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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

65% of the buildings in Västerås, situated in the region of Mälardalen, Sweden were built before 1970. It is thus time for 
renovation. The situation is the same in most cities in Sweden and Northern Europe. The depth of renovation can be quite 
different. In this paper we evaluate some examples where cost is compared to energy saving effect. How to plan renovation to 
make use of the available capital in the cities is discussed. As a complement to direct renovation actions also behavior change
with respect to energy is discussed and exemplified. The cost for energy actions in relation to other renovation aspects is 
discussed especially for the passive house case in Allingsås, Sweden. The passive house center calculate an extra cost for passive 
house standard to be 10 000 €/apartment while an external consultant has the figure 40 000 € of the total cost of 120 000 €. With 
this space heating can be 18 kWh/m2.year, or a reduction by 84 % with respect to space heating and 62% for overall heat and hot 
water demand.  If you use the latter cost figure passive house standard is not motivated from an energy savings perspective while 
if using the lower figure it is very interesting. For the other less deep renovations we see that adding more insulation and three
glass windows is motivated if the degradation has been strong, while a simpler renovation may be ok if the outer surface coating
is not too bad. For these less deep renovations we see cost figures of 65 €/m2 respectively 28 €/m2 with reduction of heating and 
hot water demand of 56 % respectively 34 %. 
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1. Introduction

Different renovation actions have been evaluated with respect to energy savings. The renovation of a number of multi-family 
houses in Allingsås to passive house standard was evaluated and described in [1] where also a number of other renovation projects
are evaluated with respect to costs and profitability. From the passive house center in Allingsås, complementary information has
been given about the same project in interviews [2]. The energy related costs is reported in [1] to be approximately 40 000 € for a 
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75 m2 apartment, while the extra specific costs for going from normal renovation to passive house standard is reported to be 
approximately 10 000 € per apartment according to Hans Eek at passive house center in Allingsås [2].  

This can be compared to the total renovation cost of 120 000 € per apartment including other features not related to energy. 
Chigbu [3] describes renovation of villages in Germany as an instrument for renewal generally. Dale [4] has been describing how
renovation was performed in Singapore with it hot climate. Cohen [5] has discussed how to motivate renovations for the board and
financers, while Wallender [6] is discussing costs for different renovation actions generally. Behavior change can reduce energy
use as well. It sometimes is difficult to know if energy reduction is due to concrete renovation actions or due to changed behavior 
as renovation gives the tenants awareness of energy aspects, if the real-estate owner performs energy information activities [7-9]. 
This is especially related to hot water use and household electricity. 

The energy for space heating has dropped for each kWh/m2 living area during the last 50-60 years but much less than could be 
expected if we look at the much better technology used [10]. It can be interesting to look at some concrete examples of renovation 
made during the last few years and investigate what effect those have given. 

Table 1. Amount of buildings built in Sweden during different times and average kWh/m2 building area [10]. The % of buildings was made until 
2003.  

Building year % of buildings kWh/m2

2011-2013 Not available 90 

1991-2003 7% 120 

1981-1990 10% 130 

1971-1980 17% 135 

1951-1970 34% 140 

1921-1950 20% 150 

-1920 12% 160 

During the last decades about 2500-3000 units are being retrofitted annually in Sweden. Today 29% of single-family houses 
have direct electricity for space heating and hot water while 92% of multi-family houses have district heating. In 2010 52% of all 
single-family houses was using heat pump technology, or nearly 1 million heat pumps. 

40% of all energy used in Sweden 2013 was for residential and service sector, and almost 41% of this energy was in single 
family houses, 31 % for multi-family houses respectively. The remaining 28% of energy is then used in commercial buildings [10].
The energy distribution on different means is not well known, but rough numbers from EU-countries are given by [12]. According 
to this report the use of energy in households in Sweden is approximately 58% for space heating, 22% for hot water production, 
3% for cooking and remaining 17 % for appliances. Roughly 60% of energy in household are used for heating in EU.  

2. Consumption statistics and energy renovation experiences – examples from different cities in Sweden 

2.1 Västerås, Sweden
The Västerås is a city with 145 218 inhabitants. According to Statistics Sweden [11] the built area including gardens is 8.2 % 

or 7843 ha. 43% of the buildings are detached, single family houses and 48.8% constitutes of apartments in multi-family houses.
The remaining buildings, 8.2 %, is industrial and commercial buildings. Most cities in Sweden have similar conditions as Vasteras 
with respect to when houses were built and standard of the buildings and thus Vasteras can represent also many other cities from a 
renovation demand perspective. If we look at the whole Sweden there are 4.7 million apartments, from which 2 million detached 
houses single family) and 2.35 million apartments in multi-family buildings. The average size of a multi-family apartment is 68 m2

while the average single family house is 122 m2 [11]. The size of the households inVästerås is as follows: 17.4 % with 1 person, 
27.7 % with 2 persons, 16.7 with 3, 21.3 % with 4 and 15.2 % with 5 or more persons. The total amount of households in Västerås
is about 65 000 units and the square meters for each buildings type is estimated to following: Single family houses: ��� �
��	���	����� � ����� � �	���	�����		(Ekv 1); Multi-family houses: ���	 � ��	���	�����	 � ���� 	� �	���	�����  (Ekv 
2). Potential reduction by some 60%*(1-(50/200) kWh/m2)= 45 % of the total household energy if we extrapolate from the 
discussion from Sweden above. This would mean some 3310 x 0.45 = 1490 TWh/y potential saving for heating. Aside of heating 
also hot water is a significant cost in apartments. In figure 1 (left) we see how it varies between different apartments in two buildings 
in Vasteras. The difference between the highest and lowest consumer is 10 times! The energy use is also about the same for the 
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tenants between years 2005 and 2006, except for apartment no 16, where both hot water and electricity has dropped dramatically.
The reasons is due to changed behavior of the tenants, but not known in detail.  

Another study was made on electrically heated and non-electric heated detached houses in the Västerås area as well. These are 
mainly situated in the country-side of the municipality and do not have access to district heating. The total amount of consumed
electricity were compared in the houses per square meter living area and related to the various number of persons per household
(pph), and with different heating systems. The consumption data are seen in figure 1 (right). It is possible to see that the total 
consumption of electricity for direct electric heating and other use is around 160 kWh/m2 with a small increase when +3 pph are 
compared to 1 pph. For those who had installed heat pumps we would expect significantly lower use of electricity, but the reduction 
is minor, and the total consumption around 120-130 kWhel/m2 living area, but varying quite a lot. This indicates that a lot of heat 
is released also from other appliances making the effect of the heat pump less than expected. In the next group the households have
a combination of electric and other type of heating device like wood-stove or oil. The total electricity demand then decrease to
around 110 – 120 kWh/m2. When the heating system is totally without direct electricity the electricity consumption drops 
significantly, as it only relates to appliances, but not space heating or hot water production, as these are produced by wood stove,
oil fired boiler or similar.  

From these figures we can see that the individual use of electricity varies a lot. This complicates predictions of consumption on 
an individual level, but average values still are possible to use for system analysis. 

Figure 1. (Left) Hot water consumption in 24 apartments in Vasteras. (Right) Total electricity consumption (kWh/m2) for various household size.  

2.2 Eskilstuna, Sweden 

Lagersberg, Eskilstuna 
Before the renovation in the multi-family area Lagersberg, in city of Eskilstuna, the following calculations were made for the 

energy use before the actions were made. This is called Base case and was 155 kWh/m2 at A temp,y. Estimates of what effect 
different renovation actions should give on energy use was then made:  Improved temperature control 2 kWh/m2, 500 mm extra 
insulation in attic 4 kWh/m2, New base channels for the ventilation 5 kWh/m2, Exchange window in kitchen to three glasses 8 
kWh/m2, Solar power at the roof (151 m2) reduced purchased heat 6 kWh/m2, Energy glass in 60% of the windows 10 kWh/m2,
Individual hot water measurement 12 kWh/m2 (also charged hot water individually compared to included in the rent earlier), 
Insulation of outer walls with 50 mm + plaster 18 kWh/m2, FTX ventilation 19 kWh/m2. The total reduction from all these measures 
should be 83 kWh/m2 and the energy use after the renovation should be 72 kWh/m2 compared to the 155 kWh/m2 before. Some of 
these actions are very concrete technical investments while others are more behavioral related. Improved temperature control is a 
mixture between technical and behavioral aspects, while individual hot water consumption is almost purely behavioral. Solar power 
at the roof does not really improve the actual energy use, but adds additional “internal heat”, which then according to Swedish
regulations right now gives benefits to the overall balance. When we measure the effect of the different actions we only get an
overall reduction figure where technical and behavioral measures are mixed. The quality of the work made by the renovation 
company then is difficult to measure exactly as more behavior related aspects may impact significantly. This is seen especially in 
the figures from Råbergstorp, where we can see big differences between different buildings where principally the same actions 
have been taken. Comparing UC 229 to UC 232 shows a big difference in space heating reduction while the hot water reduction is 
the opposite. The total reduction though is similar. As hot water and heat supply by district heating was measured as the total
before, the figures built on assumptions of distribution between space heating and hot water consumption was probably not correct.
By measuring many buildings the overall figures becomes better, but individual variations still exist and influence sometimes quite
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