AB
Bostaden in cooperation with Umeå Energi and the municipality conducted one of these projects. This project,
entitled the Sustainable Ålidhem project, was and is, a refurbishment effort of 21 multifamily buildings constructed
during the late 60s and early 70s. The project has previously been reported in e.g. [7] [8] [9]. In aggregate, the
project was composed of three elements or sub-projects.
Initially, there was a systematic study in which the energy use of a sequentially refurbished building was
compared with the energy use of an un-refurbished control. This sub-project was conducted during a heating season
and provided support for the other sub-projects. It was handled in part by the University and its results have been
the topic of another paper [5]. Basically, the evaluation was conducted by comparing the post-retrofit performance
of the “study” building with the performance of a second building kept in its initial state (a comparison possible due
to identical building designs as well as identical heating and ventilation systems before the refurbishment). That
study described some pilot changes and their impact in a field study oriented toward upgrading municipal public
housing (MPH) units. A 43% improvement was observed in energy utilization in the pilot building compared to its
reference companion (99.8 vs 174.5 kWh/m2 per year).
Although systematic, the study was not ideal; under ideal circumstances, a preference would be made to identify
the contribution of each change individually. That did not happen. What happened was that sequential measures
were made, each change resulting in an effect dependent on previous changes [4]. However, with a calibrated
model, we can estimate the individual contributions, one by one; inserting high performance windows
(approximately a 10% reduction in energy loss), interior insulation (~5%), new roof and insulation were added
(~10%), a heat exchanger in the exhaust (~30%), and all other changes (~5%). When all changes were in place the
total saving was 65% [12]. Also, a total of 121 m2 Photovoltaic (PV) panels were installed on the pilot building. The
contribution to decreased energy usage was modest (~2.3%). At the time of the study usage was controlled by
regulation. The output could only be used by the owner; it could not be sold to tenants, which would be an
unpermitted retail sale. Excess generation thus was delivered to the electricity grid. Nevertheless, usage is looked
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upon as the “way to go in the future” and “the thing to do”. Further, an incentive is provided by Swedish regulations
BBR [11] in their usage. In effect, they permit the produced solar energy to be deducted from the energy usage.
Within today’s state of technology, that is considered as a bonus in complying with regulations.
3.

Present Interest

Simultaneously, two other sub-projects were initiated and developed in parallel with each other. One of these
sub-projects was the 21 building refurbishment, which was an on-going affair and lasted approximately four years.
Before refurbishment these buildings had a relative high specific energy demand of 170 kWh/m2 per year (as
defined by SNB [13]). Photovoltaics were also incorporated into this sub-project - a total of 2,410 square meters of
solar cells were mounted on building roofs and balconies with a capacity of 350 megawatt of electricity per year,
which is equivalent to nearly 40 percent of building requirements. In addition, within this Ålidhem project, four
new multi-family buildings were constructed with a specific energy performance goal of 65 kWh/m2/yr1. It is this
sub-project upon which we would like to reflect in this paper. These buildings were constructed to replace a
building lost in a fire. Because of the immediacy of interest in sustainability, their construction incorporated best
practices in insulation and energy efficiency. In going forward from the previous field study our interest was in to
what level the performance goal was met.
4.

Methodology

The energy usage in the buildings was determined from measurements made by the power utility, Umeå Energi
AB, in cooperation with the municipal public housing company AB Bostaden in Umeå, Sweden. They were
provided to the university for usage in analysis. The four studied multifamily buildings were constructed during
2011 in close proximity to each other for the AB Bostaden. The buildings were designed with approximately the
same overall U-value ranging between 0.27 W/m2K to 0.30 W/m2K, according to the simulated data in the design
process. The ventilation systems were equipped with air heat exchangers, (enthalpy wheels with design thermal
efficiencies of 80%-90%). The buildings had high airtightness with an average air-leakage of 0.13 l/s/m2 ext. surface
area, according to fan pressurization tests. The number of floors varied from three to five, thus the size difference
between the buildings is quite significant, noticeable in table 1.
5.

Observations

The following observations were made of the energy utilized in sustaining the four buildings over a one-year period:
Table 1 – Measured and calculated EUIs of the analyzed buildings A-E and building areas
Building Floors NoA MEUI HFA
A
4
9/6/8
83.2 1521
B
5
21/8/10 68.3 2366
C
4
35/17/0 76.8 2776
D
3
13/4/6
87.6 1450

AFA
1037
1587
1792
932

EA
1855
2540
2621
1972

Nomenclature
Floors Number of floors
NoA
Number of apartments with 1 room/ 2 rooms/ 3 rooms
MEUI Measured Energy Use Index in kWh/m2 per year

SF
1.79
1.60
1.46
2.12

SEUI
68.2
67.1
64.6
64.3
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HFA
AFA
EA
SF
SEUI

Heated Floor Area in m2
Apartment Floor Area in m2
Envelope Area in m2
Shape Factor, Envelope Area (EA) divided by Apartment Floor Area (AFA)
Simulated Energy Use Index, Apartment Floor Area (AFA) divided by Heated Floor Area (HFA)

Table 1 suggests for this particular case that smaller buildings require relatively more energy than larger ones
(87.6 v. 76.8 kWh/m2 per year). It was interesting to see which of the three area measures best correlated with the
measured energy use index (see equations 1-3). Using a criterion of highest Adj. R2, the energy usage best
correlated with the envelope area of the buildings (see results of equations 1-3):
Adj. R2
0.359
0.463
0.493

Simple Regression Analysis
MEUI = 98.8 – 0.010 HFA
MEUI = 100.5 – 0.016 AFA
MEUI = 118.3 – 0.018 EA

PI
0.016
0.013
0.028

PX
0.243
0.199
0.187

(1)
(2)
(3)

Although none of the buildings attained the target of 65 kWhr/yr/m2, a form of equation 3 could be used to
estimate the size building that it would take to attain the target specific energy usage. The result of this calculation
was 2961 m2, about 13 percent (13.1) larger envelope area than the largest building among the four. These results
are not regarded as general in any case, but compared for these building at the same site with similar design and
operation.
The above-suggested results are also in line with the interpretation of the shape factor (SF), the ratio between the
envelope area and apartment floor area in square meters (EA/AFA). The energy loss seems higher for smaller
buildings with a high ratio compared to larger buildings with a low ratio (2.12 v. 1.46). This also suggests positive
energy saving effects of larger buildings at least in terms of the ratio between envelope area and apartment floor
area. An additional linear regression is illustrated in fig 1, below. It can be noticed that there is a linear dependency
between the shape factor (SF) and the measure of energy use index (MEUI). This is also in accordance with the
results of Danielski [12] who applied a similar linear regression for a larger set of Swedish multifamily buildings
with an even higher correlation (R2 = 0.92).
2.30
2.12

Shape Factor (SF)

2.10
y = 0,027x ‐ 0,35
R² = 0,41
1.79

1.90
1.70
1.60
1.50

1.46
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Figure 1. Surface factor and energy use of investigated buildings.
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An alternative measure is to look at the simulated energy usage index (SEUI), the ratio between apartment floor area
and heated floor area in square meters (AFA/HFA), the proportion of apartment floor area compared to the total
heated floor area including common areas e.g. hallways, laundry rooms in the basement, and storage areas in the
basement or on the attic. This measure is preferably as high as possible to maximize living areas and minimize
common areas that may be less income paying areas. Among the included buildings, it ranges from 64.6 to 68.2 per
cent, which indicates a fairly high degree of common areas. This is not surprising since there was no initial goal to
maximize this ratio. It was rather a question of prioritizing social aspects including larger common areas for the
tenants. For Swedish new constructed multifamily buildings, a standard ratio is about 85% [14]. This indicates that
the building is similar in that sense, however less efficient built than average.
6.

Discussion

It is prudent to repeat what has been done in this study, lest there be some confusion by readers. The paper
reports on a sub-project within the context of a more complicated overall project. The overall project consisted of
three elements:
1.

2.
3.

A systematic, pilot study of the energy efficiency derived from refurbishment of a building with an
identical un-refurbished, reference twin in which conservation of energy was a primary focus. Within this
sub-project the term “refurbishment” was used. The academic literature appears to use this term.
Regeneration, on the other hand, seems to be favored by the European Network for Housing Research.
Either would seem acceptable, even renovation. Each term refers to processes that upgrade existing
structures.
Following along similar lines, 21 existing buildings were refurbished. This refurbishment was done as part
of the systematic approach the company takes in maintenance of its properties. Again there was an
emphasis on energy conservation.
The third element in the project was the replacement of property destroyed in a massive fire. This
replacement consisted of four buildings constructed, again, with energy conservation in mind. The energy
utilization of these buildings comprise the data base of this paper.

With regard to this third element reported here, it appears to be one of those studies in which there was good
news and some not so good news. The good news is that in every new building constructed, there was a reduction
from the 170 kWhr/yr/m2 that characterized older buildings. The not so good news is that although building B came
close, none of the buildings met the 65 kWhr/yr/m2 target, and there was statistically significant scatter in the
observations. These results bring us to the general question of the rigor in the associated study or any case study for
that matter, e.g., commonly one cannot generalize from case results. One tends to use case information, however, if
the results are trustworthy. Lincoln and Guba [16] posit that trustworthiness (rigor) of a qualitative (case) study
involves establishing:





Credibility - confidence in the “truth” of the findings
Transferability - showing that the findings have applicability in other contexts
Dependability - showing that the findings are consistent and could be repeated
Confirmability - a degree of neutrality or the extent to which the findings of a study are shaped by the
respondents and not researcher bias, motivation, or interest.

The techniques for establishing credibility in a study [17] include prolonged engagement, persistent
observation, peer debriefing and referential adequacy – each of which were followed in this study. Likewise,
dependability likely is also high; if one were to go back and repeat the baseline study again, it is likely that the same
results would be attained. Confirmability posed no problem. In effect, the housing company had the buildings
constructed to standards and the utility company provided instrumentation to provide data. The research role was to
record and analyze that information – in this instance, a rather logical and straightforward process. On the other
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hand, transferability arises as a problem in this project. The results of the follow-on study on the four newly
constructed buildings were scattered to say the least. This observation suggests that there is more to building design
than specification of materials and applications. That is, it appears evident from the observations for one thing that
larger buildings, within the range and conditions studied, utilize less specific energy. As frequently comes from
case studies, an important variable has been discovered. Our simplistic approach suggested that if, only if, the
largest building had been 13 percent larger envelop area, we might have gotten there.
We are encouraged by other aspects of the study. As individuals who have worked with cross-sectional
information before in other applications, those are not really bad R2 obtained in this study. With a sample size of
four, getting an adjusted R2 in the neighborhood of 0.5 would normally be cause for celebration. In this case, it
clearly suggests that, within internally consistent construction practices, building size is the parameter of primary
concern. Put another way, the spread seen in the data is not a random factor, but systemically related to building
size. Here, the parameter that best explained variations in observations was envelope area – both with regard to
adjusted R2 and statistical significance of the building size coefficient.
Finally, in papers of this sort it is common to reflect on the need for further studies, which is done here. There is
still work to be done in this area. Improvements and combinations in insulation are always of interest and
cooperation with architects and designers remain a priority. Building shapes undoubtedly will make a difference in
energy utilization, and in the long-term, we expect to enter into research on tenant utilization of energy.
7.

Conclusions

This paper focuses on the performance of four buildings constructed by a northern Swedish municipal housing
company (MHC) under a Delegation for Sustainable Cities program that specified a measured energy use index
(MEUI) of 65 kWh/m2. The quest for that goal in a commercial building remains elusive. That achievement was
not attained in this study, but results are promising. That is, buildings under management of the MHC tended to have
a relative high specific energy demand of 170 kWh/m2 per year (for the investigated pilot building before
refurbishment). Free-standing buildings constructed under this program had MEUIs of 68.3, 76.8, 87.2 and 87.6
kWh/m2 per year respectively, which have been described and discussed herein. That is, interpretation of the shape
factor (SF), the ratio between the envelope area and apartment floor area in square meters (EA/AFA). The energy
loss seems higher for smaller buildings with a high ratio compared to larger buildings with a low ratio (2.12 v. 1.46).
This also suggests positive energy saving effects of building larger buildings at least in terms of the ratio between
envelope area and apartment floor area. Large changes in the approach to design and construction seem
unnecessary. Rather, a move to slightly larger buildings compared to the buildings studied here, with a more
favorable shape factor while keeping an eye on the ratio between the apartment floor area to heated floor area should
increase building efficiency. It is suggested that about a comparable building about 13 percent larger envelope area
than the largest among the four buildings would make an interesting study.
Endnotes
1

The goal of 65 kWh/m2 is based on a standard “Kravspecifikation för nollenergihus, passivhus och minienergihus,
Bostäder” which roughly translates into “The requirement for zero-energy houses, passive houses and minimumenergy houses” stated in “FEBY 12, Sveriges Centrum för Nollenergihus, Jan 2012”. [15] It represents one-half the
130 kWh/m2 industry standard at the time.
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