
THE GULDHEDEN PROJECT: A FULL-SCALE 

STUDY OF ENERGY-CONSERVATION 

MEASURES IN NINE BLOCKS OF FLATS 
A. Nilson M. Fischer M. Nordberg A. Walter 

ABSTRACT 

Various. energy conservation measures (ECM) have been implemented in the form of different com
binations in nine equal existing blocks of flats in Gothenburg, Sweden. The implemented measu
res are bas ic measures on the ins ta 11 a tion, add i tiona 1 thermal insul a tion of ex ternal wall s, 
conversio.n or windows to triple glazing, and exhaust air heat pumps. 

The different combinations of ECM have been evaluated by carrying out a lot of measur
ments of temperatures, energy consumption, etc., using newly developed microcomputer techni
ques. 

Calculations of the energy consumption after implementing ECM have been carried out and 
compared to measured da ta. Good agreemen t has been ach ieved be tween cal cul a tions and measur
ments if one also takes into account moisture in the external walls, "extra" shading effects 
of the windQws, .etc. 

The saving effects of implemented ECM vary between 15% and about 50% of the total energy 
con sump tion before re trof i ts, ma inly depend ing on the impl emen ted comb ina tions and the occu
pan t behavior in each house. 

INTRODUCTION 

The Guldheqen Project (BFR f98~; Nilson 1984,1985; Nilson et al. 1984) is one of six similar 
projects injtiated by the Swedish Council forBuilding Research (BFR). The objective is to im
plement various energy conservation measures (ECM) in existing r.esidential buildings and, by 
advanced measuring, evaluate saving effects and profitabil i1;y for different combinations of 
these measures. Another important objective is to study the planning, design, and implementa
t.ionprocess .and prQspective .obstacles to this kind of measures. Prel iminary resul ts from the
se projects have recently been used in the so called Energy 85 .. revision of the Swedish n.atio
nal program for energy conservation and energy policy (BFR 1985). 

This paper presents the project and some of the re.sul ts. 

A. Nilson, M. Sc, M. Fischer, M. Sc, M. Nordberg, M. Sc, A. Walter, M. Sc, Bengt Dahlgren AB, 
Gothenburg, Sweden. 
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BUILDING DESCRIPTION 

The houses are situated in Gothenburg with an annual average temperature of about +7.00c. The 
hard climate on the Swedish west coast with driving rain and hard wind had caused severe dama
ge to the plaster so the external walls had to be repaired. This fact is of great importance 
to have in mind when evaluating the profitabil it;y of the extensive measures in this project. 

A short description of the buildings is given in Figure 1. 

IMPLEMENTED MEASURES 

In order to equal ize the houses as much as possible before carrying out extensive measures, a 
number of basic ECM were implemented in all houses. These basic measures comprised adjustment 
of the heating and ventilating systems, flow rate regulators for cold and hot tap water, wind
proofing of windows, and additional thermal insulation of the attic. These kinds of measures 
are commonly used in Sweden for this t;ype of building at the beginning of the energy saving 
process. 

In two of the houses, no additional measures were carried out. These houses are used as 
"reference objects" to the other seven" test objects" where different combinations of other 
measures were implemented (Figure 2). 

Additional insulation of external walls with 0.12 m mineral wool and a new surface of 
sheet metal cassettes reduces the U-value to 0.30 W/m2. K. The other houses will be insulated 
later on with the same technique. 

Conversion of windows by adding an extra pane on the inside of the casement reduces the 
U-value to 2.10 W/m2·K. New triple glazing in stair enclosures is mainly a consequence of the 
retrofit of external walls. 

The heat pumps are used for both hot tap water heating and space heating, thus providing 
a high degree of utilization and a high seasonal performance factor (SPF). Two different ope
ra ting s tra teg ies can be used where pr iori t;y is given either to tap wa ter hea ting or to space 
heating (Figure 3). 

MEASUREMENTS 

Ex tens ive measurmen ts of parameters affec ting the energy bal ance of the bu il dings have been 
carried out. For example, energy consumption for space and hot tap water heating, water con
sumption, and energy consumption for laundry driers are measured once a week in each house. 
Electric consumption for the occupants is measured once a year. Temperatures (instantaneous 
and mean values) in apartments, stair enclosure, exhaust air, outside, in and on external 
walls are measured continously using microcomputers. 

Additional measurments are also carried out for the heat pumps in order to evaluate the 
coefficient of performance (COP) and the SPF. 

Two methods are used to evaluate the saving effects, the before-after method and as a 
complement the test-reference method (Fracastoro and Lyberg 1983) according to Figure 2. 

Annual energy consumption for space heating has been calculated using the so-called ener
gy signature (Fracastoro and Lyberg 1983; Norlen et al. 1981). Different models for the energy 
signature have been used in the project in order to predict the energy consumption for each 
house before and after retrofits. Both simple 1 inear two-parameter models (function of only 
outdoor temperature or the difference between indoor and outdoor temperature) and more complex 
models that also take solar radiation into account have been used. Because of measuring the 
energy demand for hot tap water heating and laundry driers separately, the energy signatures 
u sed express energy consump tion for space hea ting at d ifferen t tempera tures or differences 
between tempera tures. To ge t the total energy consump tion for each house, the energy demands 
mentioned above have been added separately. 
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All models used have given good agreements between predicted and measured energy-consump
tion data for the whole heating season. The 1 inear curve fitting to measured data has given 
coefficients of determination (R2) greater than 0.95. 

When us ing the energy signa ture to pred ic t the energy con sump tion for a house before and 
after retrofits, it seems that the most simple two-parameter model (function of outdoor tempe
rature) would be enough in many cases. However, a two-parameter model with function of the 
temperature difference between indoor and outdoor air will give us more information of a spe
c ific EeM and the separate saving effect for this measure. 

When carrying out the final evaluation of different combinations of EeM, we used this mo
del as our basic one (Figure 4). 

Mainly because of small amounts of solar radiation in Gothenburg during the last heating 
season, our most complex model has not given better predictions than the two other models used 
study ing the en tire hea ting season. 

ENERGY SAVINGS 

The ou tcome of the bas ic measures, imp 1 emen ted in identical houses, var ies due to differences 
in indoor tempera ture and a ir change ra te before retrof i ts. Occupant behav ior, such as wa ter 
consumption and airing, also affects the resul ts. On average the basic measures reduced the 
energy consumption from approximately 270 kWh/m2.yr to approximately 230 kWh/m2.yr (15%). 

In house 9, where all measures have been combined in a so-called "total retrofit," the 
energy consumption was reduced from approximately 270 kWh/m2.yr to approximately 135 kWh/m2.yr 
(50%) (including additional electric energy for the heat pump). Figure 5 shows the total ener
gy consumption before and after retrofits according to Figure 2. 

The resul ts presented in Figure 5 are from the 1983/84 heating season. During the last 
heating season (1984/85), the windows in house 1 and 2 were converted to triple glazing as 
shown in Figure 2. The energy consumption for these houses has therefore decreased a 1 ittle 
bit. For house 9 ("total retrofit") the energy consumption increased instead, mainly because 
of some problems with the circulation pumps for the heat pump and less intensi1;y in monitoring 
these sys tems than before. 

Figure 5 presents the total energy consumption for each house, and it is very important 
to cons ider th is when comparTrlg the results, ma inly because the occupant behavior varies be
twe e n the houses. 

HOT TAP WATER SAVINGS AND ENERGY DEMANDS FOR LAUNDRY DRIERS 

The energy demand for hot tap water heating before and after basic measures is shown in Figure 
6. If you look at the middle age of the occupants in each house and try to find some correla
tion between the middle age and the energy consumption, you will not find any strong one. The 
only thing you can find is that the maximun for this energy demand has occured in house 8, 
where the middle age is lowest and where most people are 1 iving. 

As an average for all houses, the energy consumption for hot tap water heating decreased 
about 3% after the implementation of basic measures during 1982. This decrease is lower than 
expected (15%). However, the decrease in house 5 is 12% and therefore almost reaches the ex
pected level. For house 8 we have an increase of 8% instead. These large variations between 
the houses impl ies that occupant behavior affects the water consumption more than technical 
measures. 

No EeM have been implemented for the 1 aundry driers yet. However, Figure 7 shows other 
interesting resul ts deal ing with occupant behavior if studying the energy consumption for 
these in different houses. 

These two houses represent the "high consumer" and the "low consumer" and the ratio bet
ween these two extremes is about 1.5:1. These results lead us to conclude that it is very im
portant to measure such energy demands separately to get a better evaluation of EeM. 
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HEAT PUMPS 

The chosen solution provides very long operational time, 95-100% of total time during the hea
t ing season. For the 1 as thea ting season (1984/85) the tota 1 opera tiona 1 time for the hea t 
pumps varied between 6320 h lhouse 9) and 6900 h (house 4). The net energy saving effect has 
become approximately 35 kWh/nf.yr as an average. The COP was measured to approximately 3.2, 
considering only the heat pump, and approximately 2.5, considering the auxill iary pumps, etc. 

If you study the outcome for the 1983/84 heating season the results were a 1 itt1e bit 
better (operational time, net energy savings, etc.). The main reason for this were some pro
blems with the circulation pumps in house 9 and the fact that during the last heating season 
we have begun to "leave" the area and the control more and more. 

The difference of operational time between the two heat pumps is, however, not only de
penden t on the problems men tioned above. Theore tica lly, the opera tiona 1 time for the hea t pump 
in house 9 ("total retrofit") will be less than for the heat pump in house 4 because of more 
E C M imp 1 emen ted in the former one. 

Since there is still an overcapacit' in the summer, there are discussions on also supply
ing other houses with hot tap water, heated by the installed heat pumps. However this can lead 
to some confl icts with the district heating company. 

COMPARISON BETWEEN MEASURED AND CALCULATED ENERGY CONSUMPTION AFTER IMPLEMENTATION OF ECM 

Calculations of the energy consumption after implementing ECM have been carried out for the 
different houses and the calculations have been compared to measured data. 

The calculations were done with the computer model MSA (Nilson 1985), which in some parts 
is based upon the BKL-me thod (Adamson and Kiill b 1 ad 1984) tha t uses mon th1y energy ba1 ances as 
a base. The model takes into account the influence of heat gains from occupants, household, 
solar radiation, etc., as well as the type of glazing and number of panes, orientation, slope, 
shading from other buildings, and the surroundings. However the model disregards energy stor
age in wall s, etc. 

Some of the resu1 ts are presented in Figure 8. From this figure, it appears that the dif
ference between calculated and measured energy consumption is smaller than 10% for most of the 
houses, except for houses 1, 5, and 9, where the most extensive measures have been implemen
ted. 

To study why the difference seems to be grea ter in these houses than in the 0 thers we 
have tr ied to discern all fac tors tha t can con tr ibu te to an exp 1 ana tion. We have come to the 
conclusion that four factors mainly contribute to this. These factors are: 

1. The external walls contain a lot of moisture because of the damage mentioned earl ier 
and they have not dried out yet. The energy for the drying process is taken from the 
inside, and, because of the wall construction (concrete, 1 ightweight concrete), this 
process will take a long time. Calculations of this extra energy demand have been car
ried out, showing it will reach an amount of about 10 MWh for the first year for a 
house like this. 

2. When you implement thermal insulation of the external walls and do not move the win
dows to the facade, you get extra shading of the windows. Calculations have showed 
that this shading effect actuates the total energy consumption with about 10 MWh/yr 
for these specific houses. Our basic calculations did not take this kind of shading 
effect into account. 

3. Theoretically the heating season will be shortened when implementing ECM. In real ity 
in Sweden you do not always take this into account. For a house in this project, where 
we know from experience and measurements that the house has been heated longer than 
the calculations, this extra energy demand will be about 5 MWh/yr. 
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4. When changing the surface of the facade from plaster to sheet metal, the absorption of 
solar radiation is reduced. This will increase the energy demand for space heating. To 
evaluate this amount, calculations have been done with a complex computer model. This 
extra energy demand is about 5-10 MWh/yr. Our bas ic model did not take th is into acco
unt. 

Summing up these extra energy demands, the calculated energy consumption will be about 
30-35 MWh/yr greater than before. This means that the difference in real ity will be less than 
15% for these houses, and, therefore, the conclusion is that the difference between calcula
tions and measurements is less than 15% for all houses, which is good agreement. 

ECONOMIC PROFITABILITY 

As mentioned earl ier, another objective was to evaluate the profitabil ity of the ECM. The to
tal investment costs for the measures in the project have reached about 15 mill ion SEK exclu
ding taxes. The gran ts and loans have reached abou t 7 m ill ion SEK of these. The res t has been 
p aid by the houseowner. 

The profitabil i1;Y has been evaluated by carrying out calculations of the cash flow in 
present values for the combinations of ECM implemented in different houses and tak ing into 
accoun t d ifferen t gran ts and loans tha thou seowners in Sweden ge t from the governmen t when 
saving energy. 

As an example, the calculations for house 9 (" total retrofit") showed that the comb ina
t ion of ECM was prof itab 1 e when tak ing the damage of ex terna 1 walls in to accoun t. 0 therwise 
th is combination would not have been profitable. 

CONCLUSION 

The Guldheden Project shows that large energy savings can be achieved in existing residential 
buildings when extensive ECI~ are combined. If these kinds of measures are coordinated with re
pair work and reconditioning, they can be carried out economically. This conclusion is also 
the point for the running energy conservation program in Sweden. 

Good agreement can be achieved between calculated and measured energy consumption data if 
you use a good model and input data of good qual i1;Y and also take practice and special energy 
demands in to accoun t. The projec tal so po in ts to the fac t tha t all bu il dings are un ique, wh ich 
is espec ially impor tan t to remember when ECM are planned. 
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MEASURES 
HOUSE NR 

BASIC MEASURES 

EXHAUST AIR HEAT PUMP 

ADDITIONAL INSULATION 
OF WALLS 

General a NinE' houses built 1952 -1953. 
o Eight to ten storeys. 
a 332 apartments. 

External 
walls 

o Concrete, lightweight concrete as 'Insulation 

Attic floor 

Windows 

surface of plaster. 
a U-value 0,92 Wlm 2,K 

o Concrete,mineral wool. 
aU-value 0,71 W/m2,K 

aTwo pane,linked casement. 

Heating a District heating system,separate apparatus 
rooms in each house. 

Ven tilation a Meehan ical E'xhaust air. 
aAir change rate approx.0,8 h -1. 

Temperatures a Apartments 21,3 °C (average I. 

Figure 1. Building description before 
implementation of EeM 
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NEW TRIPLE GLAZING u. u. 
X X UJ X X X UJ X IN STAIR ENCLOSURE a:: a:: 

MEASUREMENTS Summer 1985 
Measures marked ® have been carried out in summer 1984 

TIME 

Figure 2. Implemented HCM and time schedule 
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Figu~e 3. Principle outline of exhaust 
air heat pump system 
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Figure 5. Measured energy consumption 
for each house befo~e and afte~ 
implementation of EeM 
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Figure 7. Ene~gy consumption fo~ laundry 
d~iers in two houses during 
same period of time in 1985 
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Figu~e 6. Energy consumption fo~ hot 
tap wate~ heating 
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Figure 8. Comparison of calculated and 
measured energy consumption for 
space heating after implementing 
ECM 


