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Introduction

The existing building stock in most of the European countries is relatively old and on average 70% 
of buildings are build before year 1980. The situation in Eastern Europe is even more dramatic and is 
improving very slowly. Overall the total energy consumption due to building sector is about 40% of all the 
energy while up to 75% of heating energy is consumed by residential buildings. 

The major part of the energy is lost in heating the old non-renovated buildings, which consume up to 
4 times as much energy as new buildings. This provides an opportunity for large energy savings and has 
caused rising interest in building retrofitting. However the retrofitting process must be done correctly 
and understanding that these buildings after retrofitting must serve for next 30 years. As the existing 
examples show a particular attention must be paid to proper installation of ventilation systems, the 
correct choice of insulation material and its thickness, as well as proper balancing of heating systems.

This handbook will serve as a general guide and inspiration for designers, architects and city planners 
in choosing the most appropriate retrofitting solution. The handbook consists of four main chapters 
and ten annexes. The first chapter explains  the terminology used in the handbook. The second chapter 
introduces the existing building stock situation, climatic conditions and give a general overview of energy 
supply systems for each of the participating countries. Chapter number three presents the results and 
describes the retrofitting processes of case studies as well as  familiarizes with applied renewable energy 
sources. The last chapter gives examples and compares some of the most commonly used simulation 
programs and calculation tools for building energy performance evaluation in the participating countries.

Each participating country in the handbook presents case studies of separate building or building 
group retrofitting examples. The chosen cases of Latvia include two kindergartens and one multi-story 
residential building. Estonia showcases one multi-story residential building in Mustamäe district, one 
elementary school and one high school. Meanwhile Finland and Sweden present several examples of 
large-scale renovation of residential areas. Cases of Finland are located in the Helsinki region: one rental 
housing estate, a residential suburb in the city of Riihimäki, and a mixed residential area in northern 
Helsinki. The Swedish cases describe the retrofitting process of three energy efficiency projects of multi-
dwelling buildings located in Stockholm, Malmö and Umeå. The first case presents a retrofitting project 
conducted in 2011 as part of Sustainable Järva, the other two examples include renovation of the 
residential area Ålidhem in Umeå and Rosengård in Malmö.

1. Terminology
additional energy
Electrical energy that is used in heating, hot water supply, air conditioning and lighting systems to 

produce and transform supplied energy into useful energy, for example, for ventilators, pumps, electronics. 
Energy that is produced is not additional energy.

almost  zero energy building
A building with very high energy efficiency. Almost zero or very small amount of necessary energy 

should be to big extent covered from renewable energy sources, including energy produced on the site 
or nearby from renewable sources.

building calculation model
A mathematical building model used for energy consumption calculations.

building’s energy certificate
A document, where energy consumption for hot water preparation, ventilation, lighting, heating, 

cooling, as well as energy efficiency is indicated.

building’s energy certification
The process where building’s energy efficiency is established and energy certificate issued.

building’s energy consumption
An amount of energy that describes energy consumption necessary for heating, ventilation, cooling, 

lighting and hot water supply of exact building.

building’s energy efficiency
Comparison of buildings’ energy consumption with a similar type of building in the area with similar 

climatic conditions.

carbon dioxide (CO2) emission factor
An amount of carbon dioxide (CO2) that is discharged into atmosphere by each supplied energy 

unit. Carbon dioxide (CO2) emission factor includes all carbon dioxide (CO2) emissions that are related to 
primary energy consumed by the building.

conditioned room
A part of a building where all year round a desired temperature and relative humidity is maintained.

district heating networks
Heating networks that connect the heating source to heating points of users’ buildings.

energy audit
An inspection of a building and data analysis procedure that is performed to establish energy flow in 

the building and to evaluate energy saving possibilities.

energy necessary for heating
Calculated energy that should be supplied to heating system to maintain desirable temperature in a 

defined period of time, not considering technical systems of the building.

heat pump
A facility that relocates heat from colder place to warmer. This process consumes energy as the heat 

arbitrarily flows in the opposite direction. Depending on heat source there are ground, air or water heat pumps.
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heat pump energy efficiency index (COP)
The relation between the  discharged heat or cold energy and consumed electrical energy.

heat source net efficiency factor
The  relation between the amount of heating energy supplied into internal heating network by source 

of heating in defined time period and the consumed energy amount during that  time period defined 
after at lowest heating capacity.

heated space
The space where the defined temperature is maintained by a heating system.

heating area
An area of heated space.

heating boiler
A facility that produces energy by burning fuel and forwards it to heat carrier that provides heat energy 

to the building.

heating degree days
The difference in degrees between the room air temperature and the average daily outside air 

temperature summed for all heating season days.

heating network net efficiency factor
The relation between the supplied heating energy amount to centralized heating system users in 

defined time interval and the received heating energy during the same time period from the heat source.

heating season
A period of year in days when a heating system operates.

highest heating capacity
An amount of heat that is produced by fuel amount unit when it is completely burned.

internal heat energy gains
The heating energy, that is produced by building’s residents (metabolic heat) and facilities, for example 

lighting, household devices and office equipment.

low energy consumption building
A building which necessary energy consumption for heating is below some defined value.

net heat energy
An amount of heat energy that source of heating releases at its exit.

new building
A newly, constructed by a building design building. 

nominal heating capacity
A maximum heat capacity that is defined by boilers’ manufacturer or cogeneration facility’s 

manufacturer and that respective equipment can provide in long term operation mode using main fuel, 
and with net efficiency factor defined by the manufacturer.

passive building
A building with low energy consumption where for the most part of year heating system for room 

temperature provision is not necessary. Necessary heat is provided using existing internal heat sources 
and sun energy.

primary energy
The energy from renewable and non-renewable energy sources that is not recycled or transformed.

renewable energy sources integrated in the building
Renewable energy sources that are only related to the engineering systems of the exact building.

self renewable energy sources
The resources that are supplemented in natural processes but their supplement is limited. Renewable 

energy resources include wind, sun, aero-thermal, geo-thermal, hydro-thermal, sea energy and hydro-
energy.

solar energy
The energy obtained from the sun and transformed into usable energy using photovoltaic elements 

to produce electricity.

solar gains 
Heating energy provided by solar radiation entering the building through the windows directly 

or indirectly (after absorbing in building elements), through opaque walls and roofs or passive sun 
utilization for structures (for example, conservatory, transparent isolation). Active sun utilization facilities 
(for example, sun collectors) are part of building’s technical system.

solar heating
The heating energy obtained from the sun using sun collectors.

source of energy
The source that creates some type of energy.

system boundary
The boundary that includes all spaces (inside the building and outside) related to building where 

energy is consumed or produced.

system heating energy losses
The heating energy losses caused by building’s technical system that is not participating in system’s 

effective output. System losses can become building’s internal heating energy gains if they are recoverable. 
Heating energy that is recovered in the system is not heating energy loss, but heating energy gain.

wind energy
The energy obtained from wind and transformed into usable energy, for example using wind 

generators to produce electricity or using windmill to produce mechanical energy.

zero energy building
A building with Zero Net energy consumption and zero carbon emission in year’s period. Zero energy 

buildings can be operated autonomously from energy supply network, if energy is obtained in sufficient 
amount on the spot.
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2. Participating Countries

2.1 Latvia
Description of Residential Building Stock
Residential buildings in Latvia are one of the essential heat consumers during the heating season. In 

2008 the residential sector in Latvia has consumed 74% of all amount of produced heating energy. 
The majority of residential buildings were constructed within the period from 1965 to 1990. At this 

time mainly typical buildings were constructed. Types of buildings 103, 316 and 467 series were among 
the most widespread. According to regulations existing in USSR, a standard thermal resistance of building 
envelopes was calculated with the account to climate conditions and building envelope thermal inertia. 
In climate conditions of Latvia the standard thermal conductivity for exterior brick walls was in average 
1.33 W/m2K and for exterior expanded-clay concrete walls – 1.20 W/m2K, which is at least 3.5 times higher 
than the values specified in the current Latvian Building Code LBN 002-01 “Thermal performance of 
building envelope” [4] which is valid in Latvia. It should be noted also that in the process of installation 
of building envelopes a correct sequence of operations was not often observed and technology was not 
duly supervised. Taken as a whole, all these factors, especially when considering current high energy 
costs, result in high costs of upkeep of buildings. 

The residential building stock in Latvia continues to grow each year and in 2009 it comprised 
61.1 mil m2, out of which 65% represented the cities share and 35% - countryside. The largest part of 
residential buildings (89%) is privately owned, 11% belong to the state and self-governments and 2% 
belong to apartment cooperatives. The residential building stock of Latvia is represented mainly by one- 
and two-room apartments [10].

The average annual specific heat consumption for space heating of Latvian dwelling buildings is 
104.39 kWh/m2 and for hot water supply – 73.30 kWh/m2 [1]. 

The main source of heating in Latvia is provided by district heat supply systems. Totally about 65% of 
the housing stock is connected to district heating.

Climate Characteristic
In general Latvian climate can be described by moderate temperatures with all year round high 

relative humidity. The whole territory of Latvia is located in the cold climatic zone and in this respect 
energy efficiency measures are extremely important as it is possible to save the significant amounts of 
energy. Table 2.1 shows the monthly average Latvian climatic conditions according to Latvian Building 
Code LBN 003 “Building Climatology” [3]. 

Table 2.1: The monthly average Riga climatic conditions according to LBN 003

  I   II   III   IV   V   VI   VII   VIII   IX   X   XI   XII

Average 
temperature (oC)

-4.7 -4.3 -0.6 +5.1 +11.4 +15.4 +16.9 +16.2 +11.9 +7.2 +2.1 -2.3

Average relative 
humidity (%)

85 82 79 73 69 72 76 78 81 83 86 86

Average wind 
speed (m/s)

4.9 4.4 4.5 4.2 3.9 3.9 3.6 3.7 4.3 4.8 5.2 5.1

According to the outdoor air temperature, the number of degree days in Latvia is relatively high and 
only in Liepaja region is under 4000. The indoor temperature according the existing legislation is taken 
180C. However, it should be taken into account that this region is characterized by strong winds and 
heavy rain falls. The number of degree days of 4000 is totally surpassed on the rest territory of Latvia. For 
example, the number of degree days in Aluksne region exceeds 4750.

The duration of minimal outdoor air temperature flux from -25oC till -30oC for winter time is 10 hours, 

and has been registered during the 10 years monitoring period.
Global solar infrared radiation in our region fluctuates from season to season. From May to September, the 

sun gives 700-740 kW/m2 in Latvia; from October to April, 200-240 kW/m2; and from November to February, 40-
50 kW/m2 [3]. The average number of sunny hours per month and per year is shown in Table 2.2 and Figure 2.1.

Table 2.2: The monthly average number of sunny hours per month

I II III IV V VI VII VIII IX X XI XII Total

The average 
number of sunny 
hours

36 65 133 237 280 296 296 246 186 91 31 24 1922

Figure 2.1: Number of sunny hours per year [13]

Energy Supply for Buildings
As of now Latvia locally produces only 35.9% of the demanded energy. Thus, meaning that Latvia is 

one of those countries that strongly depend from imported energy resources. Solid fuel, oil products 
and electricity are imported from several countries and supply regions, but there is only one supplier for 
natural gas – Russia. In 2009 the total primary energy consumption was 183.3 PJ which is 11.9% higher in 
comparison with year 2000. The final consumption was 166.8 PJ which is 19.6% higher in comparison with 
year 2000. The distribution of primary energy sources in 2011 is shown in Figure 2.2 [10].
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Figure 2.2: Primary energy flows in Latvia

The most significant local energy resources used are: fuel wood and hydro energy (Daugava HPP 
cascade). The distribution of local energy sources is shown in the Figure 2.3.



12 13H a n d b o o k  o n  B u i l d i n g s  R e n o v a t i o n  i n  C e n t r a l  B a l t i c  R e g i o n H a n d b o o k  o n  B u i l d i n g s  R e n o v a t i o n  i n  C e n t r a l  B a l t i c  R e g i o n

Nuclear 17%

Hydro 3%

Wood 23%

Oil 24%

Natural gas 9%

Coal 11%

Peat 6%

Electricity import 4%

Others 3%

Figure 2,10

Electricity, GWh 1.52%

Wood waste, thousand m3 solid volume 2.95%

Firewood, thousand m3 solid volume 6.5%

Wood chips, thousand m3 solid volume 7.28%

Wood chips and waste, thousand m3 solid volume 10.23%

Oil shale, thousand tons 71.51%

Figure 2,7

Electricity 3.2%

Oil products 31%

Coal 1.9%

Natural Gas 28%

Self-sufficiency 35.9%

Figure 2,2

Peat 0.3%

Fuelwood 82.5%

Biogas 0.5%

Biofuel 2.3%

Electricity 14.4%

Figure 2,3

Natural gas 63.3%

Fuelwood 30.5%

Coal 0.8%

Oil products 5.3%

Peat 0.1%

Figure 2,5

Natural gas 93.7%

Fuelwood 2.6%

Sewage sludge gas 0.1%

Coal 1.8%

Oil products 1.8%

Figure 2,4

District heating 45.8%

Electricity 20.4%

Heat pump 8%

Light fuel oil 9.8%

Wood 13.3%

Heavy fuel oil 1.4%

Others 1.3%

Figure 2,11

Biofuels, waste, peat 68%

Heat pumps 8%

Waste heat 6%

Oil 7%

Natural gas including LPG 6%

Energy coal including coke oven and blast furnace gas 5%

Figure 2,17

Oil 5%

Coal 22%

Natural gas 35%

Domestic peat 18%

Biomass 18%

Other 3%

Figure 2,13

Oil 3%

District heating 18%

Electricity 43%

Solid biofuels 36%

Figure 2,14 a

Oil 1%

District heating 92%

Electricity 5%

Solid biofuels 1%

Gas 1%

Figure 2,14 b

Naftas produkti 1%

Centralizētā siltumapgāde 92%

Elektrība 5%

Cietā biodegviela 1%

Gāze 1%

Figure 2,14 c

Wind power 2.4%

CHP 13%

Hydropower 46%

Nuclear power 38%

Figure 2,16

Figure 2.3: Primary energy production in Latvia [10]

Latvia had set a goal that by year 2010 no less than 49.3% of total energy demand should be provided 
by using renewable energy sources. At the end of year 2010 this rate had almost been reached and was 
48.5%. According to the Ministry of Economics of the Republic of Latvia the next target is to reach 60% 
by the year 2020. As the main source of renewable energy in Latvia is hydro-power and it is dependent 
of meteorological conditions and water flow in rivers the amount of produced electrical energy varies 
depending on these factors. 

Heat is generated in boiler houses or in CHP plants. During the period from year 2007 till 2011 the 
number of boiler houses has decreased from 705 to 663, while during the same period number of CHP 
has increased from 43 to 83. Also the total amount of produced heating energy in boiler houses has 
decreased from 3792 to 3210 MWh while in CHP there has been rapid increase from 593 to 2904 MWh. 
This is showing the trend of modernization of the district heating system and the replacement of boiler 
houses with CHP plants. The Figure 2.4 and Figure 2.5 show the structure of energy sources used in boiler 
houses and CHP plants.
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Figure 2.4: The structure of energy sources used in boiler houses

Nuclear 17%

Hydro 3%

Wood 23%

Oil 24%

Natural gas 9%

Coal 11%

Peat 6%

Electricity import 4%

Others 3%

Figure 2,10

Electricity, GWh 1.52%

Wood waste, thousand m3 solid volume 2.95%

Firewood, thousand m3 solid volume 6.5%

Wood chips, thousand m3 solid volume 7.28%

Wood chips and waste, thousand m3 solid volume 10.23%

Oil shale, thousand tons 71.51%

Figure 2,7

Electricity 3.2%

Oil products 31%

Coal 1.9%

Natural Gas 28%

Self-sufficiency 35.9%

Figure 2,2

Peat 0.3%

Fuelwood 82.5%

Biogas 0.5%

Biofuel 2.3%

Electricity 14.4%

Figure 2,3

Natural gas 63.3%

Fuelwood 30.5%

Coal 0.8%

Oil products 5.3%

Peat 0.1%

Figure 2,5

Natural gas 93.7%

Fuelwood 2.6%

Sewage sludge gas 0.1%

Coal 1.8%

Oil products 1.8%

Figure 2,4

District heating 45.8%

Electricity 20.4%

Heat pump 8%

Light fuel oil 9.8%

Wood 13.3%

Heavy fuel oil 1.4%

Others 1.3%

Figure 2,11

Biofuels, waste, peat 68%

Heat pumps 8%

Waste heat 6%

Oil 7%

Natural gas including LPG 6%

Energy coal including coke oven and blast furnace gas 5%

Figure 2,17

Oil 5%

Coal 22%

Natural gas 35%

Domestic peat 18%

Biomass 18%

Other 3%

Figure 2,13

Oil 3%

District heating 18%

Electricity 43%

Solid biofuels 36%

Figure 2,14 a

Oil 1%

District heating 92%

Electricity 5%

Solid biofuels 1%

Gas 1%

Figure 2,14 b

Naftas produkti 1%

Centralizētā siltumapgāde 92%

Elektrība 5%

Cietā biodegviela 1%

Gāze 1%

Figure 2,14 c

Wind power 2.4%

CHP 13%

Hydropower 46%

Nuclear power 38%

Figure 2,16

Figure 2.5: The structure of energy sources used in boiler houses in CHP plants

2.2 Estonia

Description of Residential Building Stock
Residential buildings in Estonia are one of the essential heat consumers during the heating season. 

Residential sector in Estonia consumes 70% of all amount of produced heating energy.
The majority of residential buildings were constructed within the period from 1960 to 1990. At this 

time mainly typical buildings were constructed. Brick and panel type of buildings were among the 
most widespread. According to regulations existing in USSR, a standard thermal resistance of building 
envelopes was calculated with the account to climate conditions and building envelope thermal inertia. 
In climate conditions of Estonia the standard thermal conductivity for exterior brick walls was in average  
1.33 W/m2K and for exterior expanded-clay concrete walls: 1.18 W/m2K, which is at least 3 times less 
than the values specified in the current Estonian standard. It should be noted also that in the process 
of installation of building envelopes a correct sequence of operations was not often observed and 
technology was not duly supervised. Taken as a whole, all these factors, especially when considering 
current high energy costs, result in high costs for upkeep of buildings.

The residential building stock in Estonia is 39.4 mil m2, out of which 70% represents the cities share 
and 30% the countryside. The largest part of residential buildings (96%) is privately owned.

The average annual specific heat consumption for space heating of Estonia dwelling buildings is  
153 kWh/m2 and for hot water supply: 42 kWh/m2.

The main source of heating in Estonia is provided by district heat supply systems. Totally about 60% of 
housing stock is connected to district heating [17].

Climate Characteristic
In general Estonian climate can be described by moderate temperatures with all year round high 

relative humidity. According to the Estonian Environment Agency data the average Estonian climatic 
conditions in Tallinn for years from 1971 till 2000 are shown in Table 2.3.

Table 2.3: The average Estonian climatic conditions in Tallinn 1971-2000 (source: http://emhi.ee/?ide=6.299.302)

  I   II   III   IV   V   VI   VII   VIII   IX   X   XI   XII

Average 
temperature (oC) -3.8 -4.6 -1.3 +3.8 +9.8 +14.3 +16.6 +15.6 +10.7 +6.1 +1.1 -2.1

Average relative 
humidity (%) 87 85 81 75 69 73 77 80 83 84 87 88

According to the outdoor air temperature, the number of degree days in Estonia, Tallinn was 3801 in 
2011. For example, the number of degree days in Jõhvi was 4084 in 2011.

The whole territory of Estonia is located in the cold climatic zone and in this respect energy efficiency 
measures are extremely important and it is possible to save significant amounts of energy. The Table 2.4 
in Figure 2.6 shows the average number of sunny hours per month and solar electricity potential. 
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Figure 2.6: Irradiation and solar electricity potential in Estonia [12]

Table 2.4: The average number of sunny hours per month in Estonia in 2011[17]

I II III IV V VI VII VIII IX X XI XII Total

The average 
number of 
sunny hours

13 124 192 241 299 344 286 274 141 119 40 23 2099

Energy Supply for Buildings
As of now Estonia locally produces all the demanded energy. The distribution of primary energy 

sources in 2011 is shown in Figure 2.7.
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Figure 2.7: Primary energy flows in Estonia [17]

2.3 Finland
Description of Residential Building Stock
Residential buildings in Finland are one of the essential heat consumers. In 2011 heating of the 

households in Finland amounted to 24% of the total end-use consumption, being the second largest 
after industry.

In Finland at the end of 2011 the total number of buildings was 1 459 705, some 85% of which 
residential. Since 2010, the building stock has increased by 13 600 buildings. Since year 1990, the number 
of buildings has increased 297 000, equal to 26% of the total building stock. There are about 77 000 old 
buildings constructed before 1921: about 5% of the numeral stock. Single family houses amount to about 
3/4 of the residential stock. Detached houses and blocks of flats are less than 10% of the total number, but 
about 1/3 of the floor area of the residential buildings.

Out of the total number of residential buildings, 95% have two floors or less (67% are one-floor 
buildings). These small buildings house 69% of population, equal to 3.6 million. The number of blocks 
of flats with four floors or more amounts to 26 000, but houses a population of 1 107 000 inhabitants. 
Buildings with ten floors or more are rather rare.

The highest energy consumption concentrates in the buildings constructed during 1950-1980. These 
buildings were constructed using prefabricated sandwich elements for facades. Most buildings of that 
period, including residential ones, have flat roofs.

Since July 2013, the building code was converted from building index (m2K/W) based on energy 
performance, which encourages the use of forms of energy produced with less CO2 emissions.

In year 2011 the average annual specific heat consumption in the buildings connected to district 
heating, including both space and domestic hot water heating, amounted to 39 kWh/m3, which is about 
120 kWh/m2. One third of the value is assumed to be domestic hot water, and the balance of two thirds is 
space heating. In whole of Finland (in 2011) district heating supplied 46% of the building stock and about 
90% of the total in the cities.

Climate Characteristic
Due to the outdoor air temperature, the number of degree-days in Finland varies between 4250 in 

Helsinki and 6240 in Sodankylä, 17.5oC is used as the basis. High level and large geographical variation 
sets high requirements on the heating systems reliability and costing. In Helsinki, the heating systems are 
designed according to -25oC and in Lapland to -35oC outdoor temperature.

Global solar infrared radiation in Finnish regions fluctuates from season to season. On average, the 
values can be seen in Figure 2.8.
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Figure 2.8: Solar radiation in Finland [12]

The coastal areas of Finland are rather windy, which increases the sensation of cold in winter. In 
addition, rainfall in the windy areas causes additional problems to the facades of buildings (so-called 
horizontal rain). Though a large portion of central and eastern Finland is covered with lakes, the climate 
in those regions is mainly continental. There are four weather zones in Finland (Figure 2.9). The climate 
description is presented in Table 2.5 and Table 2.6.

Figure 2.9: Weather zones in Finland [28]

Table 2.5: Calculation of default and average temperatures for the different weather zones

Weather zone Default outdoor 
temperature, ⁰C

Yearly average outdoor 
temperature, ⁰C

Heating season average 
outdoor temperature, ⁰C

I -26 +5 +1

II -29 +4 0

III -32 +2 -1

IV -38 0 -5

Table 2.6: Monthly weather data in Weather Zone I, Helsinki-Vantaa [28]

Month Average outdoor temperature,  
Tu ⁰C

Total solar radiation 
on horizontal, 
Gsr,horizontal , kWh/m2

Degree-day values 
for normalized calculations, 
S17, Kd

January -8.53 7.1 791

February -9.75 27.9 749

March -1.68 55.2 579

April +1.80 103.7 456

May +10.8 167.8 160

June +16.0 195.2 0

July +14.7 131.7 0

August +16.0 130.6 0

September +9.69 72.1 193

October +3.95 33.2 405

November +1.42 6.9 468

December -3.85 4.7 646

Yearly total 4.29 936 4447

Energy Supply for Buildings
In 2011, Finland produced locally 32-35% of the demanded energy. This meaning that Finland is one 

of those countries that strongly depends from imported energy resources. Solid fuel, oil products and 
electricity are imported from several countries and supply regions, but there is only one supplier for 
natural gas: Russia. In 2011 the total primary energy consumption was 1388 PJ, which is 5% less than 
in 2010. The final consumption was about 1170 PJ, which is about 6% higher than in year 2000. The 
distribution of primary energy sources in 2011 is shown in Figure 2.10 [8].
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Figure 2.10: Primary energy flows in Finland [8]

The most significant energy flows are still fossil (40%), whereas the share of nuclear is 17%, with 
renewable energy sources (wood, hydro, wind and solar) being about 28%.

Finland has set a goal that no less than 39% of total energy demand should be provided by using 
renewable energy sources by year 2020. At the end of year 2011 this rate had almost reached 30%, 
according to the Ministry of Employment and Economy. The main sources of renewable energy in Finland 
are hydropower, industrial waste and wood, but still very little wind and solar.

It is important to note that still 20.4% of Finnish buildings use electricity for heating. Though a certain 
percentage of those buildings use only direct electricity (radiators), many single-family houses built in 
1950-1970 have electrically powered water-based heating systems.
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Figure 2.11: Market share of heating systems in housing and commercial buildings [8]

Heat for district heating systems is generated in heating plants and CHP plants, as well as  recovered 
from industrial wastes. Typically three fourths of the produced heat is produced by CHP and one fourth 
of heat is generated by heating plants and other sources. In year 2011, heat production in district heating 
was 34 TWh (122 PJ) in total and heat was distributed to the population of 2.7 million, about 50% of the 
population in Finland. The sales of district heating were 32.4 TWh at the average price of 65 €/MWh, 
including all taxes. Achievements of Finnish district heating and CHP in terms of fuel savings, emission 
reductions, as well as low customer prices are shown in Figure 2.12. Fuels used for district heating in 
Finland in year 2010 are shown in Figure 2.13.
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Figure 2.12: Achievements of Finnish district heating and CHP [11]
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Figure 2.13: Fuels used for district heating in Finland, 2010 [5]  
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2.4 Sweden
Description of Residential Building Stock
Nowadays Sweden has about 9.5 million citizens [19] and there are more than 1.9 million apartments in 

one- or two-dwelling building and 2.5 million apartments in multi-dwelling buildings [16]. The residential 
multi-dwelling building units have a total residential floor space of 166 million square meters [18].  The 
majority of single-family houses are owner-occupied while a significant share of the multi-dwelling 
apartments belong to the rented sector. In single family houses the most common primary heat source is 
the electric heating: 29% [9] (electric boilers, electric heating or electric heating element in combustion 
boilers), oil and gas are used in 4% of single family houses. Numerous buildings represent combination of 
heat sources [9]. In 2010 the share of low-energy apartments was 11.2% of total newly build apartments, 
and the share of detached houses was around 1% [30].

Climate Characteristic
Climate of Sweden can be divided in three distinct zones: Northern Sweden, Mid Sweden and 

Southern Sweden. Northern Sweden consists of the counties of Norrbotten, Västerbotten, and Jämtland; 
Mid Sweden has the counties of Västernorrlan Gävleborg, Dalarna, Värmland and Southern Sweden 
has the counties of Jönköping, Kronoberg, Kalmar, Gotland, Västra Götaland, Uppsala, Västmanland, 
Södermanland, Östergötland, Örebro and Stockholm, Halland, Blekinge and Skåne. In the southern part 
there is a warm humid climate, while the mid and northern regions have a humid Snow Climate.

July is the warmest month in Sweden with the average temperatures between 13 to 17°C, February is 
the coldest month ranging between -22 to -3°C, dropping up to -30°C in Northern Sweden [22]. 

Table 2.7: Normal temperature values for Stockholm, 1961-1990 (source: http://www.smhi.se)

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Year

-2.8   -3.0    +0.1    +4.6   +10.7 +15.6   +17.2   +16.2   +11.9 +7.5    +2.6   -1.0    +6.6

(http://www.smhi.se/klimatdata/meteorologi/temperatur/dataserier-med-normalv%C3%A4rden-1.7354)

Relative humidity for an average year accounts for 77.8% and on a monthly basis it ranges from 
65% in May to 88% in November [21]. Hours of sunlight vary between 0.8 hours/day in December and  
10.6 hours/day in June [21]. Northern Sweden has constant daylight during part of the summer while 
Southern Sweden never has continuous daylight. These weather conditions have a major influence on 
Sweden’s power supply, affecting the electricity consumption, particularly for the heating purposes.

Table 2.8: Number of hours with sunshine per Month: 2006 [15]

Sweden I II III IV V VI VII VIII IX X XI XII Total

Jonköping (South) 32 61 106 157 220 228 214 197 132 80 42 29 1498

Goterborg (Southwest) 40 71 126 182 241 266 243 220 143 94 58 38 1722

Ostersund (Middle) 26 74 131 169 233 246 228 187 115 72 38 17 1536

Stockholm 40 72 135 185 276 292 260 221 154 99 54 33 1821

Haparanda (North) 19 69 136 194 269 315 304 213 131 82 34 5 1771

Energy Saving Potential
Between 1965 and 1974 the “Million Programme” was introduced in Sweden by the leading Swedish 

Social Democratic Party aiming to build a million new apartments in a 10-years period. At the same time, 
a large proportion of the outmoded housing stock was destroyed [31]. A large number of single-family 
houses with electrical heating were built during 1965-1980. In the 1980s, the improvements for “Million 

Programme” were launched to remodel the outer environment and to renovate the apartments that were 
contracted within the “Million Programme [29].  

During 2009 “A Joint Climate and Energy Policy” that is based on the EU’s 20/20/20 targets was 
approved. According to this policy, by 2020, the share of renewable energy in Sweden should be 49% and 
Sweden has set up the goal: at least 50% of the total energy use, CO2 are to be reduced by 40% by the 
year 2020 compared with 1990 [25]. The vision for 2050 is that Sweden should not have emissions of CO2 
into the atmosphere. These goals will be supported by the carbon tax, energy advisory services, energy 
auditing, and energy labeling [14].

In May 2011, an updated version of the building regulations, BBR18, came into force for the energy 
savings. Rules were changed according to the new Planning and Building Act (PBL) and Planning and 
Building Ordinance (PBF). Requirements for energy consumption of new buildings and non-residential 
premises with heating source other than electricity were tightened. The entire chapter for building energy 
performance was revised and complemented with additional sections for buildings energy classes and 
energy requirements during buildings’ alteration. It provides regulations on technical performance of 
a building in terms of energy use as well as general recommendations on energy efficient measures at 
building alteration [2].

Energy Supply for Buildings
Swedish primary energy consumption per capita stood 45% above the EU average in 1990 [27]. In 

2010, the residential sector represented 40% (166 TWh) of the country’s total energy use, 60% of energy 
used for heating and hot water [26]. By 2010 the heat pumps were installed in 45% of one- or two-dwelling 
buildings. In 2011 95% of a total 713 000 heat pumps was accounted for one and two-dwelling buildings. 
Geothermal and water pumps were the most common one.

Table 2.9: Final energy use in the residential and services sector, 1970–2010, in TWh [24]

Year Oil product Electricity District 
heating

Biofuels, peat Other fuels Total

2003 24.4 72.1 42.1 12.8 2.2 153.7

2005 18.0 72.3 42.5 13.5 2.2 148.5

2008 13.8 69.5 42.5 14.3 1.7 141.9

2009 13.2 71.2 42.8 16.2 2.1 145.5

2010 14.5 76.8 53.4 19.5 2.3 166.5

In 2011 the total energy used for heating and hot water in dwellings and non-residential premises 
amounted up to 76.5 TWh. One and two dwelling buildings had the largest share of energy used with 
a total of 33.6 TWh. In multi-dwelling buildings 22.9 TWh was used and in non-residential premises  
19.9 TWh. District heating was the most common heating method for multi-dwelling buildings and non-
residential premises, while electricity and solid biofuels were the main energy source in one and two-
dwelling buildings. 

Oil use for heating and hot water continues to decrease. It accounted only for 1% in energy supplied 
for multi-dwelling houses and non-residential premises and was around 3% of the total amount of 
energy used in one- and two-dwelling houses (Figure 2.14). The average use of energy for heating and 
hot water was 117 kWh/m2 in one and two-dwelling houses, 140 kWh/m2 in multi-dwelling houses and  
130 kWh/m2 in non-residential premises [7].
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Figure 2.14: Sources of energy for heating and hot water in one - and two-dwelling houses

Figure 2.15: Total energy supply in Sweden, excluding net electricity exports, 1970–2010, in TWh [25]

Since 1970, the energy supply in the country was changed dramatically. The production of electricity 
has increased by 131% since 1970 due to the development of nuclear and hydro power (Figure 2.15). 
During the 1980s, the public energy companies installed large heat pumps to produce district heating; 
moreover, the natural gas was brought to the cities and wind power construction started in the middle of 
the 1990s. Fuel used for district heating amounted to 68 TWh, of which biofuels, peat and waste accounted 
for the largest proportion: 47 TWh.

The major changes in energy mix occurred in Sweden between 1977 and 2010 especially in oil reduction 
from 71% to almost 25% and in the growth of nuclear power from 1% to more than 35% (Figure 2.15) [20]. 
Since 1970, there was a transition from oil to renewable energy sources, due to the low cost for waste, 
and limitation of waste disposal to landfill, as well as introduction of sulphur and carbon dioxide taxes [6]. 
Electricity production in Sweden is dominated by CO2- free hydro and nuclear power. The rate of wind 

energy development has speeded up in recent years up to 2.5% of Sweden’s total electrical production. 
Thermal power, produced with biomass fuels, accounted for 9% of total electrical production and fossil-
fired production for around 5% of production in 2010. Sweden’s total domestic electrical production in 
2010 amounted up to 145.0 TWh (133.7 in 2009), an increase of over 8% comparing to the previous year.

There has been a big concern in low-energy buildings construction in Sweden in recent years: over 100 
detached houses and over 3200 apartments have been built, almost 60% of them have been built in the 
last two years: Western Sweden 54%, Smålland 18%, Greater Stockholm 11%, and southern Sweden 9%. 
Within the “New Environmental Program for 2012-2015” it was agreed to rearrange the old industrialized 
district to an environmentally friendly one. The first project in this program was “Hammarby Sjöstad”; 
the model project for urban development that focuses on sustainability, and the latest environment 
technology solutions that are integrated into the district, started in 1998 and is planned to be ready in 
2017. The next step is the construction of a new sustainable city district-Stockholm Royal Seaport. In the 
North Eastern part of the city 236 hectares of land will be completely transformed from industrial to an 
environment district with 10 000 new households and workplaces (the construction time 2009-2025).

Table 2.10: Electricity production in Sweden, 1970–2010, in TWh [23]

Year Hydropower 
and wind 
power

Wind 
power

Nuclear 
power

Industrial 
backpressure 
power

Combined 
heat and 
power

Cold 
considering 
power

Gas 
turbines

Total net 
production

2003 53.0 0.6 65.5 4.7 7.9 0.5 0.1 132.3

2005 72.1 0.9 69.5 4.6 7.3 0.1 0.0 154.5

2008 66.3 2.0 61.3 6.1 8.0 0.1 0.0 143.8

2009 65.3 2.5 50.0 5.6 10.2 0.1 0.0 133.7

2010 66.2 3.5 55.6 6.3 12.8 0.4 0.0 144.8
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Figure 2.16: Electricity production, 2010

Swedish electricity production is led by nuclear and hydro power. In 2010, hydropower accounted for 
46%, nuclear power for 38% and wind power for 2.4% of production (Table 2.10 and Figure 2.16). In 2010 
the consumption of electricity in Sweden accounted for 146.8 TWh. More than 50%, about 76.8 TWh, was 
used in residential and service sectors [23].

Due to the unusually cold winters for the last two years (2010, 2011) the energy input and demand for 
district heating increased (Figure 2.17).
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Figure 2.17: Energy input for district heating, 1970-2010 [23]

In 2010 the district heating mix was dominated by biofuels, waste and peat followed by heat pumps 
(Figure 2.18). The share of oil increased by 49% comparing to the previous year: rising from 2.4 TWh in 
2009 to 4.9 TWh in 2010 [23].
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Figure 2.18: District heating production, 2010 [23]

District cooling in Sweden is mainly used in offices, shops and for cooling in industrial processes and 
very rarely in residential buildings. The most common method of production is to use the waste heat or 
lake water to produce district cooling [25].
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3. Case Studies 

3.1 Energy Efficiency in Buildings: Cases of Latvia
Description of Analyzed Kindergartens and Residential Buildings
The chosen cases from Latvia include two kindergartens and one multi-storey residential building.  

A detailed data for each chosen case study building is shown in Annex 1-3.
At the start of year 2011 there was  total number of 605 kindergartens in Latvia. About 75% of all children 

under the age of 7 living in Latvian capital Riga spend about 30–60 hours per week in kindergartens 
and therefore it is very important to establish a healthy and comfortable indoor environment that both 
children and facility personnel will find pleasant and stimulating to stay and perform in.

The majorities of problems in Latvian kindergartens, as well as in residential buildings are similar and 
are caused due to the fact that most of them were constructed in accordance to old Soviet building codes. 
The common problems for existing building stock include non-insulated or partly insulated heating and 
hot water piping systems, poor thermal properties of building envelope, as well as balancing problems due 
to applied one-pipe heating system. In addition, the heating elements don’t have individual regulation 
possibilities that cause overheating in kindergartens where temperature reduction by window opening is 
limited. Figures 3.1 and 3.2 present the common conditions of buildings before renovation work.

Figure 3.1: Typical conditions of buildings’ piping systems before renovation
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Figure 3.2: Typical conditions of building envelope before renovation

Old building codes stated that ventilation should be only achieved by natural means, i.e. fresh air supplied 
through wooden window construction and exhausted through the vents (stack effect). It was presumed that 
such solution would result in sufficient air exchange. Use of mechanical ventilation systems was forbidden by 
Latvian Building Codes as previously it was forbidden by Soviet Building Codes because of their noise level [5].

Within the last five years energy efficiency measures, including additional thermal insulation of the 
building facade, as well as replacement of old wooden frame windows for polyvinyl chloride ones were 
implemented in majority of Latvian kindergartens. However, these actions alone possess great risks of 
indoor air quality problems, since buildings became more airtight leading to insufficient air exchange.  
Figure 3.3 shows indoor air quality in kindergarten with PVC windows. According to practical measurements, 
the moisture content of external building envelope is low and CO2 level reaches 1400 ppm. Such satisfactory 
CO2 level can be explained by the low occupancy level at given room during period of measurements.

Figure 3.3: Indoor air quality in kindergarten with PVC windows

According to Latvian building norms [9] the minimum acceptable air temperature in kindergartens 
is at least 20.0°C or 18.0°C for children younger and older than 3 years respectively. The European  
standard [22] specifies the recommended design values of indoor temperature in kindergartens as 19.0°C 
and 17.5°C for categories I and II respectively. It is generally suggested to keep the relative humidity 
between 30% and 60% throughout the entire year.

The specific heating energy consumption in Latvian kindergartens is estimated to vary between 
196 and 285 kWh/m2 which is still high compared to situation in other European countries. Therefore 
to reduce energy consumption to meet the municipality’s goal of 100 kWh/m2/yr, even further actions 
should be taken, e.g. including, education of kindergarten personnel, HVAC system retrofit and use of 
high-efficiency HVAC equipment.

Description of the Renovation Done
The renovation package for both kindergartens as well as for residential building included similar 

improvements to building facades, as well as heating and ventilation systems. In all cases facades were 
insulated with additional 100 mm of insulation, also the windows were changed to double glazed PVC 
windows, additional insulation on pipelines was placed, the radiators were replaced and system was 
rebalanced. The old one-pipe heating systems with old cast iron heating elements were completely 
replaced with two-pipe newly built heating system with panel type radiators equipped with thermostatic 
valves. Table 3.1 shows the completed renovation works in analyzed buildings and the predicted energy 
savings from each measure.

Table 3.1: Renovation measures performed in sites and predicted energy savings in supplied specific energy in kWh/m2/year

Additional 
insulation 
of heating 
systems 
pipeline

Renovation 
of heating 
system, 
balancing, 
replacement 
of existing 
radiators and 
pipes

Extra 
insulation 
of 
exterior 
walls

Extra 
insulation 
of ground 
slab  

Extra 
insulation 
of 
basements’ 
ceilings

Extra 
insulation 
of roof

Change 
of 
windows 
to PVC 
with 
U=1.8 W/
(m²K)

Total 
savings 
in 
energy 
in kWh/
m2/year

Kindergarten, 
“Zīlīte”,  
Plūdoņa street 
60, Bauska

7.20 10.80 45.01 
(100 mm 
material)

19.80 
(100 mm 
material)

- - - 82.81

Multi-storey 
residential 
building, 
Kareivju street 3, 
Bauska

1.6 4.7 36.0 
(100 mm 
for 
facades)
24.2 
(75 mm 
for end 
walls)

- 13.7 
(40 mm 
material)

3.2 
(150 mm 
material)

3.8 87.2

Kindergarten, 
“Pasaulīte”, 
Saules street 8, 
Bauska

- 6.33 82.72 
(100 mm 
material)

23.36 
(100 mm 
material)

- - - 113.69

Results of Implemented Measures
To evaluate the effects of renovation measurements of consumed energy for heating have been 

performed and comparison to the predicted ones has been made. The Table 3.2 shows how these results 
stack up.
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Table 3.2: Comparison of heat consumption before renovation with theoretically predicted and measured heat 
consumption in Latvia

Objects Heat consumption before 
renovation
(СО2 emission)

Theoretical heat 
consumption after 
renovation

Measured heat 
consumption after 
renovation

Kindergarten

227 kWh/m2

(30 464 kgCO2)
121 kWh/m2

(17 326 kgCO2)
150 kWh/m2

(21 765 kgCO2)

Kindergarten

245 kWh/m2

(89 304 kgCO2)
117 kWh/m2

(58 258 kgCO2)
145 kWh/m2

(71 940 kgCO2)

Residential building: 5-storey

150 kWh/m2

(89 304 kgCO2)
78 kWh/m2

(54 450 kgCO2)
75 kWh/m2

(44 652 kgCO2)

As seen from the table there are some differences between predicted and measured energy 
consumptions and mostly the actual measured heat consumption is higher than predicted one. This 
can be explained by reason that the indoor temperature had risen after renovation. In most cases this 
can be considered as a good thing because the indoor temperature before the renovation was too 
low and by increasing it the indoor climate quality is improved. However, if the temperature rise is 
unwanted the heating system needs to be rebalanced after the renovation or automation for heating 
boiler must be installed. Figure 3.4 shows the indoor temperature comparison in old, renovated and new  
kindergartens [30].

Figure 3.4: Indoor temperature comparison in six kindergartens

The visual pictures of building fasades and thermographics of buildings after the renovation is shown 
in Figures 3.5 and 3.6.

Figure 3.5: Visual and thermographics pictures of renovated buildings
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Figure 3.6: Renovated kindergarten in Jelgava

After the renovation works the thermal performance of external building envelope has increased. 
There was no heat flow through the walls. Such thermal bridges as external wall/floor junctions, internal 
corners and external corners were fully prevented.

In order to get more objective information of renovation quality, including also changes in ventilation 
rate, the airtightness tests for kindergartens were done. Figure 3.7 shows preparation work done for 
airtightness test. In order to test air leakage rate of building envelope, all ventilation shafts were sealed 
and all windows and external doors were closed while the internal doors were opened to prevent closed 
spaces. Preparation works where done in compliance with the requirements of standard [10] method B.

Figure 3.7: Preparation work for Blower Door test

Air leakage test was done using two Blower Door installations. Blower Door installations were placed 
on opposite facades (Figure 3.8). The total capacity of Blower Door installations - 28000m3/h. The 3D 
model of kindergarten and dimensions are shown in Figure 3.9. Verification was performed in two modes:

 ¡ by creating rarefaction in range between 40 Pa and 70 Pa;
 ¡ by creating overpressure in range between 25 Pa and 60 Pa.

Figure 3.8: Principal scheme of Blower Door test

44.7 m39 m

16.1 m

9.3 m

6.1 m
3 m

6.8 m

6.2 m

6.5 m

Figure 3.9: Dimensions of analyzed kindergarten

Air permeability verification was performed in compliance with the standard EN 13829 [10] 
(methods A and B). Assessment of verification results was performed in compliance with the standard  
LBN 002-01 [8]. According to the requirements of LBN 002-01, air permeability q50 of the buildings 
envelopes being tested should not exceed 3m3/(m2∙h), with pressure difference 50 Pa, where:

q50=V50/AE

where: V50  - the measured air flow that flows through the construction with pressure difference 50 Pa; 
AE - area of building’s envelope.

Additionally, air change rate coefficient n50 (h-1) with pressure difference 50 Pa was calculated, where:
n50= V50/V

where: V50  - the measured air flow that flows through the construction with pressure difference 50 Pa; 
V - building volume.

The results of Blower Door test after renovation are presented in Table 3.3. In all cases the air leakage 
rate is in conformity with the requirement of LBN 002-01. Air leakage rate according to this code is  
3.0 m3/(m2∙h) for residential buildings, hospitals and kindergartens.
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Table 3.3: Airtightness of buildings’ envelope in kindergartens after renovation

Case study Volume, m3 Area of building 
envelope, m2

Air leakage rate,
m3/(m2·h) q50

Air change rate, h-1 n50

Kidergarten 
“Zīlīte”

4045 5358 2.89 2.19

Multi-storey 
Residential 
Building

6375 4044 2.57 1.63

Kindergarten 
“Pasaulīte”  

3895 6228 2.68 1.68

Unfortunately, there is no precise data available on air leakage rates of kindergarten buildings before 
renovation. However, the measurement of one, partly renovated, kindergarten has shown that the 
air leakage was 6.5 m3/(m2·h). In addition to building envelope airtightness evaluation the ventilation 
systems were also checked in kindergarten “Kamolītis”. The ventilation rate under pressure difference  
50 Pa created 4.62 h-1 but under 4 Pa - 1.29 h-1.

Potential Use of Renewables
For the last five years the use of solar collectors and solar panels has became more popular in Latvia. 

At the moment installation of solar collectors and solar panels is growing in single family houses. 
Nevertheless, the use of solar collectors in multi apartment buildings is not yet popular. There are only 
some pilot projects of solar panel installations in multi apartment buildings [29].

For improvement of energy efficiency and in order to achieve zero net energy building requirements, a 
strong option would be utilization of solar energy both for generating solar thermal and electrical power. 
However, the actual obtained energy of solar collectors depends on their orientation, shading from trees 
as well as efficiency of the system. The data on how the efficiency changes depending on the inclination 
angle and orientation is shown in Tables 3.4 and 3.5 [28].

Table 3.4: Inclination angle of solar collector

Inclination angle to the horizontal 0° 15° 30° 45° 60° 75° 90°

Heating 0.71 0.85 0.94 1.00 1.00 0.98 0.88

Heating and DHW 0.59 0.74 0.89 1.00 1.06 1.06 0.97

Table 3.5: Orientation of solar collector

Deviation from the south 0° 15° 30° 45° 60° 75° 90°

Heating 1.00 0.99 0.97 0.93 0.88 0.81 0.73

Heating and DHW 1.00 0.98 0.95 0.89 0.81 0.73 0.64

According to study for the Riga City and its surrounding territories the most efficient placement of 
solar collectors is toward the south or the azimuth angle is 0° (in some geographical literature could be 
1800 due to north is assumed as 0°) and the tilt angle is 55°.

The heating season in Latvia on average is lasting from October until May; the total solar energy 
produced during this period is 308 kWh/m2. Therefore, maximal energy produced by solar panels can 
reach 185 kWh/m2.

3.2 Energy Efficiency in Buildings: Cases of Estonia

Description of the Chosen Cases
The chosen cases from Estonia include one multi-storey residential building in Mustamäe district, one 

elementary school and one high school. 
The Mustamäe district of Tallinn was built in 1962–1973, the reasons being both the war damage 

and increasing immigration. The official milestone that prompted the extensive construction activities 
was the 1957 regulation of the Central Committee of the Estonian Communist Party and the Council 
of Ministers. It identified specific tasks and summed them up in the laconic sentence, “Eliminate the 
shortage of flats within the next 12 years”. The necessary technological basis for this was provided by 
factories producing large panels, first of all by the Tallinn Construction Plant, which opened in 1961 [40]. 
The plant’s products were determined and limited by standard projects required all over the Soviet Union. 
The initial architectural idea behind the Mustamäe district was the free planning principle of Le Corbusier 
[21] and [24].

The building of Mustamäe was connected with a certain rise of positive mood and hope that occurred 
in the early 1960s. The construction of Mustamäe meant a construction of a Socialist Utopian City: 
beautiful, well-designed, full of light  and was closely related to the official socialist belief in progress.

Today, forty years later about 65 000 people live in Mustamäe, unfortunately the state of Mustamäe 
has changed beyond recognition. With its decaying houses – the result primarily of the poor Soviet 
construction quality and materials – Mustamäe has become a parody of its original idea. Most of the 
buildings in Mustamäe area need a complete retrofitting and they need it soon.

Early 2012 saw the completion of extensive renovations to the apartment building at Sõpruse 244 
in Mustamäe. This typical 60-flat Soviet-style apartment building was constructed in 1966 and was 
renovated as part of the Healthy and Economical Home project initiated by Swedbank. 

There are about 550 high schools and 220 elementary schools in Estonia. The Rahumäe elementary 
school was originally built in 1935. The first building was completely destroyed by a fire in 1985 but rebuilt 
in 1986. 

The Tallinn Pae high school was originally designed in 1955 and the construction of the building was 
finished in the end of the decade. Additional part of the building with the canteen and several classrooms 
was constructed in the end of the 1960s.

3.2.1 Dwelling House

Description of the Dwelling House
The 5 floor building with the heated area of 2968 m2 has 60 apartments. Altogether about 

180 inhabitants live in the building. Figure 3.10 presents the buildings outlook before (left 
picture) and after (right picture) the retrofitting.
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Figure 3.10: Sõpruse 244 in Mustamäe before (left picture) and after (right picture) the retrofitting

Before the retrofitting the building was in a rather poor condition, see Figures 3.11 and 3.12.

Figure 3.11: Sõpruse 244 in Mustamäe before the retrofitting. Heating system (left) and water pipes (right)

Figure 3.12: Results of a thermographic analysis accomplished for the building before the retrofit

Description of the Renovation Done
Renovation work included the insulation of the entire facade and the roof. Additional insulation like 

plaster (2 mm grain to grain mineral plaster) insulation system (polystyrene insulation) was made for the 
building envelope. The insulation used for facade is polystyrene EPS 150. The insulation material used 
from socket to first floor window is stone wool to fulfill the fire safety requirements. To prevent the spread 
of fire between the apartments the facade is divided into 200 mm wide stripes of rock wool. Socket is 
insulated with polystyrene EPS 120 100 mm which is installed between soaked timber frame and covered 
with fiber cement sheet. Polystyrene EPS50 250 mm was used as additional roof insulation. Hard wool 
panels 50 mm were put onto the main insulation. During the renovation of the building the old wooden 
windows were replaced with new PVC windows with U = 1.1 W/m2K. In addition, balcony panels were 
replaced and new glass balcony railings were installed.

One-pipe heating system was replaced with two-pipe heating system. The heaters have thermostatic 
valves and the equipment for apartment is based on heat allocation. Purmo Air steel panel radiators were 
used. A novel solution was the installation of 3 water–to-water heat pumps that operate parallel, which 
were added to the existing heating unit. The heat source of heat pumps is the mechanical ventilation 
exhaust air. The heat from exhaust air of apartments and stairwells is used for domestic hot water and 
preheating of heat carrier of radiators. Existing natural ventilation shafts were used for mechanical 
exhaust. New circular galvanized steel ventilation ducts were installed in some of them. Remaining old 
shafts were unchanged as it was not possible to install new ducts due to the poor quality of construction. 
Compensation air modules connected with radiators were installed under the heaters in living rooms, 
bedrooms and kitchens to compensate extracted air. Outdoor air goes through a filter and is preheated 
before it reaches the room.

Most of the work was aimed at achieving energy efficiency, better indoor climate and to extend the 
service life epriod of the building.

Effects of the Renovation
The buildings energy usage is well monitored. The energy saving measures realization resulted in 

50.6% decrease of building heating energy need. The heat energy consumption dropped from 150 to 
75.9 kWh/m2. Measured electricity consumption, however, went up 72.9% from 2.4 to 17.5 kWh/m2, which 
is the result of installing the exhaust air heat pumps. However, measured energy consumption of the 
building including heat, electricity and domestic hot water is 93.4 kWh/m2 per year, which has decreased 
38.8% compared to the situation before the renovation.

The following Figures 3.13 and 3.14 illustrate the retrofit work done. 

Figure 3.13: Sõpruse 244 in Mustamäe after the retrofitting. Ventilation ducts at the roof (left) installed heat pumps (right)

Figure 3.14: Results of a thermographic analysis after the retrofit
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3.3.2 Elementary School

Description of the Elementary School
With its 650 students and 51 teachers Rahumäe elementary school is the biggest elementary school 

in entire Estonia. The building has 3 floors and 5486 m2 of heated floor area. The building was completely 
retrofitted in 2005. Figure 3.15 presents the Rahumäe elementary school outlook after retrofitting in 2006.

Figure 3.15: Rahumäe elementary school after the retrofitting

Description of the Renovation Done
Renovation work included the insulation of the entire facade and roof. Colombia brick tile walls were 

covered with 200 mm thick rock wool plates as insulation material. For roof insulation 3 layers of fiberglass 
altogether 230 mm was installed. 100 mm thick polystyrene plates were installed as floor insulation. 
Heating system was completely renovated. Double pipe heating system, with steel panel radiators in 
every room with thermostatic valves was installed. 

Natural ventilation system was entirely replaced with mechanical ventilation system. All together five 
separate ventilation units were installed. Three units have rotor heat exchangers and two units have plate 
heat exchangers. Ventilation working hours are from 7.30 till 19.30 during the weekdays and from 12.00 
till 15.00 during the weekends. Figure 3.16 illustrates some of the renovation works done.

Figure 3.16: Thermostatic valves were installed (left) modern heating substation (right)

Effects of the Renovation
The average supplied heat energy saving per year after the renovation has been about 30 kWh/m2. 

However, since the mechanical ventilation system was installed the electricity consumption has been 
increased by about 12 kWh/m2 per year. Measured energy efficiency of the building after the renovation 
is 125 kWh/m2.

In 2013 energy audit was accomplished for the building. Also a complete monitoring of indoor 
air temperature, relative humidity and CO2 was carried out: see the results from figures 3.17-3.19. The 
measurements showed relatively good conditions for indoor temperature and CO2 levels. The only concern 
was too low relative humidity levels. According to Estonian standard EVS-EN 15251 “Indoor environmental 
input parameters for design and assessment of energy performance of buildings addressing indoor air 
quality, thermal environment, lighting and acoustics”, the accepted level of relative humidity should stay in 
between 25–60%. However, the measurements indicated that the relative humidity levels get as low as 5%.

Figure 3.17: Cumulative diagram for measured indoor temperature

Figure 3.18: Cumulative diagram for measured relative humidity
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Figure 3.19: Cumulative diagram for measured indoor air CO2 concentration

The energy audit concluded that the renovation accomplished in 2005 has remarkably improved 
the indoor climate and energy efficiency of the building. The only additionally recommended energy 
saving measure was to decrease the ventilation supply air temperature from +25°C to +21°C. That should 
additionally save about 4 kWh/m2 of heating energy per year. 

3.2.3 High School

Description of the High School and the Renovation Done
The building has 4 floors and 4662 m2 of heated floor area. The building was completely retrofitted in 2005. 

Figure 3.20 presents the Pae highschool outlook after retrofitting.

Figure 3.20: Pae highschool after the retrofitting

Renovation works included insulation of the entire facade and the roof. Sand lime brick tile walls were 
covered with 150 mm thick rock wool plates as insulation material. For roof insulation 3 layers of fiberglass 
were installed with the total thickness of 300 mm. The heating system was completely renovated. Double-
pipe heating system with steel panel radiators in every room and thermostatic valves was installed. 

Natural ventilation system was entirely replaced with mechanical ventilation system. Altogether 
five separate ventilation units with heat recovery were installed. In addition, exhaust fans are used for 
the ventilation of the kitchen, toilets, chemistry class and some other rooms. Four units have rotor heat 
exchangers and one unit has plate heat exchanger. Ventilation working hours are from 6.00–14.00 during 
the weekdays. Figure 3.21 illustrates some of the renovation works done.

Figure 3.21: Modern heating substation (left) and air handling unit with heat recovery (right)

Effects of the Renovation
The average supplied heat energy saving per year after the renovation has been about 120 kWh/m2. 

However, since the mechanical ventilation system was installed the electricity consumption has been increased 
by about 1 kWh/m2 per year. Measured energy efficiency of the building after the renovation is 139 kWh/m2.

In 2013 energy audit was accomplished for the building. Also a complete monitoring of indoor 
air temperature, relative humidity and CO2 was carried out: see the results in figures 3.22-3.24. The 
measurements showed relatively good conditions for indoor temperature and relative humidity; however, 
in several classrooms the CO2 level exceeds 1000 ppm for long periods of time, which is unacceptable. 
Therefore, one of the suggestions of energy audit was to increase ventilation rates, which is possible 
with current ventilation units as they are used at half speed. This measure increases energy consumption, 
but first of all good indoor air quality has to be ensured. According to Estonian standard EVS-EN 15251 
“Indoor environmental input parameters for design and assessment of energy performance of buildings 
addressing indoor air quality, thermal environment, lighting and acoustics” the accepted level of relative 
humidity should stay in between 25–60%. However, the measurements indicated that the relative 
humidity levels get as low as 5%.

Figure Figure 3.22: Cumulative diagram for measured indoor temperature
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Figure 3.23: Cumulative diagram for measured relative humidity

Figure 3.24: Cumulative diagram for measured indoor air CO2 concentration

The energy audit concluded that the renovation accomplished in 2005 has improved the indoor climate 
and energy efficiency of the building by a lot. Additional energy saving measures were also suggested: 
lowering indoor air temperature during night and weekends, replacing current windows (U≥1.7 W/m2K) 
with more energy efficient ones and also replacing ventilation heat exchangers with more efficient ones. 
Total energy savings might be as much as 64% with night time and weekend temperature lowering and 
installing new windows as the largest possible contributors.

Potential Use of Renewable
All buildings have a theoretical potential for solar thermal as well as PV panels. However, as during the 

summertime the building is almost unused integrating solar energy has not been considered.

3.3 Energy Efficiency in Building Renovation:  
Cases of Finland

Description of the Project Areas, Historical Background
In order to allocate the mass of people moving to the cities from the Finnish countryside in the 60’s 

and 70’s, large residential areas were built using pre-fabricated concrete elements. This technology, that 
is, the use of industrially made concrete sandwich elements, made it possible to build in short period of 
time housing for hundreds of thousands families.

In order to make the process fast and economically feasible, standardized solutions (layout, floor plans) 
were implemented in all the new housing areas. Due to this fact, the problems which appeared in those 
buildings after 30–40 years of service are very similar. During the past few years, the number of housing 
estates in need of integral renovation has increased all over Finland. 

The most common features of such buildings were:
 ¡ linear multi-family blocks with staircases serving 3-4 apartments
 ¡ 3-storey buildings with no elevator or 5-8 storey buildings with elevator
 ¡ common spaces and services in the ground floor and/or basement
 ¡ facades composed of modular elements (usually repetitive)
 ¡ double windows with 3 glass panes (2 + 1)
 ¡ modular balconies for all apartments of more than one room (earlier versions of this type of 

buildings did not include balconies at all)
 ¡ flat roof (non-accessible)
 ¡ common laundry and drying room/s
 ¡ common sauna (electrically heated) with showers and dressing room
 ¡ shower rooms with no shower plate (the floor has a slope towards the drain)
 ¡ bathrooms with bathtub were built applying the same principles as in case of the shower rooms
 ¡ floor drains in every bathroom

The most common technologies used in those residential buildings were:
 ¡ central heating and DHW
 ¡ heat provided by district heating network through building-based heat exchangers
 ¡ in some cases the whole estate would be served by its own boiler (fuel oil)
 ¡ water-based radiators in all rooms and common spaces
 ¡ mechanical extraction of exhaust air
 ¡ fresh air intake through window frames or vents on facade
 ¡ no heat recovery
 ¡ electric stoves in kitchens
 ¡ no extractors in kitchens

The new energy efficiency requirements are putting pressure on the building owners to improve the 
energy performance of the buildings. This is planned to do in connection with the other refurbishment 
measures required. The building elements in greatest need of upgrading are the piping (cold and hot 
water, drainage), the heating system including thermostatic regulation, the windows and balcony doors, 
and the ventilation system. An integral renovation intervention can introduce energy efficiency measures 
to comply with present regulations.

We are presenting several examples of large-scale renovation of residential areas. The areas described 
below are located in the Helsinki region: one rental housing estate in the eastern part of Helsinki: a 
residential suburb in the city of Riihimäki, and a mixed residential area (Maunula) in northern Helsinki. All of 
them are representative of the building stock of the period previously described, and therefore the solutions 
implemented can be easily replicated in other parts of the country, where there are plenty of similar buildings.
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3.3.1 Objectives of the Renovation Projects

Rental Housing in Laajasalo, Helsinki (456 apartments)

 
Figure 3.25: Rental housing in Laajasalo, Helsinki

The buildings in the city: rental housing estate of Reiherintie 7-9 and adjacent streets in Laajasalo, 
Helsinki (Figure 3.25) are a good example of the housing production of the late 1960’s. Their general 
layout is typical of the period: the linear blocks have different heights due to the topography of the area. 
They are located according to a perpendicular grid, with large open inner courts, used as playgrounds 
and green spaces for the residents. The density of this housing area is low by many European standards, 
as there is plenty of free space.

The buildings have sets of staircases, with access from the east and north sides, and balconies on 
the south and west facades (Figure 3.26). They have flat roofs, concrete bearing wall structure, and their 
facades are made of prefabricated sandwich elements with a washed concrete finish. In all other senses 
they have the same features as explained earlier.

The main problems that lead to the integral renovation that started in 2007 were:
 ¡ The piping, from both heating and water, was in poor condition and had to be replaced. 
 ¡ The facade elements had serious problems, common to this type of structure: insufficient insulation 

of both walls and windows, decay of the element joints and deterioration of the outer surface of 
the sandwich elements due to aggressive weather conditions.

 ¡ The roofs had insulation and weather coating problems, and needed urgent repair.
 ¡ Half of the buildings didn’t have elevators, creating severe mobility problems to an increasingly 

ageing population.

Building rights of plot:
0.5 > 0.6 m2/m2

Buildings with new balconies

Buildings with additional floor

New buildings

Figure 3.26: View of the staircases and balconies of one side of the building

The measures required for the renovation of these elements required partial demolition of fixtures and 
tiling in existing bathrooms and kitchens. Therefore, it led to the renovation and upgrading of bathrooms 
and kitchens, changing the windows and balcony doors, adding insulation to the facades and roofs, and 
repairing the bearing structure of the balconies.

The ventilation system of all buildings was upgraded installing mechanical ventilation units with heat 
recovery (see Figure 3.27, efficiency of 55–75%). The heating and DHW is provided by the CHP district 
heating network through an efficient central heating substation, from where the heat is distributed to 
the buildings through local piping. All water-based radiators have thermostats that are regulated twice a 
year by the maintenance services.

Figure 3.27: Ventilation heat recovery system with efficiency 55–75%

Given that the outer pane of the sandwich elements and the existing insulation were not in poor 
condition, the existing facade was covered with ventilated external insulation and plaster rendering 
(see Figure 3.28). This improved the U-value of all facades (from 0.40 to 0.17). Also roofs got additional 
insulation, going from a U-value of 0.35 to 0.09. The new windows have a U-value of 1.00.
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Figure 3.28: Insulation sample

An important strategy, also replicable in many similar housing areas, was to increase the density of 
the area in order to subsidize part of the integral renovation project and to improve the accessibility of 
the existing apartments. The solution adopted was to add one extra floor to the lower blocks (with no 
elevator), and to build two separate blocks within the same grounds. The addition of one floor (altogether 
54 new apartments) allowed introducing new elevators in the lower blocks, and the extra buildings  
(51 apartments) increased the income from tenants rent. 

The structure of the additional floor is very light, in order not to burden the existing structure and 
to set up a clear difference with the existing floors. Also common spaces (laundry, saunas), gardens and 
playgrounds were renovated and upgraded in the same intervention. It is important to stress that this 
project was possible thanks to a careful feasibility study and a bold intervention in the whole estate. 
The final results are very satisfying, and the quality of the area has improved considerably. Figure 3.29 
presents the common view of buildings.

Source: Ulpu Tiuri, architect (October 2012).

Figure 3.29: Common view of new apartments

Social Housing Building in a Suburb of Riihimäki
The city-owned social housing block (see Figure 3.30), located in the Peltosaari suburb of Riihimäki in 

Southern Finland. The building had been decaying for the last years, which decreased its market value 
and also created social problems; it needed urgent renovation.

Figure 3.30: Social housing building block in a suburb of Riihimäki

As the previous case, the facade of this building was made of concrete sandwich elements. In this 
case, the poor condition of the insulation and the outer pane of the sandwich elements called for their 
demolition and substitution. A more radical intervention was proposed, by introducing a timber-framed 
TES-facade (see Figure 3.31), which incorporates not only insulation and windows, but also ventilation 
ducts and the first layer of facade rendering. 

Figure 3.31: Timber-framed TES-facade

The solution to be implemented was the winner in a competition (Innova refurbishment), and it 
stressed the importance of a fully industrialized prefabricated new facade, achievable at a reasonable 
cost (feasible). The project was funded by Sitra, the Finnish Development Fund, and monitored by VTT, 
the Finnish Technology Institute.

The multi-storey building of 33 rental apartments and a daycare center, constructed in 1975, were 
renovated through this intervention to Passive House requirements, where the heating energy demand is 
25 kWh/m2a. The renovation included new doors and windows, balconies, additional thermal insulation, 
and new mechanical ventilation with efficient heat recovery (rotating heat exchanger). Good indoor air 
quality is guaranteed by the filters in the ventilation units.

The building envelope was scanned with a thermal camera to detect heat losses (see Figure 3.32). 
It was also measured by laser scanning and modeled for dimensioning the new facade elements that 
were going to be manufactured at a factory. The finished elements were going to be transported to the 
building site and lifted vertically, as each element had a height of four full floors (12 m). This method was 
going to reduce the construction time down to 5 months, which is half the time it took to complete the 
renovation of similar buildings in the suburb of Peltosaari.
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Figure 3.32: Results of a thermographic analysis

Also the flat roof in the building needed repairs and additional insulation to meet the energy efficiency 
standards. Transforming the flat roof into a timber framed tilted roof with eaves was a challenging 
operation, as it should be protected from the weather (rain, frost, snow) at all times.The spaces under the 
new roof have been used for the ventilation ducts and to accommodate the technical equipment of the 
ventilation units. 

The new windows, with two double glazing panes, argon fill and selective film, have a U-value of  
0.66 W/m2a. The balcony doors have triple glazing, argon filling and selective film. The old reinforced 
concrete balconies were demolished and replaced by steel-framed balconies. In figures 3.33 and 3.34 
demolition of old insulation is shown.

Figure 3.33: Demolition of old insulation and outer pane of facade

Figure 3.34: Demolition of old insulation and outer pane of facade 

The new mechanical ventilation system is centralized, for easier maintenance and to guarantee a better 
indoor air quality, as the filters should be changed 2-3 times a year, which would be nearly impossible if 
they had individual units in each apartment. 

Prior to the renovation, the central heating and hot water of the building was produced with electricity. 
During the renovation the building has been connected to the CHP-based district heating network to 
provide DHW. The original space heating was provided by electric radiators, which require no piping. 
Therefore, in order to avoid severe intervention in the concrete building structure, the electric radiators 
have been left and not replaced. 

Weather protection during demolition and installation of new structural elements of the building’s 
envelope has been provided and carefully planned. The importance of weather protection during the 
demolition, storage and assembly process is very high, as any rain or condensation accumulated during 
the process will lead to moisture damage and subsequent appearance of mold. Therefore, the roof was 
protected with a temporary tube structure (see Figure 3.35) covered with a canvas, after which demolition 
of the existing waterproofing and thermal insulation could be performed. 

Figure 3.35: Protected roof structure with a temporary tube structure

The new roof elements, incorporating timber trusses and the timber roof slab, were lifted by a crane 
and mounted on the dry roof base, where new insulation and ventilation ducts had been installed on the 
floor (previous roof ) of the new attic. The new roof elements provide immediate weather protection and 
speed up the finishing phase  (see Figure 3.36).

Figure: 3.36: The new roof elements and ventilation ducts
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Figure: 3.37: Phases of full renovation with TES facade elements (source: arch. Kimmo Lylykangas)

Figure 3.38: Building after full renovation with TES facade, new balconies and new tilted roof  
(source: arch. Kimmo Lylykangas)

3.3.2 Grouped Building Renovation (GBR)  
to Improve Energy Efficiency in a Feasible Way

Due to the aging process of residential buildings, their piping systems require renovation. This 
concerns bathrooms, kitchens and heating systems that are based on warm water circulation. Buildings 
can be renovated either individually or in groups. The latter solution is briefly described in Figure 3.39.

Figure 3.39: Schematic map of GBR in Maunula, Helsinki, with buildings of different periods and showing building 
ownership (Source: Eino Rantala, Ekosto)

Why grouping?
Grouping the renovation needs of various buildings of the same type and age would reduce overall 

costs. Grouping can be applied to procurement of energy audit, project management, conceptual 
planning, engineering and project implementation and supervision.

Working as a group strengthens the position of the inhabitants against the bidders/constructors. The 
group has more resources than the individual in relative terms to organize studies, bidding, building 
design and project supervision. The most common objects of such renovation are indoor works in 
apartments (kitchens and bathrooms), and common spaces (laundry rooms, cold storage rooms, bicycle 
rooms, saunas, outdoor lawn and parking places). Energy efficiency measures can be included in the 
above mentioned categories, as they can be implemented simultaneously.

The renovation needs may also comprise building envelope (windows, roofs, outer walls, outer doors), 
and utility supplies (water, heating, sewage, electricity, ventilation).

The Maunula district in Helsinki was developed mainly during the 1950’s and 1960’s. The buildings in 
the area were constructed by a small number of companies. Therefore, the buildings can be allocated to 
standard types according to the constructor. 

Grouping of buildings of the same type and age makes sense, as the bidding for rehabilitation becomes 
large, thus attracting big players and enabling heavy competition as well as reducing costs per building 
and inhabitant. In one group rehabilitation case in Maunula, about 10% of costs were saved compared to 
bidding done by each building individually.
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The estimated savings due to grouping development (GBR) were about 10%, compared to the 
individual approach, with the following breakdown:

 ¡ repairs: 2.5-3.0%;
 ¡ emptying the apartments: 2%;
 ¡ type of contracting: 3.5%;
 ¡ undercutting the initially set target price; the savings were shared between the contractor and 

the inhabitants in the ratio of 50/50. 

When planning the GBR project, all inhabitants of the selected group of buildings were invited to 
a large meeting for information sharing regarding the prevailing willingness to various rehabilitation 
measures to be considered for bidding. The contact information of participants, indicative costs estimates 
and time schedules of various rehabilitation measures would be shared amongst the participants.

Figure 3.40: One of the buildings constructed in 1960’s at the completion stage of grouped rehabilitation in Maunula, 
Helsinki (Photo: A. Nuorkivi)

Barriers to Energy Efficiency Implementation
Renovation of kitchens and bathrooms is rather easy to manage as such facilities belong to the 

immediate circle of interest of the inhabitant/owner.
Many energy efficiency (EE) improvement measures, however, are rather difficult to materialize due 

to the long pay back times. Expensive EE measures remain undone, as there are no financial resources to 
extensive renovation that would cover both piping end energy efficiency.

Home owner associations have different interests. Inhabitants, for instance, are of different ages: older 
inhabitants are not interested in investing in the long term, while the young ones usually face financial 
barriers.

Economically, however, the energy efficiency measures should be investigated and implemented 
together with other large rehabilitation projects, such as piping rehabilitation.

In the case of Maunula, an energy audit was carried out, which suggested a number of EE measures 
to be implemented. For financial reasons, however, most of them remained undone. The costs of the 
piping renovation already faced the affordability of many inhabitants. Investments on EE measures would 
have had a substantial increase in the financing needs, and that was not accepted by the inhabitants, 
regardless any payback time expectations related to such investments.

Risks and Risk Mitigation Measures
In case the winning bid price is much lower than the competitors’, the home owner association shoulld 

request additional information about the background, so that the public responsibilities (taxes, retirement 
fees, etc.) and material supplies can be secured.

The main constructor shall be fully responsible for its subcontracting. The subcontracting chains 
should not be long in order to maintain the responsibility chain unbroken.

Group Rehabilitation Potential in Finland
There are about 90 000 building blocks and detached houses in Finland, with an approximate total 

of 1.1 million apartments. There are 77 000 home owner associations owning the buildings. For group 
rehabilitation, about 500-1000 groups could be created, some 5-8 buildings each, and that would cover 
about half of the total buildings stock. The replication potential of this solution is therefore considerable.

Source of information: Eino Rantala: Energiatehokkuuden kasvattaminen ryhmäkorjausmallilla, 
Energia yhdyskunta-suunnittelussa – lecture on the Energy in Urban Planning course organized by Aalto 
PRO on 22.11.2011, as a part of Intelligent Energy Europe funded UP-RES project.

3.3.3 Implemented Measures and Expected or Measured Results

Rental Housing Estate in Laajasalo, Helsinki
The measures implemented have been described in chapter 3.3.1. and they all have a significant 

impact on the energy performance of the renovated buildings. The expected reduction in energy 
consumption can vary, depending on the actual behavior of the tenants (with an impact of +/- 30%), but 
the improvement of the insulation levels of envelope, windows and roof (in average 40%) and the more 
efficient mechanical ventilation (individual systems, 1 air handling unit per apartment) with heat recovery 
are a good starting point.

The renovation project was finished in 2011 and there are no monitoring results yet, but the annual 
heating, electricity (used in running the services and in common spaces), as well as water consumption 
data of all buildings can be available from the housing management company. The electricity consumed 
by the tenants is not centrally recorded; therefore this part of the energy efficiency palette cannot be 
checked.

Social Housing Block in Riihimäki
A better energy performance of the whole building, targeted to meet the Passive House standards, is 

achieved by the improved insulation levels of the envelope (exterior walls = 0.1, roof = 0.08) and a highly 
efficient heat recovery in ventilation (75%). The use of very efficient windows (U = 0.66) contributes to 
improve the energy performance of the envelope.

Energy simulation of the building was carried out by VTT using IDA-ICE software. According to the 
simulation, the building’s energy demand is reduced by 75%. Also the performance of the new wall 
structure is being monitored by VTT after the completion of the building’s renovation. The target level for 
air-tightness is 0.6 l/h or less.

The high degree of manufacturing in all new structural elements contributes to radically shorten the 
construction time, which can thus be reduced to 50% of the standard in Finland for similar renovation 
projects. Industrialized construction also guarantees a better quality control, less waste, a reduction of 
faulty assemblies, and prevention of moisture damage during installation.

Potential Use of Renewables
These projects have not introduced the use of any renewable energy sources, but a later addition 

of pv-panels might be possible on the roofs of the blocks running east-west in the Laajasalo area. 
The orientation of the Riihimäki building does not provide an adequate roof surface for the eventual 
installation of pv-panels. In either case it is not sensible to use solar thermal systems, as the existing CHP-
based district heating has already an efficiency of over 90%.
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3.4 Cases of “Million Program”  
Areas Renovation in Sweden

Introduction
The Swedish cases describe the retrofitting process of three energy efficiency projects of multi-

dwelling buildings located in Stockholm, Malmö and Umeå. The first case presents a retrofitting project 
conducted in 2011 as a part of Sustainable Järva, led by Stockholm Environment Administration. The 
other two examples include renovation of the residential area Ålidhem in Umeå and Rosengård in Malmö. 

Dwellings within three urban areas were built as a part of Swedish Million Homes Programme between 
1965–1974. The aim of the programme was to build 100 000 dwellings each year for 10 years to satisfy the 
demand for residence at a reasonable price [4].  In result about 1 006 000 new dwellings were built. These 
types of buildings constitute 25% of all buildings in Sweden [38]. Their equivalents build in Europe in the end 
of 60s beginning of 70s house more than 200 million people [26]. Million Programme buildings especially 
those build in 1960s have high demands for energy consumption with 220 kWh/m2 being 30% more than of 
new building [18].  Besides energy issue the buildings are old and in urgent need of renovation.

The Swedish Delegation for Sustainable cities, appointed by the Swedish Government to work with 
sustainable development of cities, urban communities and housing areas, has financially supported 
three energy efficiency projects [37]. The Delegation was assigned with 340 million mainly to be used for 
implementation of climate and energy-efficiency improvement measures in the houses [39].

Increase in demand to improve energy efficiency of houses in Sweden was stipulated by the target set 
up by the Swedish Parliament to halve energy consumption in Swedish homes by 2050 [27]. Also, taking 
the experience of the earlier projects and investing in energy-efficient constructions with the purpose 
to demonstrate technical solutions, the government has a target to make the houses from the Million 
Homes Program the most energy-smart buildings in the next 20 years.

3.4.1. The Five-year “Sustainable Järva” Project

Description of the Project Area
The five-year “Sustainable Järva” project is a part of the work of renovating the urban areas in Järva. 

The project is a part of “Järvalyftet” focusing on the topic “Good housing and diverse urban environment” 
where three main aspects as environment, climate and energy are considered.

Järva, located in the northeastern outskirts of Stockholm, is one of the suburban areas built within 
the Swedish Million Homes Programme between 1966 and 1980. The northern part of the area include 
districts Akalla, Husby and Kista, while southern Järva consists of districts Hjulsta, Tensta and Rinkeby 
(Figure 3.41). The area is populated with 60 000 residents living in 25 400 apartments, 700 single-family 
houses, and 221 terraced houses [34]. 

Figure 3.41: 1 Järva suburban area with six residential districts surrounding the large green area called Järvafältet [35]

Currently, around 80% of the Järva population are immigrants, 50% of which are unemployed [34]. 
Besides social problems, there is now a great need for improvement of the physical environment [31, 14].
The needed refurbishment of the housing stock includes replacement of steams, renovation of balconies, 
facades and staircases, as well as the  improvement of courtyards and pathways [20].

Together with planning for retrofitting the City of Stockholm initiated cooperation, called “Järvalyftet”, 
where authorities, agencies, property owners and residents work in association to address both physical 
issues and social problems within the area. The focus of “Järvalyftet” was decided by the City Council on 
September 2007 and on October a target has been set up by the political steering group. The turning point 
of the initiative was the wide cooperation between various actors. In the autumn of 2008 large number 
of meetings, dialogues and discussions with politicians, companies, associations, government agencies 
and most of all with residents were initiated. To develop and concretize the project target the City Council 
adopted “Vision Järva 2030” in April 2009, where the ideas emerged during dialogues and discussions 
were presented to create the holistic picture for the future work [41]. Vision Järva 2030 is a long-term 
investment intended for social and economic development as well as general improvement of living 
conditions of the six city districts within Järva. The work focuses on four main areas: good housing and 
diverse urban environment; community safety; improved education and language teaching; increased 
business activity and jobs opportunities. Vision Järva 2030 is coordinated by the City Council. The work 
is led by two steering groups; a political steering committee that works as a forum for information and 
anchoring the project work, and an operational steering group that enforces the City Council’s decision. 
At the lower official level there is also a group that partly serves as a panel for the operational steering 
group. Participants, in addition to the Vision Järva project management, are: representatives of the city 
Development administration, the Environment administration, the Traffic administration, and the Planning 
administration. The presented model, where the project is coordinated by two steering committees on 
the political level, is not common and is claimed to be an advantage of the presented initiative [20].

Aims and Objectives of the renovation project
The project “Sustainable Järva” adds environmental aspects to the broader Vision Järva, consisting 

in measures within five areas: energy efficiency, renewable energy, sustainable transports, information 
and participation and monitoring and evaluation. The project is lead by Stockholm environmental 
administration and has several participating partners. “Svenska Bostader”,  the largest municipal property 
company in Stockholm owning around 5500 apartments in the Järva area [36], will improve energy 
efficiency of 350 homes in the Järva area until the end of the project in 2014. The experience gained from 
the project will influence the future renovation of 5000 homes in the Järva area by 2022. The target is 
to reduce the energy consumption by 50%, from 180 to 88k Wh/m2 and to introduce renewable energy 
sources in the area. Other participating partners in the “Sustainable Järva” project are the City Traffic 
and Waste Management administration, Rinkeby-Kista district administration, Spånga-Tensta district 
administration, and Stockholm City Museum.

Figure 3.42 shows the location of the apartment blocks included in the “Sustainable Järva” project. 

Figure 3.42: Apartment blocks intended for renovation within the “Sustainable Järva” project  
(Source: Mijöförvaltningen, Stockholms stad)
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Three types of houses were identified as the most common types in the area (Source: Mijöförvaltningen, 
Stockholms stad): 11-12 storey high-rise slab blocks in Akalla (Figure 3.43); 5-6 storey balcony-access 
blocks in Husby (Figure 3.44); and 3-storey blocks in Rinkeby (Figure 3.45).

Figure 3.43: Sibeliusgången 2 in Akalla before and after renovation, finished in autumn 2012 (Source: Mijöförvaltningen, 
Stockholms stad)

 Figure 3.44: Trondheimsgatan 28 in Husby before and after renovation, finished in 2011 (Source: Mijöförvaltningen, 
Stockholms stad)

Figure 3.45: Gärdebyplan 16 in Rinkeby before and after renovation done by spring 2012 (Source: Mijöförvaltningen, 
Stockholms stad)

The aim of reducing the energy consumption by half includes reducing the energy demand for 
heat, hot water and building electricity by technical measures. Additionally, the project’s target is to 
reduce household electricity by 10%. Within the scope of the project, “Svenska Bostäder” is going to 
test two different renovation techniques: traditional on site renovation and fitting prefabricated facade 
elements. After the completion of the project in 2014 the two methods are going to be evaluated 
from an environmental, economic and aesthetic perspective to ascertain the best solution for future  

renovations [26]. If methods prove to be energy and cost efficient they could be further deployed for 
other Million Programme homes both in Sweden and Europe [26].

The aims of the project are presented in Annexes 6-8, divided into the target areas: energy efficiency, 
renewable energy, sustainable transports, and information and participation. 

Implemented Measures and Results from a Pilot Building
In 2011 one of the first buildings included in the “Sustainable Järva” project, Trondheimsgatan 

28 in Husby (Figure 3.44) was finished and in April 2011 the first tenants moved into the renovated  
apartments [36]. Trondheimsgatan 28 is a part of the housing block Trondheim 4 and is a typical house 
from Million Homes Programme projects built in the beginning of 1970. The housing block consists of 
four buildings surrounding a yard, originally designed as a balcony access block. 

“Svenska Bostäder” decided to start the renovation project with the given housing block in order to 
get an example case to refer to in their further work. Since the building had been empty since 2005 due to 
a fire, “Svenska Bostäder” had the opportunity to make an extensive renovation of the building to achieve 
the standard of new buildings. 

The renovation measures included substitution of the general entrance balcony with individual one 
for each apartment. This made it possible to dismantle the balcony elements and put additional insulation 
on outer facade even behind new balcony plates. The main reason however behind this change was safety 
issues, since most of the dwellers claimed that access balconies feel unsafe. Since the access balconies 
were replaced with regular balconies, a second stairwell and the elevator had to be installed. This in turn 
changed the general layout. “Svenska Bostäder” took this opportunity to include more 1- and 5-room 
apartments of which there is a high demand in the area. 

In total the following measures were applied at renovation Trondheimsgatan 28: additional insulation 
of facade with 100 mm; installation of a plate heat exchanger (81% efficiency); new stairwell – access 
balconies were substituted with individual balconies; new windows (U-value 1.1) and entrance doors 
(U-value 2.5); new double-pipe system was installed for heat: new radiators; new system for tap water; 
entrances and stairwell were equipped with LED-armature controlled by time and presence detectors; 
outdoor lightning controlled by time and presence detectors; broad band outlet for internet, TV and IP 
connection; entrance gate equipped with intercom; pass control system was installed for entrance doors, 
apartment doors and general premises; new elevators; halogen free electrical appliances and power lines.  

Assessment of the renovation results both quantitatively and qualitatively is ongoing. KTH and 
Umeå University have developed a template for reporting building energy performance before and 
after renovation. Monthly consumption of heat, cooling, hot water, building electricity and household 
electricity is reported in the template. The yearly consumption is presented in both kWh/m2 and  
kWh/capita. This method of reporting makes it possible to compare the outcome of different renovation 
projects. 

Qualitative evaluation of renovation measures was based on social opinion. The residents were 
questioned about effectiveness of measures and how did they like changes in design, perception of 
safety and comfort that were stipulated by those measures. The assessment is done by questionnaire 
survey of residents. “Svenska Bostäder” sends a questionnaire to dwellers 6 months after moving in and 
again in 2 years after renovation completion. The results of the questionnaire will be analyzed in 2013. The 
participation of householders in the process has contributed to the design and coloring of the facades. 
The switch from gallery access balconies to individual balconies was partly due to a desire of higher sense 
of security in the area.  

The independent inspection of the building was performed after the renovation and a certificate of 
Green Building (Miljöbyggnad cetrifikat) was assigned. It is a Swedish certification system for new and 
renovated buildings that assesses values of such parameters as energy; heat; types of energy; noise; 
radiation level; ventilation and outdoor air quality.   

Potential Use of Renewables
“Sustainable Järva” project has a goal to reduce the share of purchased energy for hot water and 

space heating by increasing the energy input from renewables. It is planned to install 1000 m2 of building 
integrated solar panels of high efficiency producing 200 MWh/year [12]. Reduction of purchased energy 
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for electricity is planned due to installation of solar cells. The National Board of Housing, Building and 
Planning (Boverket) has granted Stockholm its support for developing the largest solar system network 
in the country. Around 10000 m2 of solar cells – equal to one and a half football fields - are planned for 
installation on approximately 40 buildings in the area. The ambition is to make Järva the most solar dense 
neighborhood in Sweden with the support of all housing companies within the – “Svenska Bostader”, 
“Stockholmshem”, “Familjebostader” and “Fastighetskontoret”. The cumulative effect of installation is 
estimated for 1.4 MWp with the outcome of 1.3 GWh/year. The estimated costs of the initiative is around 
35.5 million SEK (around 4.2 million EUR) [23]. In the Table 3.6 the share for different municipal companies 
in installation of sollar cells and expected energy production are presented.

Table 3.6: Planned initiatives of municipal housing companies on solar cells installation in the area [23]

Municipal Housing 
Company

Number of buildings Area covered with 
solar cells, m2

Estimated energy 
production, kWh/year 

Peak kilowatt output, 
kWp

Svenska Bostäder 14 2100 270 000 300

Familjebostäder 12 2730 351 000 390

Stockholmshem 12 1700 218 571 243

Fastighetskontoret 4 3200 411 429 457

Total 42 9730 1 251 000 1390

Another goal of the initiative is to test the performance of installation and get the database with 
results of electricity production in the Nordic condition. On a long run this could be an example for similar 
initiative that could tell how much of electricity could give a certain system installed on a building’s roof 
in a particular way [32]. A system of monitoring for assessment of electricity production and evaluation 
the cost effectiveness of installation will be developed [12].

3.4.2 “Sustainable Ålidhem”, Umeå

Description of the Project Area
The five-year renovation project “Sustainable Ålidhem” commenced in 2010 is a case of renovation of 

Million Homes Program area in city of Umeå. With financial support from the Delegation for Sustainable 
cities and inputs from numerous contractors the Ålidhem dwelling area will be transformed into a 
sustainable neighborhood utilizing solar cells and demonstrating innovative insulation methods.

Ålidhem is a residential area in Umeå (Figure 3.46) that was built between 1966 and 1973 as a part of 
the Million Programme. It is located around three kilometers from the city center and has in total 6000 
residents large part of which are students from Umeå University [42]. Most of the housing blocks in the 
area belong to the rental sector. It is a multinational area with representatives of many different cultures 
and languages. 

The project area “Sustainable Ålidhem” is located in the South-East part of Ålidhem residential area 
and covers Matematikgränd and Geografigränd. It includes 405 existing apartments and 137 newly built 
apartments that replace the buildings that burned in 2008. Around 1000 people that make up 1% of the 
total population of Umea Municipality live in the area [15].

Figure 3.46: Ålidhem residential area in city of Umeå [1]

Since the houses in the area were built in the end of 60’s beginning of 70’s before the tightening of 
energy standards the energy use of the buildings is rather high 200 kWh/m2 a year. The buildings energy 
supply is provided by district heating which is made up by 97-99% of fossil-free energy sources [15]. 

“Sustainable Ålidhem” is a holistic approach towards improvement of living, social, economic and 
environmental conditions of the urban area started in 2010 within the application “Ålidhem – sustainable 
cultural district”. The later included both renovation measures that were financed by Delegation for 
Sustainable Cities, and commonly referred to as project “Sustainable Ålidhem”, and initiatives within Ålidhem 
district for communication and metering that were supported by other funds. This extensive metering project 
lead by Umeå University and interconnected with technical project objectives was also commenced in 2010. 
As in case with “Sustainable Järva” the communication plan to involve residents and other stakeholders 
in participation and co-creation activities was developed. The project is led by Umeå Municipality. The 
management of the project consists of one steering group involving  energy company “Umeå Energy AB”, 
Umeå’s municipal property company “Bostaden i Umeå AB” and Umeå Municipality itself [15].

Aims and Objectives of the Renovation Project
The project goal is to transform Ålidhem into a sustainable residential district by reducing the energy 

consumption and creation of safe and comfortable environment. According to the application, the main 
targets of the projects are to reduce the total energy consumption by 50% from 208 kWh/m2 a year to  
104 kWh/m2 a year; to decrease the fossil fuels use and electricity use by 20%; to reduce the hot water use 
by 20%; to reduce the amount of household waste by 40%; to increase the ratio of sustainable travelling  
to/from the area to 55–65% and to increase the perceived democracy, participation and safety in the area [25].

The set of measures and initiatives that are planned within the area to achieve the project goals are 
listed in Annexes 6-9.

The retrofitting measures are going to be performed in several phases during which a certain array of 
buildings is scheduled for renovation (Bostaden; Westerberg, 2013) (Figure 3.47): 

1 Phase 1: Matematikgränd 1–17 (March–December 2012); 

2 Phase 2: Matematikgränd 19–23, Geografigränd 16–20 (January– December 2013); 

3 Phase 3: Geografigränd 4–6, 10–14 (January–June 2014); 

4 Phase 4: Geografigränd 8 (June–November 2014).
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Figure 3.47: Renovation phases of the “Sustainable Ålidhem” project area [25]

Besides the project goal to halve energy consumption, the other reason for renovation of the buildings 
was its physical condition. The buildings were constructed 40 years ago and most of their systems and 
elements were in need of renovation. In this case energy efficient measures were combined with general 
renovation of buildings. The strategy was preliminary discussed with the dwellers. The main concern was 
how improvements will affect the rent. After the dialogue it was decided to go for measures that will 
satisfy the demand of residents for comfortable and safe environment but will not affect the renting price 
significantly [25].

Implemented Measures and Results from Pilot Building
At the first phase of the project Matematikgränd 1-17 was scheduled for renovation. It was decided to 

start with one building as a pilot (Figure 3.48) having 10 apartments in total and compare it to a reference 
house in order to define the most efficient solution to proceed with other buildings.  

Figure 3.48: Pilot house Matematikgränd 9 [2]

In total, the following measures were implemented at renovation of the pilot building Matematikgränd 9 [2]: 
additional interior wall insulation, new radiators and water pipes, fixing of electric systems, new pitched 
roof with a 14 degree slope from initially a flat roof construction, new ventilation system with heat recovery 
(AAHX) from initially a mechanical ventilation without heat recovery, partially new ducts and diffusers, new 
hoods, new balancing, individual metering of domestic hot water usage, improved attic insulation from 
25 cm sawdust to 50 cm loosed filled mineral wool, changing from 2+1 to triple glazed energy efficient 

windows, new surface finishing in the bathrooms, installation of two types of photovoltaic panels on the 

roof, installation of concrete ground slab and horizontal external edge insulation for the frost protection, new 
apartment doors, new wallpapers, changing the outdoor environment through dialog with tenants.

In autumn 2010 the building was equipped with internal insulation, performed by contractor OF 
Bygg. The walls were additionally insulated with mineral wool; 2.8 cm on gables and 9.0 cm on the long 
side. Also in the process a new vapor barrier was installed at a depth of 4.5 cm on the long side. The 
method is referred as innovative since mounting of insulation was done from the inside and not outside 
as traditional (J. Westerberg 2013, pers. comm., 7 May).

Evaluation of the building’s energy consumption after the introduction of measures was performed in 
2011 with equipment provided by Umeå University.  The measured values were compared to the data of 
the reference house: Matematikgränd 7. The reference and the pilot houses are two identical buildings of 
2 floors and 10 apartments located in proximity to each other. Both have the same indoor temperature, so 
their energy usage is rather comparable. For both the reference and the pilot building measurements were 
performed on hourly bases for heat, electricity and temperature during one year. The demand for district 
heating was divided among radiators, ventilation system, hot water and losses from hot water circulation. 
The electricity consumption was accounted for building and household electricity. The temperature 
was measured with 15 minutes interval for half of the apartments, ventilation system and outdoors  
(“AB Bostaden”, “Umea Kommun” and “Umea Energy” 2012). The results show that renovation project has 
almost reached the goal to halve energy use of the building. Improvements in energy efficiency of the 
building after renovation compared to the reference building are represented in Table 3.7.

Table 3.7: Energy performance of the pilot building Matematikgränd 9 after renovation compared to the reference house 
Matematikgränd 7 (“AB Bostaden”, “Umea Kommun” and “Umea Energy” 2012)

Total energy consumption of buildings, kWh/Atemp

Reference Pilot

Radiators 68.6 58.5

Ventilation 35.5 3.3

Hot water circulation losses 31.2 6.9

Hot water 33.9 26.9

Household electricity 28.1 19.9

Building electricity 8.4 9.9

Solar electricity -11.00

Total 205.8 114.4

Improved energy efficiency 44.4%

This evaluation together with economic calculations and dialogue with dwellers allowed municipal 
property company “Bostaden in Umea AB” to choose the most sustainable, cost-efficient and reasonable 
measures from the residents‘ point of view to improve energy efficiency of different buildings. Thus, for 
example 10–15% savings from the transmission doesn’t substantiate large investments in this project. As 
a result it was decided that internal insulation will not be performed on a large scale for other buildings 
in Ålidhem area. The list of alternative solutions that could be applied to several buildings in a row was 
discussed and approved by the experts from the National Board of Housing Building and Planning 
(Boverket).  The main idea is to test and compare energy and cost efficiency of different installations in 
the area using the fact that most of houses in the area are identical [15].

After evaluation of results some underestimates and discrepancies with predicted values were 
defined. The cost of the renovation was underestimated partly due to a prolonged production in order to 
get the building as airtight as wanted [15]. On the other hand the energy savings is higher than the initial 
calculations due to the insulation method that was used.  
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Use of Renewables
In May 2011 two autonomous systems of solar cells of identical capacity were installed on the roof 

of Matematikgränd 9. The systems are represented by Crystalline Silicon modules of 7.92 kW and Thin 
Film modules of 7.92 kW, giving in total 15.84 kW capacity. Modules were installed on the roof on 
aluminum profiles. The roof has an inclination of 140 and is oriented towards west (Figure 3.49). Modules 
are connected to two identical three-phase inverters. The two systems are arranged in such a way that 
makes it possible to compare their performance [3]. The cost for Crystalline Silicon modules was 274 
thousand SEK (33 thousand EUR) and for CIGS Thin Film System 334 thousand SEK (around 40 thousand 
EUR) including all components and installation work. However, both systems were built in 2011 and since 
then the prices have gone down considerably. At present the systems costs could be almost half of those 
two years ago (M. Andersson 2013, pers. comm., 19 March). 

Figure 3.49: Two systems of solar cells - Crystalline Silicon modules to the left, Thin Film modules to the right [3] 

The Crystalline Silicon system consists of 33 multi-crystalline silicon cells. Modules are connected in 
two strands of 16 cells in series, in parallel to 17 cells in series (Figure 3.50). Two strands are connected to 
the three-phase inverter with two separate Maximum Power Point Trackers (MPPT) [3]. 

Figure 3.50: The modules of Crystalline Silicone solar cells with the capacity of 240 W per module [3]

The CIGS Thin Film system consists of 88 thin film copper indium gallium selenide (CIGS) solar cells. 
Modules are combined in 8 parallel strands with 11 modules in series and connected to the three-phase 
inverter with two separate Maximum Power Point Trackers (MPPT) (Figure 3.51). 4 parallel strings are 
connected to each input [3].

Figure 3.51: The modules of the Thin Film solar cells system with the capacity of 90 W per module [3]

The configuration parameters for both modules are presented in Annex 10.

After installation, the performance of the solar cells was evaluated and compared. The time values 
from energy meter that was installed for every system were retrieved and assessed during the period May 
2011–October 2012. According to preliminary estimates the Thin Film modules had 5% higher output 
than Crystalline Silicon system. During the whole evaluation period the total of 9741 kWh of electricity 
was produced by the Thin Film system compared to 9251 kWh delivered by Crystalline Silicone one. 
The yield for the two different techniques varied between 598-622 kWh/kWt for Crystalline Silicone and  
635–656 kWh/kWt for the Thin Film. An advantage of the Thin Film system is also that modules are divided 
in 11 parallel strands while Crystalline Silicone are attached only to two coils. Thus the Thin Film module 
is less affected by the shadowing from air ventilation hoses [3].

The obtained values appeared to be lower than expected partly due to no energy output in winter 
when modules were covered with snow and partly because of the shading from air ventilation hoses 
especially in the periods of low sun. The results of evaluation are presented in Annex 10. During the 
second phase that has already started a solar cell system has been installed on the rooftop of one of the 
buildings on Geografigränd. In total around 2800 m2 of solar cells is planned in Ålidhem area [15].   

Renewable energy also composes 98–99% of district heating mix using hydropower, biofuel and wind 
power. The municipal housing company owns 5 wind power plants providing 50% of electric energy for 
buildings. 

3.4.3 “Sustainable Hilda”, Malmö

Description of the Project Area
“Sustainable Hilda” is an investment initiative for ecological and social sustainable renovation of 

residential area Rosengård in Malmö. Being a part of an overarching project “Sustainable Rosengård”, 
it focuses on energy efficiency, renewable energy, water consumption, transportation and lifestyle 
improvement in the area with 16 residential buildings built under Swedish Million Homes Programme 
and owned by the second biggest housing cooperative in Malmö – “HSB BRF Hilda”. “Sustainable Hilda” 
project is co-funded by Delegation for Sustainable Cities, EU Life Programme within the project “Climate 
Living In Cities Concept” and by Energy Agency’s Client Group for Energy Efficient Apartment Buildings 
(BEBO) that grants money for project evaluation. 

Rosengård residential district (Figure 3.52) is located within 3 km from Malmö city center and includes 
10 areas seven of which are residential. Investments are granted for renovation of buildings and facilities 
in five areas built under Swedish Million Program in the end of 60es beginning of 70es.  Total amount of 
apartments account for 7250, 46% of which (3300) belong to the communal housing company “MKB”, 
28% (2000) are owned by municipal housing companies and 26% with 1950 apartments are privately 
owned. About 50% are three-room apartments followed by two-rooms (32%) and 4-rooms (17%) [11].
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Figure 3.52: The map of Rosengård city district with the ongoing investment projects (www.malmo.se) 

The area is populated with 23 000 people 60% have foreign background. Besides the demand for 
physical rehabilitation other priorities for the area are: to decrease unemployment and improve the 
children’s performance at school, since currently many of them graduate with grades that don’t satisfy 
requirements for entry to gymnasium [11].

In 2011 the investment programme for transformation of Rosengård into sustainable urban area with 
the focus on ecological, social and economic development began. The purpose is to create a global example 
for sustainable urban development through physical renovation of the buildings focusing on energy and 
climate, combination of technical solutions and behavioral change, engagement into participation and 
application of innovative technology (www.malmo.se). To achieve the goal a number of measures funded 
by the Delegation for Sustainable Cities and EU Life Programme and coordinated by Malmö environmental 
administration will be performed until 2014. The planned activities within the project are listed in Annexes 
6-9 [16]. One important part of the process is a dialogue with inhabitants, organizations and businesses 
who are interested in development of Rosengård area. Renovation of the physical environment is planned 
to be used as a testbed for innovative cleantech solutions (www.malmo.se).

Aims and Objectives of the Renovation Project
The transformation of the Rosengård area was initiated by individuals from Malmö’s second biggest 

housing cooperative “BRF Hilda”. In 2008 the board of “HSB BRF Hilda” presented the plan for sustainable 
renovation of its 16 buildings to the City of Malmö. At the same time an ambitious plan for ecological 
and social development of several areas in Malmö including Rosengård was set up. The vision of the area 
with sustainable housing and minor climate impact, created by the cooperative, became the foundation 
for the agenda of “Sustainable Rosengård” project. “Sustainable Hilda” is one of the initiatives within 
“Sustainable Rosengård” project, focusing on energy efficiency, renewable energy, water, transportation 
and lifestyle (www.malmo.se) that is led by the board of “HSB BRF Hilda”.

Housing cooperative “HSB BRF Hilda” includes 16 houses with 767 apartments and 24 000 residents 
making around 10% of Rosengård’s population. It consists of eight nine storey and eight three-storey 
houses located on Lingens väg 4-126 (Figure 3.53).

Figure 3.53: The properties of housing cooperative “BRF Hilda” located in Rosengård area [19] 

The “Sustainable Hilda” project is an extensive investment in environment, energy optimization and 
technical solutions coupled with the member’s commitment and participation of inhabitants. The goal of 
project is to decrease the energy and water use by 40%, increase the share of renewables in energy mix 
by 50%, install building integrated solar cells and start a bicycle pool [13]. In earlier plans there was also an 
ambition to install food waste disposers for collection and further utilization of wastes from households 
as a raw material for biogas production. On a later stage it was decided to substitute this measure with 
some other low-technical solution. 

The goals will be met by renovation of houses and investment in apartments for implementation 
of the following measures [33]: plumbing and bathroom renovation; new energy-saving ventilation; 
replacement of all radiators; façade renovation; new internal walls; PCB sanitation; new fire alarm system; 
environmental investments.

The detailed description of the activities planned within each measure is presented in Annexes 6-9. 

Expected Results of the Planned Measures
The renovation measures are performed in sub-blocks: facade renovation, replacement of radiators, 

PCB sanitation etc. - applied to the whole row of building. This means that all 16 buildings are supposed 
to be ready in the same time. After the buildings restoration is finished the results of applied measures 
will be noticeable in a few years. Before renovation the energy consumption of buildings was about  
140 kWh/m2/year, excluding household electricity, which was the result of low ventilation flows giving 
bad indoor air. In 2008 the water consumption was 146 220 m3 [37]. It is expected that increase in energy 
efficiency by 30% will be achieved in 1-3 years due to balanced ventilation with heat exchanger, installation 
of individual metering for hot and cold water and replacement of radiators. Further reduction of energy 
use by 20% due to installation of solar panels and additional insulation of internal walls is expected in 
the next 3-5 years. Installation of solar cells, solar panels and waste heat recycling will facilitate the 100% 
renewable energy use in buildings in 10 years [6].

Potential Use of Renewables
“Sustainable Hilda” project has a target to reduce the carbon dioxide emission by 50% by 2014 

focusing on buildings’ energy efficiency and increasing the share of renewables for the dwellings energy 
supply. For this reason solar panels and solar cells mounted on the buildings’ roofs are considered for 
implementation. It is planned to install around 350 m2 of solar panels on one or several houses [7]. 
Also 600 m2 of solar cells are thought for installation on the roofs of nine-storey houses producing  
60 MWh/year of electricity. The technology is still on the development stage. Both new and proved 
techniques are going to be tested in Hilda [37]. 
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4. Simulation software 

Introduction
Energy consumption in buildings accounts for a large share of net energy demand. Based on 

International Energy Agency (IEA) estimates, it accounts for one-third of total global energy demand and 
thereby is responsible for one-quarter of greenhouse gas emissions. Improved energy efficiency of the 
buildings by better design and retrofitting is one of the solutions to deal with greenhouse gas emissions 
and growing demand for energy. In this regard, member states of European Union (EU) must apply 
minimum energy performance requirement for new and existing buildings in terms of improving energy 
efficiency. Stakeholders need to take decisions at different stages of implementing energy efficiency 
measures. For decision-making process, computational programs can provide valuable support.

One of the key objectives of ENEF project is exchange and transfer of experiences related to the use of 
different computational programs for calculating energy efficiency, and analysing the impact of different 
architectural or technical solutions in the planning stage on practical level. This objective constitutes 
work-package 4 (further on WP4). Major beneficiaries of this task are urban planners, architects, building 
companies and real-estate owners, as well as engineers.

The strategic focus of WP4 is on existing buildings, built typically in 1960–1980. With the increase in 
importance of energy efficiency, retrofitting is one of the effective approaches to mitigate energy related 
problems and comply with energy efficiency regulations, considering the scale of 40-60 year-old building 
stock. Given this context, WP4 task is carried out through analysis of different computational programs and 
their usability when making decisions in planning stages of energy efficiency measures’ implementation. 
Information provided by project partners is used to collect initial database of computational programs 
besides the tools openly available on world-wide-web. The analysis of computation tools is not limited to 
the context of retrofitting, but also considers the potential implication of energy efficiency measures in 
buildings in general.

From a WP4 perspective, the practical level use of computational programs in the planning stage is 
defined as decision supporting tools in early phases of building retrofitting and construction activities, 
i.e. when the energy efficiency measures to be implemented are being identified and evaluated. The 
word “computational program” in this handbook refers to both dynamic and static calculation programs 
(the distinction between the two is explained in the following sections of this chapter). Based on this 
criterion, the following assumptions were presumed for the analysis of computational programs to draft 
recommendations as a part of this handbook.

1 Target users have access to basic geometrical details about the building like windows surface 
area, total floor area, etc.

2 Target users have basic understanding of technical and economic aspects of energy efficiency 
measures. This assumption is based on the fact that energy efficiency measures and indicators 
vary widely across different countries and disciplines. Moreover, there exist numerous alternative 
indicators for specific measures within each discipline [4]. 

3 There is a very strong co-relation between input data size, complexity of using the data, and 
cost of obtaining and analysing the data in order to use computational programs for decision-
making on practical level during the planning stage. The cost also refers to allocated time.

4 Target users have limited financial resources during conceptual stage of implementing different 
energy efficiency measures. 
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Computational tools are generally used to evaluate the impact of energy efficiency measures, which 
influence overall building energy performance. Energy performance of the buildings depends on numerous 
dynamic factors like climate conditions, behaviour of the occupants, technical performance of local energy 
system and indoor climate requirements. How this dependency is being considered in the development of 
a computation tool differentiates one tool from another. 

Through the screening of available and used computational programs in partner countries, programs 
are grouped into different categories as shown in Figure 4.1. This categorization is made based on the 
analysis of computational tools, considering the objectives of ENEF project. The methodology used 
for finding out the usability of computational tools in early stages of implementing energy efficiency 
measures is described below, based on the assumption listed above. The objective of the classification is 
not to endorse particular computational programs.

The usability of any computational programs primarily depends on the size of input data requirements, 
level of knowledge required to use the program, familiarity of the user with the program, and proficiency 
of the user in terms of acquaintance with different energy efficiency measures in buildings. If the input 
data requirement is high for using the tool, in the case of limited availability of data, obtaining the required 
data implies additional cost (time lapse is also included in the cost). Most importantly, the commercial 
availability of a program – that is, if it must be purchased limits the practical scope of using it, as its use 
would require an upfront investment.
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Figure: 4.2: Parameters considered in simulation programs 

4.1 Dynamic Calculation/Simulation Programs
Dynamic calculation or simulation programs consider the parameters that influence energy 

performance of the building in detail, like climate conditions, building envelope and geometry, as well 
as technical performance of the energy system, within systematic boundaries of the building envelope, 
as shown in Figure 4.2. These programs can be further categorized into commercial and open-source 
simulation tools. Usually, the amount of input data required for using these tools is high. In addition, the 
users require high degree of expertise to use them. 

As earlier study on contrasting the capabilities of simulation programs indicated [3], it is not easy to 
describe these tools using common language, not only in terms of what they can do, but also to determine 
the target users of the tool and their relevance in early design stages of the building in absolute terms. 
However, it is possible to evaluate what they can offer in the early design stages of energy efficiency 
measures implementation in relative terms. The analysis of the most popular simulation tools (capable 
of performing comprehensive energy efficiency) in partner countries is tabulated below (Table 4.1). The 
approach used for the analysis does not attempt to investigate full scale capabilities of each program, but 
rather focuses on how much support each program can offer in early stages of design.

Table 4.1: The analysis of the most popular simulation tools

Program 
Name

Usage Open 
Source

Target groups Input 
data size c

ES
T

FI LV SW
E Architects Building 

developers b
Real estate 
owners

HVAC 
engineers

Riuska x x No x x x High

IDA-ICE x x x No x High

BV2 x x No a x x x x Moderate

BSim x x No x High

a) Estonian users have free access to BV2
b) Often represented by architects or engineers
c) Data requirement to exploit full potential of the program

Input-data size column is subjective opinion of the author.  Sources: (Building energy software tool 
directory, 2013) [1].

This kind of building simulation tools have long been used by a few specialist consultancies rather 
than being used by building design practices, where they can have the greatest impact  [5], though the 
trend has substantially changed in the last few years. To the target groups of ENEF project, the level of 
support conventional simulation programs can offer is very limited, except for HVAC engineers. Dynamic 
simulation programs are not adequate for urban planners, as their use requires specific data of existing 
buildings or one already under design. However, it is worth mentioning that these programs can offer 
support after early design decisions have been made. We acknowledge this importance. 

These programs have already been in use in Finland and Sweden for a long time. Estonian and Latvian 
users have already started using simulation programs. Existing co-operation between the partner 
countries need to be continued and strengthened further for promotion of simulation programs. From 
our understanding, most of the users are relying on single simulation program for decision support. 
Crawely et al. (2008) suggest that the most productive way is to use a collection of programs [3]. 

4.2 Calculation Programs
Overall Description
Calculation programs are simplified simulation programs, in other words simplified linear models 

are used to evaluate energy efficiency indicators corresponding to respective services and occupants’ 
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behaviour. Generally, these programs are available for free, unlike dynamic simulation programs. Primarily, 
they can be classified into two categories: web-based and excel calculation programs. Free availability 
of these programs makes them attractive, considering wider objectives of ENEF project and target user 
groups’ limited financial resources. 

Excel Calculation Programs
Energy audit/certification and Life Cycle Analysis (LCA) programs generally fall into this category. 

Energy audits are generally conducted to determine the energy class of the building based on the nature 
of the building stock, climatic conditions and national legislations. An energy audit tells about the energy 
efficiency performance and total energy consumption in a building, including all consumed heating, 
cooling and electrical energy in the system boundaries of the building shown in Figure 4.2. Energy audits 
are usually performed to issue energy certificates of the buildings and to promote or suggest energy 
efficiency measures.

LCA-based calculations programs determine the energy efficiency of the building from an 
environmental perspective. The environmental perspective accounts all energy inputs into a building in 
its life cycle: embodied energy in construction phase, operation energy in use phase, and energy input in 
demotion phase.  This approach is called as Life-cycle energy analysis (LCEA). The system boundaries of a 
building using LCEA approach are shown in the Figure 4.3.

Heating Ventilation and Air
Conditioning (HVAC), Hot Water

Supply, Powering Appliances and Lighting

Raw material
Mining/Quarrying

Building Shell
Construction

Building Material Production

Renovation

Building Demonstration

Transport

Recycling PlantLand�ll Site

Transport

Manufacturing
Phase

Use Phase

Demonstration
Phase

Figure: 4.3: Life-cycle energy analysis approach (LCEA) 

Web-based Calculation Programs 
Both energy audit and LCA are initiated by voluntary or mandatory means based on national 

legislations. Both of these activities require extensive input data, which in turn requires expertize to 
analyse the data using calculation programs. Therefore, these calculation programs are not useful in the 
planning stage of implementing energy efficiency measures. Nevertheless, it is worth mentioning that an 
energy audit of a building provides comprehensive information about potential energy saving measures. 
There also exist web-based calculation programs for energy audit and LCA. These calculation programs 
are not useful either for the early stages of decision making.

Many web-based calculation programs are available to evaluate impacts of energy efficiency 
measures. There exists a great deal of variation across different calculation programs and the way impacts 
are calculated. Often, these tools are primarily based on the economic implication of different measures 
to determine cost-effectiveness. The principal rationale for emphasizing on cost-effectiveness is to 
investigate economic viability. Depending on the nature of a calculation program, occupants’ behaviour, 
entire building or single house physical characteristics, technical performance of installations that 
deliver energy services in the system boundaries of the building, are optionally included in the software 
to facilitate decision support. Unlike dynamic simulation programs, which are fundamentally suited for 
engineers and experts, it is relatively easier to get acquainted with these programs, which makes them 
attractive as decision-making tools, especially for architects, planners, real estate owners and developers. 

Selected web-based calculation programs were analysed during the course of ENEF project. They can 
be broadly divided into five categories. We acknowledge that the categorization is relative and derived 
based on the level of emphasis on factors described above. Energy audit and LCA are included in this 
categorization. Three other categories are: user-behaviour and energy consumption perspective, specific 
energy efficient measures and relative scaling of energy efficiency indicators.

Calculation Tools Considering Occupants Behaviour and Building Energy Consumption
In the system boundaries of a building (see Figure 4.2) an occupant is specifically interested in 

the consumption of the building’s energy services, and his behaviour will have greatest effect on the 
energy consumption of the building. This class of calculation tools is usually developed based on linear 
approximations. Many calculation tools focus on single family houses, whereas few concentrate on larger 
buildings. In general, using this type of tools does not require special expertise, and basic knowledge 
about building physics and energy efficiency is sufficient enough. In the case of calculation programs, 
which focus on single houses, extrapolating the results to building level is possible. However it is worth 
stating that the extrapolating process itself has many challenges and limitations. 

Table 4.2: A comparative analysis of two calculation tools, which are screened during the course of ENEF project

Energikalkyl1 Asuinrakennuksen toimenpidekohtainen
energiataloudellinen tarkastelu2

Climate data Included ---------

Data requirement Basica Simpleb

HVAC system details Included ---------

Electrical System details Included ---------

Energy efficiency measures ---------- Included

Total Building Energy consumption 
calculation

Possible ---------

Energy saving potential calculation ---------- Possible

Economic review ---------- Possible

1 http://energihuskalkyl.se/
2 http://www.ekokumppanit.fi/aralaskuri/index.html
a Basic data means, sufficient details about building geometry (assumption 1), but not comprehensive
b Simple simple data means, it can obtained from basic data based on the requirement



74 75H a n d b o o k  o n  B u i l d i n g s  R e n o v a t i o n  i n  C e n t r a l  B a l t i c  R e g i o n H a n d b o o k  o n  B u i l d i n g s  R e n o v a t i o n  i n  C e n t r a l  B a l t i c  R e g i o n

Energikalkyl tool is available at http://energihuskalkyl.se/ and “Asuinrakennuksen toimenpidekohtainen 
energiataloudellinen tarkastelu” at http://www.ekokumppanit.fi/aralaskuri/index.html.

A comparative analysis of two calculation tools, which are screened during the course of ENEF project, 
is tabulated in Table 4.2. From comparative analysis of the two calculation tools, it can be established 
that each tool has its own advantages. Energikalkyl calculates energy consumption of the building per 
square meter (W/m2), which is an indirect approach to determine energy efficiency level. If some energy 
efficiency measures are supposed to be taken, then the user needs to change the data to determine the 
new energy consumption, which is an indirect way of measuring energy efficiency. Whereas the other 
tool uses a deterministic approach, i.e. economic review of impacts related to energy efficiency measures 
that are supposed to be implemented, for example: improving outer wall insulation and better insulation 
of the roof. However, unlike Energikalkyl, this other tool assumes the same climatic conditions for any 
case. Energikalkyl tool is intended for Swedish users and climatic conditions of different parts of Sweden 
are incorporated into the calculation tool.

There are many energy efficiency indicators, each one intended for a different purpose. No single 
methodology or approach is unlikely to provide comprehensive information about the impacts of different 
energy efficiency measures, considering the fact that calculation tools are developed using simple linear 
models. However, it is essential to use decision-support tools in the planning stage. Given this context, we 
recommend the following strategy for selection of calculation tool in this category:

 ¡ The first criterion for selection is a calculation tool, which is built on possible accurate description 
of climatic conditions. This is important because energy consumption depends on geographical 
environment.

 ¡ If the selected tool covers possible standard energy efficiency measures in given geographical 
conditions, it will provide sufficient comprehensive information about likely impacts of 
corresponding measures.

 ¡ Finally, provision of economic analysis in calculation comprehends decision-making process. This 
essential characteristic of the program will offer information about cost-effectiveness.

 ¡ Last but not least, if the tool can perform comparative analysis of the impact in the case of 
alternative measures, it will be useful for users. 

The strategy suggested here is not meant to be final, but rather the current view of the authors after 
the screening of calculation programs within the objectives of the ENEF project.

Calculation Tools Intended for Measuring Impacts of Specific Energy Efficiency Measures
Some calculation tools are developed to evaluate impacts of specific energy efficiency measures like 

improving insulation or deciding what type of heating to choose in the case of detached single houses. 
These tools are relatively simple to use compared to the category of tools that are described above.  
A comparative analysis of three such tools is charted in Table 4.3. The presented tools are intended for finding 
impacts of changing insulation level on energy consumption. The comparative analysis is not tabulated to 
promote any single tool, but rather to provide a preview of high variance between the tools. This category 
of calculation tools is particularly useful when implementing isolated energy efficiency measures.

Table 4.3: A comparative analysis of three tools intended for measuring impacts of specific energy efficiency measures

Paroc Motiva Heatmod

Climate data Included and simple Not included Included and extensive

Data requirement Low Low (Moderate) Moderate (high)

Expertise Low Low Moderate

Economic review Possible Possible Not included

Heatmod can be found at http://www.heatmod.lv. Motiva tool is same as Asuinrakennuksen 
toimenpidekohtainen energiataloudellinen tarkastelu. Paroc tool cab be found at http://www.paroc.
com/SPPS/BI_attachments/AdditionalInsulationCalculator/Additional%20insulation%20calculator.html.

Calculation Tools with Relative Scaling of Energy Efficiency Indicators
Different stakeholders have different perception about energy efficiency in a given building 

environment. For example, the primary interest of a real estate company is low capital cost, rather than 
reduction on energy consumption. This variance in perception can be attributed to the definition of 
energy efficiency. Something is more energy efficient if it delivers more services for the same energy 
input, or the same services for less energy input, according to the International Energy agency (IEA). This 
definition is not absolute. The ambiguity in definition resulted in different energy efficiency indicators in 
general serving in principle the objectives of different stakeholders. 

As Forsström et al [4] suggested, defining indicators to cover all needs of different stakeholders in 
building environment is a huge task, and might not be even possible. We completely agree with their 
point of view. Nevertheless, during screening of computational programs we came across a calculation 
tool in which different energy efficiency indicators are normalized on a relative scale. Different parameters 
that influence energy efficiency of the buildings are normalized on a point scale, as described below.

 ¡ U-value of less than 0.08 (“passiivitalotaso”, for example insulation greater than 600 mm wool: 3 points).
 ¡ Appliances and lamps are the best energy class (2 points).
 ¡ Heating energy from renewable energy sources (5 points).

This type of calculation tools that uses normalized energy efficiency indicators is simple to use. No 
special expertise is required to use this type of programs. However, the main drawback of this approach 
is that this type of relative scaling is subjective and acceptability is an issue.

Summary
Finding computational programs to use during the planning stage of implementing different energy 

efficiency measures is a challenging task. Further, the report does not attempt to find or propose a certain 
computational tool for using in decision process.  

 ¡ Dynamic simulation programs: These programs provide definitive assessment of impacts of 
implementing different energy efficient measures. Early design decisions would not require the 
use of simulation programs. In wider objectives of the ENEF project, we recommend prospective 
users who want to find information about available simulation programs to browse through the 
Building Energy Software Tools Directory prepared by United States Department of Energy [2].

 ¡ Web-based calculation programs: Definitive assessment of impacts is not possible using this 
category of calculation programs. However, they can be rapidly used to assess possible implications 
on building energy performance. This type of calculation tools is useful for the target groups 
of the ENEF project (except for HVAC engineers) to quickly investigate impacts at conceptual 
stage. Furthermore, it’s worth mentioning that input-data requirement varies significantly across 
different calculations programs. Having access to sufficient data is always a challenge in this case, 
to use any prospective tool. We recommend development of web-based calculation programs 
based on existing building energy codes in each country.

 ¡ Excel-calculation programs: Complex calculation programs are not useful in early decision 
making process.

We found that existing computational tools could not offer widespread support for decision making 
in conceptual stage of implementing energy efficiency measures. There is an immediate need to develop 
reliable computational tools, especially web-based calculation programs, to assist the target user groups 
of the ENEF project. Considering the facts that, in a given urban location, the building stock usually has 
similar characteristics, the tools to be developed could provide much needed support for decision making 
at early stages.

In the meantime the screening and classification of existing tools, performed during this year within 
the tasks of Work Package 4 of ENEF, has produced several packs (“road maps”) for the use of the project’s 
target groups. These packs, meant to facilitate decision making in the early stages of implementation of 
energy efficient measures, will be available to the members of the extended networks of ENEF during 
year 2013.
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Annex 1

Building Data

Address: Kareivju Street 3, Bauska

Type of building: block of flats    

Number of floors: 5 floors, cellar

Total floor area: 4029.3 m², living space 2279.5 m²

Average floor height: 2.5m

Number of inhabitants: 124

Year of construction: 1983 Year of renovation:

Building envelope Type/Materials U-value,
W/m2K

Comments

Wall facade 100 mm thick 
polystyrene plates were 
installed as insulation 
material.

0.31 The heat stability of the walls 
before the reconstruction 
works didn’t correspond 
to nowadays norms. Heat 
loses occurred through 
construction during the 
heating season. 
Supplied energy saving:  
36 kWh/m2 per year. 
CO2  emission decreased  
7.27 kg/m2 per year.  

Outside wall 100 mm thick 
polystyrene plates were 
installed as insulation 
material.

0.33 Supplied energy saving:  
24 kWh/m2 per year. 
CO2  emission Decrease:  
4.88 kg/m2 per year.  

Windows PVC windows 0.17 PVC windows were installed 
in flats. Windows were 
insulated. 
Staircase windows  
Supplied energy saving:  
1.3 kWh/m2 per year. 
CO2  emission decrease per 
year: 0.27 kg/m2.

Flat windows
Supplied energy saving:  
3.8 kWh/m2 per year. 
CO2  emission decrease:  
0.77 kg/m2 per year. 
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Roof/attic ceiling 150 mm insulation 
material.

0.17 Roof construction was 
insulated additionally.
Supplied energy saving:  
3.2 kWh/m2 per year. 
CO2  emission decrease:  
0.64 kg/m2 per year.  

Floor/basement ceiling 40 mm thick polystyrene 
plates were installed as 
insulation material.

0.55 Supplied energy saving:  
13.7 kWh/m2 per year. 
CO2  emission decrease:  
2.78 kg/m2 per year.  

Basement 40 mm thick polystyrene 
plates were installed as 
insulation material.

0.64 Supplied energy saving:  
3.8 kWh/m2 per year. 
CO2  emission decrease:  
0.56 kg/m2 per year.  

Basement walls 50 mm thick polystyrene 
plates were installed as 
insulation material.

Supplied energy saving:  
2.8 kWh/m2 per year. 
CO2  emission decrease:  
0.56 kg/m2 per year.  

Heating and hot water system

System’s type
(single/double pipe)

Single Comments: building is connected to centralized heating 
system.  Heating and hot water systems’ piping was 
insulated properly, as it was rusted before. System 
was modernized; automatic balancers were installed 
for uniform heat output. Individual heating joint was 
installed. The basement floor heating system’s piping was 
partly insulated. 

Thermostatic valves (yes/no) Yes Comments: thermostatic valves were installed in flats.

Individual heat meters (yes/no) No Comments: -

Hot water system’s type 
(individual/central)

Central Comments: -

After energy saving arrangements realization 46% of common heat energy quantity for heating system of the 
building needs were saved. Measured energy efficiency of the building estimation: 75 kWh/m2 per year.
Measured CO2 emission estimation: 44 652 kgCO2 per year.  

Ventilation system

System’s type
(natural/mechanical/hybrid)

Natural 
ventilation

Comments: -

Heat recovery 
(yes/no)

No Comments: -

Air flow regulation
possibility (yes/no)

No Comments: -

Cooling (yes/no) No

Renewable energy

Use of renewable energy (yes/no): No

Type of renewable energy: - 

Share of renewable energy in total energy consumption (%): - 

Annex 2

Building Data

Address: Saules Street 8, Bauska

Type of building: nurcery school 

Number of floors: 2 

Total floor area: 721.90 m2

Average floor height: 2.8 m 

Number of inhabitants:

Year of construction: 1960 Year of renovation:

Building envelope Type/Materials U-value,
W/m2K

Comments

Wall Sand-lime brick walls 
were covered with  
100 mm thick 
polystyrene plates, 
which were installed as 
insulation material.

0.31 Heat loses are caused 
because of non-effective 
connection joints in 
construction.

Supplied energy saving: 
82.72 kWh/m2 per year.
CO2  emission decrease: 
18.38 kg/m2 per year. 

Windows 1.8 Non-effective window 
connection in building 
construction. 

PVC windows were installed 
in main entrance staircase. 

Supplied energy saving: 
1.28 kWh/m2 per year. 
CO2  emission decrease: 
0.28 kg/m2 per year. 

Roof/ attic ceiling

Floor/ basement ceiling 100 mm thick 
polystyrene plates 
were installed as 
insulation material.

0.25 Supplied energy saving: 
23.36 kWh/m2 per year. 
CO2  emission decrease: 
5.19 kg/m2 per year.  

Basement



80 81H a n d b o o k  o n  B u i l d i n g s  R e n o v a t i o n  i n  C e n t r a l  B a l t i c  R e g i o n H a n d b o o k  o n  B u i l d i n g s  R e n o v a t i o n  i n  C e n t r a l  B a l t i c  R e g i o n

Heating and hot water system

System’s type
(single/double pipe)

Double Comments: building is connected to centralized heating 
system; heat source is a gas boiler house in a good 
condition situated apart the building. 
It is a modern, single pipe heating system, with 
convectors in every room and  thermostatic valves. 
Heating systems piping is deprecated, there was no 
insulation layer on pipes in basement floor. Heating 
system was renovated and balanced. Single pipe system 
was changed to double.

Thermostatic valves (yes/no) Yes Comments: -

Individual heat meters (yes/no) No Comments: -

Hot water system’s type 
(individual/ central)

Central Comments: -

After energy saving arrangements realization 34% of common heat energy consumption for heating system 
of the building needs were saved. It is necessary to lower indoor air temperature during night and weekend 
period to 12-13°C. Measured energy efficiency of the building estimation per year 121 kWh/m2. Measured CO2  
emission estimation per year 17326 kgCO2.

Ventilation system

System’s type
(natural/mechanical/hybrid)

Natural Comments: -

Heat recovery 
(yes/no)

No Comments: -

Air flow regulation possibility 
(yes/no)

No Comments: -

Cooling (yes/no) No

Renewable energy

Use of renewable energy (yes/no): No

Type of renewable energy: - 

Share of renewable energy in total energy consumption (%): - 

Annex 3

Building Data

Address:  Plūdoņa Street 60, Bauska

Type of building:  nurcery school    

Number of floors: 2

Total floor area:  1879.30 m2

Average floor height: 2.8  

Number of inhabitants:

Year of construction: 1985 Year of renovation:

Building envelope Type/Materials U-value,
W/m2K

Comments

External wall before 
renovation

Brick walls Walls before 
reconstruction are in 
satisfying condition.
Heat loses through 
connection joints. 

External wall after renovation Brick walls were covered with 100 mm 
thick polystyrene plates, which were 
installed as insulation material.

0.31

Windows before renovation Old wooden windows 2.7 Main entrance 
windowing was 
changed. Windows before renovation PVC windows 1.6–1.8

Roof/attic ceiling Claydite-concrete Due to non-
qualitative roof 
insulation during the 
rain a leakage was 
stated. 

Floor/basement ceiling Claydite-concrete floor was covered 
with 100 mm thick polystyrene plates 
as insulation material. 

0.25

Basement
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After energy saving arrangements realization 41% of common heat energy consumption for heating system of 
the building needs were saved. It is necessary to lower indoor air temperature during night period. As also it is 
important to improve window frame sealing. Measured energy efficiency of the building estimation per year 
117 kWh/m2. Measured CO2 emission estimation: 58 258 kgCO2 per year. 

Heating and hot water system

System’s type
(single/double pipe)

Double Comments: Indoor climate disbalance in different 
rooms.

Heating system piping was not insulated in the 
basement floor. 

Building is connected to centralized heating system with 
individual heating joint.  

Single pipe system with cast iron radiators in every 
room, without opportunity of regulation.

Heating and hot water systems piping were not 
insulated properly as a result additional heat loses were 
stated. 

Systems piping was insulated with mineral cotton  
50 mm thick layer.

Supplied energy saving: 7.20 kWh/m2 per year. 
CO2  emission decrease: 1.90 kg/m2 per year.  

Thermostatic valves (yes/no) Yes Comments: Heating system piping were changed from 
single to double and radiators were also changed. 
Supplied energy saving per year 10.80 kWh/m2.
CO2  emission Decrease per year  2.85 kg/m2.

Individual heat meters (yes/no) No Comments: -

Hot water system’s type 
(individual/central)

No Comments: -

Ventilation system

System’s type
(natural/mechanical/hybrid)

Natural Comments: -

Heat recovery 
(yes/no)

No Comments: -

Air flow regulation possibility 
(yes/no)

No Comments: -

Cooling (yes/no) No

Renewable energy

Use of renewable energy (yes/no): No

Type of renewable energy: - 

Share of renewableenergy in total energy consumption(%): - 

Annex 4

Pilot Building of “Sustainable Järva” Project, Stockholm Case

Address: Trondheimsgatan 28, Husby, Sweden

Type of building: Block of rental apartments 

Number of floors: 6

Total floor area: 2505 m2 heated area, 1980 m2 living 
area

Average floor height: approx. 2.5 m

Number of inhabitants: 115 (25 apartments)

Year of construction: 1973 Year of renovation: 2011

Building envelope Type/Materials U-value,
W/m2K

Comments

Wall Concrete 0.216 Added external 
insulation 100 mm.

Windows 3-glass energy 
efficient windows.

0.85

Roof/attic ceiling Black corrugated 
metal.

0.128

Floor/basement ceiling Concrete 1.831

Basement Concrete 2.725

Heating and hot water system

System’s type
(single/double pipe)

Double Comments: -

Thermostatic valves (yes/no) Yes Comments: -

Individual heat meters (yes/no) No Comments: -

Hot water system’s type  
(individual/central):

Central Comments: -

Ventilation system

System’s type
(natural/mechanical/hybrid)

Mechanical Comments: -

Heat recovery 
(yes/no)

Yes Comments: heat exchanger with estimated efficiency 81%. 

Air flow regulation possibility  
(yes/no):

Yes Comments: -

Cooling (yes/no) No
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Annex 5

Pilot Building of “Sustainable Еlidhem” Project, Umeе Case

Address: Matematikgränd 9, Umeå

Type of building: Apartment building

Number of floors: 2

Total floor area: 925 m2 heated area, 850 m2 living 
area

Average floor height: 250 cm

Year of construction: 1970/71 Year of renovation: 2010

Building envelope Type/Materials U-value,
W/m2K

Comments

Wall Added extra interior insulation. 0.24 Mean U-value of exterior walls  
(0.36 before renovation).

Windows 3-glass, extra air-tight mount. 1.1-1.2 1.9 before renovation.

Roof/attic ceiling New pitched roofs with integrated 
PV-panels, extra insulation.

0.08 Attic floor U-value (0.29 before 
renovation).

Floor/ basement ceiling Partially insulated concrete 
foundation.

2.0/0.41 Not including ground thermal 
resistance/Including ground thermal 
resistance (sand/gravel mix)
No changes introduced. 

Basement None

Heating and hot water system

System’s type
(single/double pipe)

Double Comments: -

Thermostatic valves (yes/no) Yes Comments: -

Individual heat meters (yes/no) No Comments: -

Hot water system’s type 
(individual/central)

Central Comments: hot water circulation in each building transfer heat 
directly from the DH.

Ventilation system

System’s type
(natural/mechanical/hybrid)

Mechanical Comments: -

Heat recovery 
(yes/no)

Yes Comments: Rotating heat exchanger.

Air flow regulation 
possibility (yes/no):

Yes Comments: -

Cooling (yes/no) No

Renewable energy

Use of renewable energy (yes/no): yes

Type of renewable energy: District heating from 98–99% renewable sources, PV-cells, Wind power (municipal housing 
company owns 5 wind power plants that cover half of the use of the electricity needed for the building systems)
Acquired electricity: hydropower/wind power/biofuel (local mix 100% renewable).

Share of renewable energy in total energy consumption (%): 95–100%
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Annex 6

Target Areas and Planned Activities of “Sustainable Järva” Project

http://www.stockholm.se/Fristaende-webbplatser/Fackforvaltningssajter/Stadsledningskontoret/Jarvalyftet/ 
Det-har-ar-Jarvalyftet1/

Target Area Aim

Energy efficiency Reduction of purchased energy for heat, hot water and household electricity.

Reduction of energy use for household electricity by 10% in seven renovated buildings.

Reduction of energy use by 30% at the construction site compared to 2009.

Calculation model for emission of greenhouse gases.

Test and compare traditional and prefabricated technique for additional insulation of facades.

Implementation of good experience in “Svenska Bostäder’s” new projects.

Preserving of cultural-historical values together with meeting the climate targets.

Renewable energy Installation of 1000 m2 of building integrated solar panels producing 200 MWh/year.

Installation of 10 000 m2 of building integrated solar cells.

Investigation of possibilities for climate neutral energy supply for 350 apartments in Järva area 
by 2014.

Sustainable 
transports

Increased accessibility for bicycles.

Increased status for cycle as a transport means followed by increased share of cyclist.

Establishment of a carpool in the area with organizations and private users.

The rules for environmental zone in Stockholm city will be 100% applied for heavy vehicles 
(more than 3.5 tons) used at the construction site.

Well organized logistics will reduce the transport load in Järva area.

Information and 
participation

Investment in information and participation activities will promote a sustainable life style in 
terms of energy use, transportation, consumption and waste management in other parts of 
Järva area.

Decision on housing standards should be made with participation of residents.

Residents will get information and technical support with new installation in order to make 
use of the new opportunities that technology provides.

Spreading of information regarding various renovation concepts in Sweden and Europe.

Sharing experience with other communities living in the similar areas.

Contribution to fulfillment of targets given in Vision Järva 2030.

Annex 7

Retrofitting Measures Planned Within “Sustainable Ålidhem” Project

http://www.umea.se/mer/tema/miljo/medborgare/hallbaraalidhem.4.6199a9ff127792ed13380002415.html

Financial 
support

Measures Outline

Delegation 
for 
Sustainable 
Cities

Innovative methods for 
insulation

Renovation of two buildings Matematigränd 7 and 9 to test energy 
smart solutions for insulation.

Solar cells installation Installation of the total of 2800 m2 of solar cells in the area.

District integrated 
windmill

The property owner made a proposal to the main trading center in the 
area to establish a district integrated windmill. Currently the project is 
at the stage of negotiations and might be substituted by alternative 
solution in the future.

Winter garden By means of cooperation between residents, the Institute of Design and 
Shadow Theater of Umeå the common vision for winter garden was 
formed. The idea was to equip it with kitchen, coffee machine, tables 
with chairs and removable plants. The winter garden was inaugurated in 
September 2012.

Rebuilding of the 
Studentvägen driveway 

The measure is performed with the purpose to create more space for 
new buildings, to remove heavy traffic from Studentvägen and the 
barrier that the road creates between Sofiehem and Ålidhem areas.

EU Life 
Project 
“Green 
Citizens of 
Europe”

Apartment’s individual 
metering system

Individual metering system for electricity, hot and cold water will be 
installed in new apartments on Geografigränd. The main purpose of the 
system is to reduce water use.

Other funds New Geografigränd New building on Geografigränd with 137 apartments and total energy 
use of 65 kWh/m2 was completed in 2012 and fully moved in Oktober 
2012. 

Energy efficient LED – 
lightning

Enery efficient lightning is being tested within the project. It was 
installed in the first pilot house on Matematigränd 9 and is planned to 
be used in winter garden and several other locations outdoors.

Washing machines 
connected to district 
heating

Washing machines in the laundries of the district are going to be 
connected to hot water operations.

Intelligent power control Intelligent power control system is going to be implemented in the area 
based on experience of Lilljansberget urban area in Umeå, where the 
pilot system was already installed.

Renovation of parks and 
common areas

The central park between the center of the district and the school is 
going to be renovated.
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Annex 8

Ongoing Investments within “Sustainable Rosengårs” Project

http://www.malmo.se/download/18.3744cbfb13a77097d87423a/Roseng%C3%A5rd+ENG_web.pdf 
http://www.malmo.se/Medborgare/Miljo--hallbarhet/Miljoarbetet-i-Malmo-stad/Hallbar-stadsutveckling/ 

Hallbara-Rosengard/Sustainable-Rosengard-ENG.html

Funding Initiative Outline

“The Delegation for 
Sustainable Cities” and 
EU Life Programme 
within the Concept 
of the project “Living 
Climate in Cities” 

Sustainable Hilda Renovation of 16 houses with 767 apartments owned by 
housing cooperative “BRF Hilda”. The focus is on energy 
efficiency, renewable energy, water, transportation and life-style.

“The Delegation for 
Sustainable Cities” 
and the EU Regional 
Development Fund

Rosengård pathway Creation of the town square and outdoor arena for cultural and 
sport activities that in its turn will enhance the pedestrian and 
bicycle path.

Youth Establishment of activity space along the Rosengård pathway 
and involvement of young people in the development of the 
city district.

Superbuses Introduction of the new city bus concept for better bus 
accessibility and improvement of the links between Rosengård 
and surrounding parts of Malmö.

Climate-Smart food 
center

Education of kitchen staff and children about food, its origin 
and importance for environment and climate change.

“The Delegation for 
Sustainable Cities”

Renewable Rosengård Establishment of wind power plants in the area; the discussion 
about possibilities and alternatives for implementation of the 
measure is ongoing.

Rosengårds ice rink Restoration of the ice rink with the focus on energy, water and 
outdoor environment.

Värner Ryden School Creating a demonstration object for ecological restoration of 
school.

Saving Water Measures for reducing hot and cold water consumption by 40%.

Cleantech Creation of a market through testbeds, technical visits and 
matchmaking between cleantech companies and property 
owners. 

Urban densification Construction of new housing, education and job opportunities 
in terms of two jobs per one new house built.

Annex 9

Renovation Measures Planned for “Sustainable Hilda” Project

http://www.hsb.se/malmo/hilda/sustainable-hilda-english-version?select=2.30599

Measure Outline

Plumbing and 
bathroom renovation

Replacement of pipes for cold and hot water, waste pipes, pipes for hot water recirculation 
and heating pipes for the radiators.
Turning down the bathroom walls facing the shaft and taking up the floor for replacement 
of water and waste pipes. The bathroom is remodeled with a new bathroom suite, the 
walls are fully tiled and the floor is fitted.  Renovation of the guest toilets. Installation of the 
individual water metering. 

Facade renovation In the long run to re-paint the facade and make it water-repellent, replace broken bricks, 
re-seal the window surrounds and replace broken lintels. The emergency measures include 
replacement of the walls beneath the facade with additional insulation, replacement of 
wooden beams with metal ones and adding the moisture barrier behind the facade.  

New energy-saving 
ventilation

Installation of new ventilation system that recovers the heat from the exhaust air through 
heat exchanger. This will reduce the need for district heating used by flat radiators for 
warming the input air.

Replacement of all 
radiators

All radiators in the flats are replaced with new thermostat-controlled ones. The bathroom 
radiators are the only exception. 

New internal walls The new well-insulated walls against the brick facade. The exemption are two–room 
apartments since they don’t have walls against to the brick facade.  

PCB sanitation The joint fillers, containing PCB in joints around the inner entrance door, above the exterior 
door of the two-room flats and on the gables of the tower blocks are going to be removed.

New fire alarm system The new fire alarm system is installed in all flats and in communal areas such as: stairwell, 
cellars, laundry rooms, garages and new ventilation houses located on the roofs.

Environmental 
investment

Includes planning for exploiting solar energy. At the earlier stage, there were also plans 
for using rainwater in the toilets and utilization of food wastes from households as a raw 
material for biogas production. Due to high costs and technical difficulties there is a high 
possibility that these measures will be substituted with other solutions. 
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Annex 10

Data on Renewable Energy Systems 

Parameters of the Solar Cells Modules Installed on the Roof of Matematikgränd 9, “Sustainable Ålidhem” Project

Type of the solar cells system

Crystalline Silicon CIGS Thin Film

Module type Trina TSM 240-PC05, 240 W per module
Size: 1.650 x 0.992 
Total area: 54 m2

Weight: 19.5 kg 
Total weight: 644 kg

Q-Cells Q.SMART 90, 90 W per module
Size: 1.196 x 0.636
Total area: 67 m2

Weight: 19.5 kg
Total weight: 644 kg

Inverters SMA Sunny Tripower 8000 TL
Efficiency: max 98.1% and 97.5%  
average capacity
Size: 665 x 690 x 265 mm (wide x height x depth)
Weight: 65 kg

SMA Sunny Tripower 8000 TL
Efficiency: max 98.1% and 97.5%  
average capacity
Size: 665 x 690 x 265 mm (wide x height x depth)
Weight: 65 kg

Total energy delivered to the electricity network by two solar cells systems installed on the roof of 
Matematikgränd 9, kWh

2011 2012

Crystalline Silicon CIGS Thin Film Crystalline Silicon CIGS Thin Film

January 0.0 0.0

February 0.0 0.0

March 82.6 104.9

April 300.5 375.1

May 974.5 1014.8 939.9 1005.3

June 1153.2 1206.6 1095.5 1144.7

July 1101.4 1158.2 1003.5 1059.4

August 705.4 741.1 723.1 774.0

September 369.3 373.5 406.0 414.1

October 204.7 197.1 156.4 143.8

November 33.5 27.2

December 1.6 1.1

Total 4543.6 4719.6 4707.4 5021.4

Andersson, M., 2012. Solcellsanläggningarna på Matematikgränd 9 och nya Geografigränd – Ålidhem. Energibanken i 
Jättendal AB, Umeå. [pdf ]


