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Abstract 

 

Building sector takes a large part of Swedish domestic energy use. Swedish government 

had set goal that required energy consumption should decrease by 20% in year 2020 

compared to 1995. Public house companies will play an important role in the process. 

 

Älvkarlebyhus AB is a public house company located in Skutskär, along the East coast 

in Mid Sweden. They take care thousands of apartments and properties. The company 

makes efforts to decrease their building energy use as well as to keep good living 

environment. The work studies a typical Swedish Multi-family dwelling, built in 1960s 

and belonging to Älvkarlebyhus AB. These buildings were given enhanced air tightness 

in recent years which yielded a good result. This work focuses on improving the old 

ventilation system and decreasing energy consumption. 

 

Building energy simulation tool IDA ICE was used to model the object building and to 

examine the effectiveness of the new system. The tested energy efficiency measures 

include upgraded ventilation system with heat exchanger, and the installation of demand 

control (DCV) to the ventilation. Both energy, environmental and economic aspects are 

considered in the study. 

 

The result showed the total energy demand decreased 35% with renovation. Total 

investment for all buildings correspond to 5 760 000 SEK. New system could save 237 

872 SEK/year and payback time will be 24 years. 
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1. Introduction 

1.1 Background 

Global energy consumption was fossil fuel based. With the population growing, 

industrialization and development of economy, it continuously rises around 2% per year. 

However, traditional fuels are limited and today’s energy using method is unsustainable. 

IEA estimated that energy demands will increase 30% by year 2030 and CO2 will be 

dubbed in 2050 without make any action (Global Energy Assessment Council, 2012)  

 

Energy consumption can be classified into variety sectors which includes building 

sector, transportation sector, and industrial sector. Globally, building sector counted half 

of electricity consumption and 20%-40% of total energy consumption. According to 

U.S. Energy Information Administration (EIA, 2010)’s investigation, energy usage for 

heating purpose accounted large portion of energy use. In EU, HVAC (Heating, 

Ventilation and Air Conditioning) systems took nearly 50% the building energy 

consumption. In Sweden, people spend 80% time indoor and 60% of energy used in 

building sector was based on heating.  Swedish residential and service sector consumed 

147 TWh which took 40% of total energy use in year 2013. The mainly energy forms 

for residential and service sector are district heating, electricity, oil or biofuels.  

 

Swedish energy supplied raised around 30% compare to 1970s, but it reminded steady 

during recent three decays, from 550 TWh to 600 TWh. Year 2015, nuclear power took 

around 30% of energy supply. Another 30% came from fossil fuels. Biomass and 

hydropower took 20% and 10% respectively. Electricity is the largest energy carrier in 

Sweden. Oil production stand in second. 

 

Energy resource is uneven distributed in the world, their price increases with time and 

unstable varies. A part of Swedish energy system is dependent on domestic source of 

renewable energy. These include wind, water, biofuel and so on. But energy imports 

still take a larger proportion. Such as fossil foil for transport, nuclear fuel for electricity 

generation (Swedish Energy Agency, 2015). 

 

A lot of countries give out financial support to encourage people refurbish house. For 

example, Swedish government has the tax reduction for labor cost when people 
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renovate their house. Under Kyoto agreement, energy consumption needs to be 

decreased by 20% by 2020 compare with 1995 level (European Commission 2014). 

Improve building efficiency benefit decrease running. Energy efficient building with 

good indoor environment also enhance their economic value. Researchers predicted  

80% Swedish building energy consumption in 2050 will be the existing building today 

(Wang, 2013). Retrofitting the old buildings will help to reduce energy consumption 

and carbon dioxide emissions. 

 

1.2 Swedish multi-family house 

A building with higher efficiency has great help to save energy and reduce life cycle 

cost.  It is important to decrease energy utilization in building and enhance efficiency. 

Swedish building stock has become more energy efficiency. But by the increasing of 

electric appliances and heat pump in building, building electricity use increased last ten 

years. From 1985 to 2010, Swedish residual building stock raised 17%, average area of 

each dwelling increased 33% corresponded to 48 m2 (Mangold, Wallbaum and 

Österbring, 2015). During 1960s and 1970s, Sweden had a large house production. The 

parliament in released a “Million Programme” that millions of houses were built to meet 

the strong demand. These houses were high standardized and improved living condition 

for people (Mangold, Wallbaum and Österbring, 2015). Since building stock grows 

relative slow in developed country, renovate the existing building shows large potential 

in GHG reduction（Mata, Sasic Kalagasidis and Johnsson, 2013).  

 

A large part of Swedish building energy use is based on multifamily building. Most 

common form for heating and hot water producing is district heating (Statistiska 

Centralbyrån, 2016). Public house companies share 29% of flat area in Sweden which 

play important role in building efficiency promotion. For environmental and financial 

reason, public housing companies have great responsibility to reduce energy use in their 

buildings (Wahlström et al., 2016). 

 

Swedish Environmental Objectives Council set target to decrease relative energy 

demand (kWh/m2 and year) 50% in year 2050, relative to 1995 level. To meet the goal, 

researchers found that residential building energy usage in 2020 and 2050 should be less 

than 143 kWh/m2 and 89 kWh/m2 per year respectively (Mattsson. B 2011). Swedish 
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National board of Housing, Building and Planning recommended that building energy 

use should less than 90 kWh/m2 year in the climate zone II where object buildings 

locate (BBR, 2015). Now a day, average energy use for new construct building in 

Sweden is 110 kWh/m2 year. 

 

1.3 Building energy simulation  

Now a day, Building Energy Simulation (BEM) is becoming to widely used application 

when design building. It uses computer program which bases on mathematical models 

or functions to calculate energy transfer and predict energy use. Building energy 

simulation program not only supports energy efficient design and operation of building, 

but also analysis the retrofitting performance of exist building. It helps to understand 

building operates in certain situation and compare performance of differently designed 

building.  

 

Building energy simulation is an effective way to study thermal performance of 

building. Compare with experimental method, building performance simulation 

program is costless and time saving. Building simulation tool usually corporate local 

weather data, building construction and code. 

 

Common inputs for building energy simulation program include building geometry, 

thermal properties of constructing materials, thermal zone, location, orientation, internal 

heat generation, occupant’s behavior, equipment, HAVC systems, and climate. To 

consider and calculate all these values manually will take long time. Computer 

simulated program make it possible to imply. The accuracy of simulation result highly 

relates to input data. The output result can include thermal performance, overall energy 

usage, time based estimate of energy use, lifecycle estimate of energy use (Bahar et al., 

2013). 

 

There are many kinds of energy performance simulation tools. Energy Plus, Design 

Builder, Transys, IDA ICE, TAS and IES are popular used software. They have 

difference in mathematic model, purpose of use, interface and capability with other 

building design software. TAS, Energy Plus and IES have more relation to building 
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performance rating systems BREEAM and LEED. Some programs focus on thermal 

energy simulation like Energy Plus, Design builder, IDA ICE (Yair Schwartz, 2013). 

 

IDA ICE (IDA Indoor Climate and Energy) is a dynamic multizone simulation software 

which accurately simulates single zone or whole building. It is wildly used in Sweden 

which developed by Royal Institute of Technical (KTH) in 2003. The mathematical 

model for building balance calculation comes from ISO 7730. The software uses time 

step and transient calculation (Arefeh Hesaraki, 2013). 

 

1.4 Energy efficiency measures 

High building energy efficiency can be achieved by many kinds of measures, such as, 

enhance insulation, improve heating system, heat recover from ventilation system, 

replacing lighting improving efficiency of fans and so on.  

 

Lots of researches have studied the balance between costs and effectiveness energy 

saving measure. Erika Mata used a computer based model to assess the effect of 

retrofitting. Result showed energy efficient appliance ranked at top in profitability. 

Invested thermostats or heat recovery for single family house had high energy saving 

potential. Last ranking was retrofitting building envelope, such as attics and walls 

(Erika Mata, 2013). Waste water heat recovery is another potential solution for save 

energy. Residential hot water took 16% of EU building heating demand. A study in 

Luxembourg illustrated that for well- insulated building, waste water heat recovery had 

chance to save 28-41% water heating. Payback time for a 3 habitats apartment would be 

18 years (Bertrand, Aggoune and Maréchal, 2017). 

 

Verbeeck and Hens Maamari studied dwellings in Belgium who found thermal 

insulation was a cheap measure to save energy. The following choices were change 

window and heating systems. The least profitable was to use renewable energy such as 

solar panels (G. Verbeeck, 2006). Renovating effectiveness was different for countries 

which influenced by climate (Guedi Capeluto, 2014). In central Europe, insulate 

building and change to high performance glass were most effective solution. In southern 

Europe, install shading and improve window played key role. In Northern European 



 

 11 / 64 

 

cities ventilation with heat recovery, use energy glass and install thick thermal 

insulation could be priority.  

 

Researchers have found that the cost for upgrading ventilation system with heat 

exchanger is around 4465 EUR/dwelling (Mata, Sasic Kalagasidis and Johnsson, 2014). 

To install heat exchanger for multi- residential house, price may vary from 40000 SEK 

to 55000 SEK per apartment. A study in Sweden found that lift cycle cost in 20 years 

depended on the type of systems. Centralized Supply and Exhaust ventilation system 

with 85% heat exchanger costed around 40000 SEK. If the building installed single heat 

exchanger for every apartment, the price would be 55000SEK. All of them had VAV 

ventilation. The cost included project, installation, material and maintains. The 

ventilation requirement for residential building is smaller than commercial building.  

Thus, choose centralized Supply and Exhaust ventilation system will benefit economy 

while they had almost same performance (Mortensen and Nielsen, 2011).  

 

Energy consult company ÅF studied a 1970s-residential building in Stockholm. It was 

being found that installed ESX ventilation, water saving nozzle and change thermostats 

saved 50% district heating. The payoff time would be 12 years. However, the value of 

improving efficiency varied with municipalities in Sweden. For similar amount of 

district heating reduction, Stockholm could save cost two times than Luleå. That 

because district heating in Stockholm is more expansive than Luleå (SABO, 2011).  

1.5 Type of ventilation systems 

Energy efficiency buildings require good air tightness, effective insulation as well as air 

handling unit. There are variety kinds of ventilation systems for building. Ventilation 

removes airborne pollutant and changes old indoor air with fresh outdoor air. 

Mechanical ventilation systems help to achieve an acceptable air quality level. But this 

procedure leads energy loss. 

 

Natural ventilation 

Natural ventilation systems do not have any mechanical device to control air flow. Flow 

generate by wind and buoyancy through cracks in the building.  Air comes in or goes 

out the building freely. Natural ventilation will not consume any fan power and produce 
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noise, but air flow is unable to control. There is risk of draft in windy days and indoor 

temperature influence by uncontrolled air easily.  

 

Extract air ventilation and Supply air ventilation 

Extract air ventilation system is wildly used which has an exhaust fan to extract indoor 

air. In residential building, air often removed from kitchen and toilet area. Extract air 

from these place controls air flow and removes indoor pollutions more effectively. 

Supply air ventilation system is similar with exhaust air ventilation system. It uses fan 

to extract outdoor air into room but do not control exhaust air. They belong to 

mechanical ventilation and their investment costs are relative cheap. 

 

Figure 1. Extract air ventilation system (Svensk Ventilation, 2017) 

 

Supply and exhaust air ventilation  

Supply and exhaust air ventilation system not only manages supply air but also exhaust 

air. It controls ventilation flow accuracy which provides proper air flow and heat to 

room. Outdoor air can be handled such as preheat, humidified, or purify. Supply and 

exhaust air ventilation may include air handling unit, fans, ductwork. Supply and 

exhaust air ventilation system often has heat exchange to recover heat from exhaust air. 

It known as ESX-system (Chenari, Dias Carrilho and Gameiro da Silva, 2016). 
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Figure 2. ESX-system, supply and exhaust air ventilation with heat recovery (Svensk 

Ventilation, 2017) 

   

VAV and CAV systems 

Mechanical ventilation has two main types which known as CAV (constant air volume 

system) and VAV (variable air volume systems). In CAV systems, supply or exhaust 

fans generate steady air flow to room space, the fan keeps a same power all the time.  

But temperature for heating unit changes with the heating demand. VAV systems 

mainly installed in school and office. This system has relative high initial cost and 

consist of more mechanical components. But its operation cost is lower than CAV 

system. In VAV system, temperature will maintain at certain level. Air flow is 

controlled by damper and changes with heating or cooling demand. To the last, indoor 

air temperature will be kept in a desired level. VAV system has potential to save energy 

through reduce air flow rate.  Demand control ventilation (DCV) has function to adjust 

the air flow rate with demand. Supply or exhaust air flow can vary with factor such as 

temperature, occupants, indoor polluting concentration, time and relative humidity (RH). 

In previous research, 5-60% energy can be saved with demand control (Hesaraki and 

Holmberg, 2015). 
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1.6 Heat recover systems 

A heat exchanger can reduce heating power. It exchanges indoor waste air with outdoor 

air fresh air and be wildly used in supply and exhaust air ventilation systems. Heat 

exchanger has variety types, such as indirect recuperative heat exchanger, direct 

recuperative heat exchanger and regenerative heat exchanger. The figure below shows 

different kind of heat exchanger. 

 

Figure 3. Different types of heat exchanger 

 

Regenerative type heat exchanger has high efficiency with 70%-80%. But small mount 

(5%-10%) of exhaust air will mix with supply air through leakage. In Indirect 

recuperative system, supply air can locate far away from exhaust air. There is less 

danger of mix air flow and pollute the new supply air. This system often use for non-

residential building like hospital, laboratories and where exhaust air might be harmful. 

Direct recuperative system has relative cheap cost and higher efficiency (60%-70%). 

The heat exchanger usually places between two air flows and also uses in residential 

building. The temperature efficiency of heat exchanger relay on system type, heat 

exchange area and transmitting property (Abel and Elmroth, 2007). 

  



 

 15 / 64 

 

 

1.7 Information of Älvkarlebyhus AB and the object building 

Älvkarlebyhus AB is a public house company which located in Skutskär. They take care 

of thousands of apartments and local estates over Älvkarleby municipality. The 

company making afford to decrease their building energy use as well as keep good 

living environment. Many energy efficiency measures had them done previously, such 

as change new windows, enhance insulation, use energy lighting system, install 

geothermal heat pump and let indoor temperature distribute equally. Most of apartment 

use heat generated by biofuel. That heat production process does not generate CO2 to 

atmosphere. Some of the buildings, like the building studied in this work uses waste 

heat from nearby paper pulp factory. 

 

Object buildings were apartment and located in Berget, Skutskär village, Uppland 

province. Builds constructed around year 1970 and charged of company Älvkarlebyhus. 

The living area consists of 7 buildings and these buildings share one heating central.   

 

Figure 4. Studied building in Skutskär 

 

Heating central delivers district heating to each apartment. The district heating is 

supplied by waste heat. Älvkarlebyhus pays average 477 SEK/MWh for heating and 

700 SEK/day to the grid. These buildings have two living floors and one underground 

basement floor. Only half of basement space is heated. The constructing information of 

building can be seen from Appendix 5. The existing ventilation systems for these 

apartments use exhausted fan for extracting indoor air from toilet and kitchen in each 

apartment. The outdoor air supplies from the air terminal on window. Windows and 

doors were renovated in recent two years.   
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1.8 Aim of the research 

The aim of research is to improve ventilation system and minimize the energy usage in 

the studied kind of houses. Energy simulation program IDA-ICE was used for analysis 

the building performance. Retrofitting effectiveness of ventilation systems will be 

investigated. 

 

Energy analysis will provide consumer information about their building’s energy 

performance. It helps to understand energy loss from each sector of building. Through 

the energy saving measures, building’s owner will have opportunity to reduce their 

energy consumption. In 2009, an energy declaration was made for object buildings 

which gave advices to thermal insulation. This work will focus on promoting ventilation 

system and decrease heating demand. It will find out what quantity of energy can be 

reduced with retrofitting and how long payback time does new system has.  
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2. Theory 

2.1 Energy balance for building 

Energy system always keep in balance. Energy input should be equal to energy output. 

The residential building in Sweden often heat to around 21 º C. the temperature varies 

largely indoor and outdoor.  Indoor climate will reach to an equilibrium point by the 

influence of outdoor climate. Energy balance shows the equilibrium between heat 

supply and heat loss.  

 

The main factors which influence the energy balance include ventilation system type, 

outdoor temperature, constructing material, type of building, indoor heat generation and 

space heating. The function of energy balance can be expressed as below. 

 

Heat loss = Heat supply 

 

𝑄𝑡𝑟+𝑄𝑚𝑒𝑐𝑣𝑒𝑛𝑡+𝑄𝑛𝑎𝑡𝑣𝑒𝑛𝑡+𝑄ℎ𝑜𝑡 𝑡𝑎𝑝 𝑤𝑎𝑡𝑒𝑟=𝑄𝑖𝑛𝑡+𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛+𝑄𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 

Where,  

𝑄𝑡𝑟 : Transmission losses (Wh)  

𝑄𝑚𝑒𝑐𝑣𝑒𝑛𝑡 : Mechanical ventilation losses (Wh)  

𝑄𝑛𝑎𝑡𝑣𝑒𝑛𝑡 : Nature ventilation losses (Wh)  

𝑄ℎ𝑜𝑡 𝑡𝑎𝑝 𝑤𝑎𝑡𝑒𝑟 : Heat demand for hot tap water (Wh)  

𝑄𝑖𝑛𝑡 : Internal heat generation due to electrical equipment, lighting and people (Wh)  

𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 : Heat generated by solar radiation (Wh)  

𝑄𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 : Heat generated by district heating (Wh) 

 

2.2 Heat supply 

Building needs amount of energy to achieve acceptable indoor climate. In cold climate, 

room will be heats up and there are lots of method to supply heat.  

 

 Heat supplied by local heating furnace  

 Use electricity to generate heat. Electricity heater is much cleaner than heating 

furnace. Furthermore, heat pump has significant higher energy efficiency while 

generates heat 
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 Heat supplied by central heating plant. Such as district heating, several heating 

plants can fulfill heating demand of a city. 

 Heat supplied by solar panel 

In Sweden district heating system is wildly used for space heating and hot tap water. 

The district heating sector and the industrial sector are also the major users of biomass. 

District heating system consists of thermal power plant, heating pipe grid and 

substations (heat exchange system). Heat is generated in central power plan and then 

deliver them to buildings through pipe network. The pipe network includes feed pipe 

and return pipe. Flow temperature in feed pipe can be higher than 90 degree and in 

return pipe can be lower than 50 degree. Now a day, in some systems decrease feed pipe 

temperature for minimizing energy loss. District heating consumption can be calculated 

by: 

𝑄𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔= 𝑀𝑓𝑙𝑜𝑤∗𝐶𝑝∗(𝑇𝑓𝑒𝑒𝑑−𝑇𝑟𝑒𝑡𝑢𝑟𝑛) 

Where, 

𝑄𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔: Annual heat consumption (Wh)  

𝑀𝑓𝑙𝑜𝑤: Annual mass flow (kg) = ρ (density) * V (annual volume m3)  

𝐶𝑝: Specific heat of water (Wh/kg º C)  

𝑇𝑓𝑒𝑒𝑑: Feed temperature of the district heating grid (º C)  

𝑇𝑟𝑒𝑡𝑢𝑟𝑛: Return temperature of the district heating grid (º C) 

 

2.3 Solar radiation  

Solar radiation has large influence in indoor climate. When solar radiation reaches a 

solid surface, it will be absorbed and converted to heat. As the surface temperature 

increase, heat emission into air by convection effect. This process is determined by 

building mass and surface type. Some of the heat will keep in the building and release 

after time. Building with heavy structure can store heat for relative longer time. For the 

light and small material, will be more sensitive to temperature change.  

 

Intensity of solar radiation is uneven and change with time. During the summer, solar 

radiation may overheat room. While winter, solar radiation benefit heating reduction. 

Solar radiation will be influenced by factors such as orientation of room, cloudiness and 

window type.  
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𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = Σ(𝐼∗𝐴∗𝐾∗𝐶𝑓) ∗𝑑𝑎𝑦s /month 

Where,  

𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 : Total solar radiation (Wh)  

𝐼 : Solar radiation per unit area (Wh/𝑚2/𝑑𝑎𝑦)  

𝐾: Absorption factor for each window (dimensionless)  

𝐴 : Area for different side of orientation (𝑚2)  

𝐶𝑓 : Cloudiness factor per month (dimensionless) 

 

2.4 Domestic hot water 

Hot water consumption in building is depended on people customs and behavior. 

Variety types of energy sources can be used heat tap water, such as electricity, district 

heating, solar energy etc. The commonly heat supplier for hot water in Sweden is 

district heating (SABO, 2011).  

𝑄ℎ𝑜𝑡 𝑡𝑎𝑝 𝑤𝑎𝑡𝑒𝑟= 𝑀ℎ𝑜𝑡 𝑡𝑎𝑝 𝑤𝑎𝑡𝑒𝑟∗ 𝐶𝑃∗ (𝑇𝑠−𝑇𝑖) * 3600 

 

Where,  

𝑄ℎ𝑜𝑡 𝑡𝑎𝑝 𝑤𝑎𝑡𝑒𝑟: Annual energy use for hot tap water (Wh/year)  

𝑀ℎ𝑜𝑡 𝑡𝑎𝑝 𝑤𝑎𝑡𝑒𝑟: Annual mass flow of hot water (kg/year)  

𝐶𝑃: Specific heat of water 4200 (J/kg ºC)  

𝑇𝑠 = Hot water temperature (ºC)  

𝑇𝑖 = Initial temperature water (ºC) 

2.5 Mechanical ventilation loss 

Ventilation process removes indoor pollutants, and exchanges old air with new air. This 

procedure causes energy loss. Mechanical ventilation can avoid uncontrolled air flow. 

Some mechanical ventilation systems can filter outdoor pollutants. Supply and exhaust 

mechanical ventilation use fans to extract and supply air. It can include filter, heating 

battery, cooling battery, humidifier, fan, damper, duct network, sensor and controller. 

To reduce energy consumption, many systems installed heat exchanger. It will help to 

recover waste heat from exhaust air. Loss from mechanical ventilation can be 

determined by  

𝑄𝑚𝑒𝑐𝑣𝑒𝑛𝑡=𝐾𝑣∗𝑞𝑑𝑒𝑔𝑟𝑒𝑒 = V * 𝜌 * Cp * (1-𝜂) 

Where,  
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𝑄𝑚𝑒𝑐𝑣𝑒𝑛𝑡: Energy losses of mechanical ventilation (Wh)  

𝑞𝑑𝑒𝑔𝑟𝑒𝑒: Degree-hours (ºC h/year) 

𝐾𝑣: Heat transfer coefficient (W/K) 

V: Supply air flow (m3/s) 

𝜂: Efficiency of the heat exchanger 

𝐾𝑣: Heat transfer coefficient (W/K) 

Cp: Specific heat of air (J/kg K) 

𝜌: Density of air kg/m3 

 

2.6 Transmission loss 

Transmission loss leads by outdoor and indoor temperature difference. Heat transfers 

through conduction in building materials. Transmission loss is determined by Surface 

area and their transmittance coefficients. Temperature difference and building insulation 

infect quantality of transmission loss. 

 

Transmission heat loss can calculate as:  

 

𝑄=Σ 𝑈∗𝐴∗ 𝑞𝑑𝑒𝑔𝑟𝑒𝑒 = 𝐾𝑡𝑟 * 𝑞𝑑𝑒𝑔𝑟𝑒𝑒 

Where,  

𝑃𝑡𝑟: Power of transmission heat losses (W)  

A: Area (𝑚2)  

U: U-value, transmission coefficient (W/𝑚2 ºC)  

𝐾𝑡𝑟: Thermal transmittance coefficient (W/K)  

𝑞𝑑𝑒𝑔𝑟𝑒𝑒: Degree-hours (ºC h/year) 
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3. Method 

3.1 Energy audit 

Energy audit analysis energy consumption in building as well as heat loss in each part 

of building envelop. It evaluates energy performance and finds opportunity to minimize 

the energy usage. There are many kinds of factors need to be investigated for energy 

audit, such as ventilation system, walls, windows, doors, thermal resistance of building 

material, bills for heating or cooling, local climate, solar orientation and so on.  

 

Figure 5. Energy audit procedures 

 

Figure 5. classified and presents factors that to be considered. This work has following 

procedures: 

1. Collect data of object building which include ventilation system, building design, 

constructing material, local climate, solar orientation, heating consumption and 

energy price.  

2. Visit the object building and doing surveys. Have facility tour in substation with 

technical supervisor. Understanding the facility work and discuss the issue if there is 

anything unclear. 
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3. Take picture of building envelope, rooms, lighting system, construction material and 

other useful information. Beside this use infrared camera to check the thermal 

bridge, air tightness and ventilation terminal on the window.   

4. Investigate people’s behavior, working hours and electric equipment operation.  
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3.2 Building energy simulation  

Model description 

EQUA company’s building simulation program IDA ICE 4.7 was used in this study. It 

is dynamic multizone simulation software which has ability to simulate single zone or 

whole building. The study object is situated in Uppsala province in Sweden. There are 7 

buildings in that area which has three floors multi-residential house. These buildings 

were constructed in 1960s. They had similar construction and shared a same heating 

substation.  

 

The main goal of the work is to simulate building performance. House A is one of the 7 

buildings which takes 12.5% of total area. It locates in Bergsvägen A, Medora area. 

Thus, study one building can predict renovation performance for others. House A has 

about 1878 m2 large. The room high is 2.6 m. The first floor used as basement which 

contains storage and service room. There were 18 apartments that located in second 

floor and third floor. 

 

Model data 

The first step was to input default construction information into the program. These 

parameters included external wall, internal wall, roof, floor, ground floor, window, and 

door. IDA-ICE calculates U-value for building envelop while user defines the type of 

material and thickness of material. The program has existed database for some common 

constructing materials. But there is also possibility for user to create new material into 

database. 

 

The windows and doors were changed in recent years. The drawing of buildings is 

present in Appendix 5. IDA ICE allowed to predefine some data that were generally 

used in the building. Building construction material is present in the Table 1. 
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Table 1. Construction material of the building 

 Material U-value W/(m2K) 

External wall 

½ Brick 

Mineral wool board 6cm 

Light concrete 20cm 

0.31 

External wall for basement Hollow brick 25cm 0.61 

Internal wall 1 or ½ Brick 1.94 

External floor 

Steel grinding 3cm 

Concrete 8 cm 

Gravel filling (granulated 

type) 10cm 

1.77 

Internal floor 

Floor coating 0.5cm 

Concrete 4 cm 

Concrete vault 16 cm 

 

3.17 

Roof 

light insulation 2.5cm 

Shavings 25cm 

Concrete vault 14cm 

 

0.23 

 

Window New changed 3 glass window 1.2 

 

The second step was to create geometry of studied object building. According to the 

Auto CAD drawing, dimension of the building can be found, and then build 3D model. 

These procedures included: set the high and basement level of buildings, Import the 

floor drawing into IDA, Create zones for each floor. The model was divided into three 

types of zone which were apartment, corridor and basement. The first floor was 1.65m 

underground. The second and third floor were built from high 0.95m and 3.55m. The 

model was classified into three types of zones, apartment zone, corridors zone and 

basement zone. Orientation of the building was checked from google map. 
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Figure 6. Geometric model in the IDA ICE 

 

Climate file 

The third step was to import climate data into IDA set the location for buildings. 

Climate such as temperature and solar intensity will deeply influence heating or cooling 

demand. Skutskär did not have its own climate data, so another city Uppsala which 

locate in same community, was used for simulation. The climate data was collected by 

US National Climatic Data Center which download from IDA’s database. Parameters in 

the climate file included air temperature, time hour, relative humidity wind direction, 

wind speed, and solar radiation. 
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Figure 7. Climate data and location to the model 

 

After this, assumed suitable value for thermal bridges and infiltrations. Infrared camera 

was used to check the insulation performance and air tightness, then thermal bridge can 

be roughly estimated. The thermal bridge and air tightness were set as typical (medium). 

 

Zone setting 

Fourthly, set parameters for ventilation and heating system. The building used exhaust 

air ventilation. Exhaust air terminals were placed in bath room and kitchen. The air 

change rate was about 0.6 ACH. Controller setpoints for minimum and maximum 

indoor temperature were 21°C and 22°C. The next step was to estimate internal heat 

generation. It determines how much heat generate by electronic equipment and people. 

The model assumed each room has one bulb with 75W. Equipment generated 200W for 

each apartment. They turn on during 6am-9am and 15pm-23pm every day. For house A, 

there were 22 bedrooms. The number of people related to the mount of bedrooms. Time 

schedule of people and lighting were set as house living and house lighting in IDA ICE. 

 

Other 

Defined other heat loss. Wind will be influence by surrounded buildings when reached 

the object building. Pressure coefficients can analysis this effect. The object building 

located in suburb and there were other single family houses around. Infiltration was set 

as 0.36 l/ (s*m2) at pressure difference 50 Pa. Hot tap water was supplied by district 

heating. A typical Swedish family hot water consume 25 kWh/m2 per year. The heating 

area should be 83% total space. Because half of the basement was not heated. 
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Figure 8. Use IR camera to access the thermal bridge 

 

After build the model in IDA. The next step was validation. Validation can correct 

model and makes it closer to the realistic case. The normal year corrected heating 

consumption in 2016 was 1 703 030 kWh. If the model simulated result should not have 

large difference. Another important thing was that energy performance in IDA ICE was 

calculated by floor area. However, the heating area only took 83% of floor area. 

Because half of basement were not heated. Thus, energy consumption per unit area 

needs to be divided by 0.83. 

  

3.3 Improve ventilation systems 

The following ventilation improvements were analyzed: 

 

 Case 1: Install aggregator with heat exchanger (efficiency 70%). Exchange heat 

between supply air and exhaust air, recover waste heat from exhaust air. 

 Case 2: Use demand-control ventilation (DCV). Decrease air flow to 0.2 l/s*m2 

Renovation is aim to improve indoor climate and minimize energy use. The existing 

ventilation system classified to exhaust air ventilation which did not recover heat from 

exhaust air. Supply air came from air terminal on the window.  Exhaust air temperature 

is same with room temperature around 21 degree. These heats can be used to composite 

supply air. Heat is wasted when exhaust air emits to outdoor directly. A supply and 

exhaust air ventilation systems with heat exchanger will recover waste heat from 

exhaust air.  
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Furthermore, the exhaust air flow rate was constant, about 0.5 ACH. But for no 

occupant room, air flow rate can be decrease to a lower level. Requirement from 

Boverkt pointed that flow rate can be decreased to 0.10 l/s*m2 (around 0.15 ACH) when 

people leave the room.   For those room have occupants, air flow rate should be at least 

0.35 l/s*m2, corresponding to 0.5 ACH (2.6 m room high).  In week days, people often 

leave home before 9 am and come back after 5 pm. There are 8 hours that do not need 

such high ventilation rate. If air flow decreases to a low speed (0.2 l/s*m2), heating 

energy loss can be reduced. DCV system changes the flow speed with demand. It will 

help to improve building’s efficiency. These energy efficiency measures will be 

examined in building performance stimulation program IDA ICE.  

 

Energy price is vital factor which influences payback time. Two price scenarios were 

used in LCC analysis. In the high cost scenario, electricity was equal to 1.8 SEK/kWh. 

In low cost scenario, electricity would be 1.0 SEK/kWh. Since supply and exhaust 

ventilation demand more electricity. Payback time was calculated as: 

 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑡𝑖𝑚𝑒 =
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑆𝑎𝑣𝑖𝑛𝑔
 

 

=
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑆𝑎𝑣𝑒𝑑 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 ∗ 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒 − 𝐼𝑛𝑐𝑟𝑒𝑠𝑠𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 ∗ 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑖𝑐𝑒  
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4. Result 

4.1 Building energy simulation of House A 

Table 2 shows the simulation result for House A. Before renovation, annual district 

heating consumption is 208 832 kWh (include water usage 55 302 kWh), electricity 

consumes 4346 kWh energy. Since heating area takes 83% total building area, energy 

performance is 136 kWh/year.  

 

House A takes 12.5% of total area. Considered about this, the total energy consumption 

corresponded to 1 670 656 kWh. There was 2 % difference, compare with real case  

1 703 030 kWh. 

Table 2. Delivered energy of overview 

 

Table 3. presents energy balance of building without retrofitting. The mechanical 

ventilation and infiltration loss parts lead the highest heat loss. Transmission loss 

(Envelope & Thermal bridges) follows behind. Lighting becomes the main part of 

internal heat generation. Figure 10. presents the share of each part for building energy 

balance. 
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Table 3. Energy balance of House A 

Month  
Envelope 

& Thermal 
bridges  

Internal 
Walls 
and 

Masses  

Window 
& Solar  

Mech. 
Ventilation 
& Infiltra-

tion   

Occu-
pants  

Equip-
ment  

Lighting  

Local 
heating 

units 
(without 

hot water) 

Net 
losses  

   ████  ████  ████  ████  ████  ████  ████  ████  ████  

1  -13325.9  -19.4  -2427.7  -15910.2  1133.9  1307.2  2016.2  26320.2  895.2  

2  -11445.5  -23.6  -945.1  -13522.6  1031.1  1217.5  1897.9  21027.9  763.0  

3  -11235.9  -20.0  1079.9  -13617.8  1090.5  1293.3  2019.4  18703.9  738.3  

4  -8764.0  -110.8  4683.4  -11056.3  1050.2  1265.7  1967.7  10651.7  560.8  

5  -7010.1  -926.7  8189.1  -8516.2  980.5  1304.4  2029.6  3883.5  431.4  

6  -5286.2  94.9  7262.4  -6859.9  831.7  1260.1  1957.2  585.3  350.3  
7  -5023.4  125.6  7006.8  -6412.7  808.7  1307.9  2025.6  -0.0  349.3  

8  -4637.1  327.7  5841.5  -6102.4  900.0  1294.1  2020.1  206.1  353.6  

9  -5919.5  139.7  3438.1  -7675.1  1052.4  1254.0  1956.3  5450.0  452.3  

10  -8117.4  -3.2  848.7  -9889.4  1139.2  1299.7  2011.5  12119.8  600.0  

11  -10652.2  -12.7  -1512.8  -12796.1  1068.2  1242.8  1936.4  19962.8  752.6  

12  -13987.5  -15.6  -3004.8  -16849.4  1118.9  1299.8  2012.2  28474.1  940.5  

Total  -105404.6  -444.1  30459.4  -129208.1  12205.3  15346.5  23850.2  147385.1  7187.2 

 

 

Figure 9. Share of each part for energy balance monthly (combine with Table 3) 

 

 

Figure 10. Share of each part for energy balance annually (combine with Table 3) 
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Table 4. Shows the transmission loss of each part of building. It illustrates energy loss 

distribution in the building envelop. Result shows window and walls take the two 

largest parts of transmission losses. Doors take the smallest part. Figure 11. presents the 

transmission loss distribution from different building sector. 

 

Table 4. Building envelope transmission 

Month  Walls  Roof  Floor  Windows  Doors  Thermal bridges  

   ████  ████  ████  ████  ████  ████  

1  -5365.7  -2799.6  -1325.5  -3895.1  -1246.2  -2587.8  

2  -4508.5  -2349.3  -1353.7  -3347.8  -1035.3  -2199.1  

3  -4342.9  -2202.3  -1498.6  -3380.3  -978.9  -2214.4  

4  -3211.5  -1630.9  -1423.5  -2834.3  -701.8  -1795.6  

5  -2249.8  -1300.0  -1613.9  -2341.2  -466.4  -1380.2  

6  -1641.8  -664.6  -1487.3  -1946.1  -374.1  -1117.4  

7  -1588.3  -674.9  -1353.5  -1861.0  -357.9  -1048.6  

8  -1532.1  -691.9  -1057.5  -1762.9  -363.0  -992.7  

9  -2180.7  -1106.8  -887.2  -2033.6  -501.2  -1243.8  

10  -3151.9  -1692.3  -943.4  -2505.8  -722.7  -1606.8  

11  -4282.6  -2271.2  -1027.0  -3164.0  -992.0  -2080.7  

12  -5721.8  -2995.6  -1191.2  -4131.8  -1337.8  -2740.6  

Total  -39777.8  -20379.5  -15162.4  -33203.9  -9077.3  -21007.7  

 

 

Figure 11. Transmission loss distribution monthly (combine with table 4) 
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Figure 12. Transmission loss distribution annually 

 

Other simulation results and software settings can be seen in Appendix 2 and 3. 
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4.2 Estimated effects of improved ventilation systems 

 
 Case 1: Install aggregator with heat exchanger and upgrade old system to 

supply and exhaust air ventilation. 

 

Table 5. Energy consumption with heat exchanger in House A 

 District heating (kWh/year) Electricity for HAVC (kWh/year) 

Old system 

(Exhaust ventilation) 

208 832 4346 

New system  133 272 10 583 

Changes -75 560 (36%) +6237 (144%) 

 

 

Table 6. LCC analysis for House A 

Scenario Save (SEK/year) Investment Payback time (year) 

Electricity price 1.8 

SEK/kWh 

24 815 720 000 29 

Electricity price 1.0 

SEK/kWh 

29 805 720 000 24 

*District heating price 0.477 SEK/kWh 

 

These buildings had similar construction and they used same material. House A consist 

of 18 apartments which has 1559 m2 heating area (1878 m2 floor area). After install an 

70% efficiency heat exchanger, the heating demand has opportunity to decrease 36%. 

But the electricity increased 144%. Because new system requires more fans to supply 

air. The heating price for Älvkarlebyhus is quilt low. Waste heat was used for heating 

apartment. Two kinds electricity price were used for LCC analysis. Both high cost and 

low cost scenarios indicate that payback time will be more than 24 years. 
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 Case 2: Add demand control (DCV) for new system 

Table 7. Energy consumption for DCV systems in House A 

 District heating (kWh/year) Electricity HAVC (kWh/year) 

Old system 208 832 4346 

New systems DCV 129799 8771 

Difference -79 033 (38%) +4425 (102%) 

 

Table 8. Devilverd energy for new system 

 

By using DCV system, district heating energy consumption will be minimized to 129 

799 kWh. Electricity dropped 42% than Case 1, corresponded to 8771 kWh. DCV 

system benefited electricity saving significantly. The energy performance of new 

system is 89 kWh/year. 

 

Table 9. LCC analysis to DCV system for House A 

Scenario Saving (SEK/year) Investment to 

Building A (SEK) 

Payback time (year) 

Electricity price 1.8 

SEK/kWh 

29 734 720 000 24 

Electricity price 1.0 

SEK/kWh 

33 274 720 000 22 

*District heating price 0.477 SEK/kWh 
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People often leave home from 9am-17pm in week days. When air flow decreased to 0.2 

l/s*m2 during this time, the result shows heating demand decreases 38% and electricity 

demand increases 102%. The shortest payback time can fall to 22 years. 

 

Table 10. Energy performace for the House A 

Owner: Älvkarlebyhus AB Cadastral: Medora 168 

Built: 1960s Building Category: Apartment 

Floor area: 

Heating area: 

14 727 m2 

12 223 m2 

Building type: Detached property 

 

 

Figure 13. Compare old system with new systems 

 

The result shows that install heat recover system has large potential in decrease heating 

demand. The old system used energy 136 kWh/m2*year, while new system achieved 92 

kWh/m2*year and 89 kWh/m2*year. It is lower than BBR’s recommendation 90 

kWh/m2*year (Zone 3). New systems have potential to save 35% energy in total. The 

investment for House A is 720 000 SEK and payback time takes about 24 years.  

 

When electricity price is 1.8 SEK/kWh, House A saves 29 734 SEK/year. Due to the 

studied building take 12.5 % of total building area, Annual saving for the all houses will 

be 237 872 SEK/year. Total investment for all buildings correspond to 5 760 000 SEK. 
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Energy performance Case 2 89 kWh/m2/year 
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5. Discussion 

To model the supply air terminal on the window better, a small leakage was created on 

the wall for each zone. Ventilation energy loss combined with infiltration loss. So, the 

energy balance report is unable to indicate them separately.  The village where object 

building located did not have their own climate data. The climate data came from 

Uppsala city in the same province. This causes some uncertainty in the calculations. 

 

Air change rate was given by the technical supervisor. If the real air change rate was 

higher than assumption, more energy could be recovered and payback time will be 

become shorter. The DCV system in Case 2 was time controlled. Ventilation rate will 

be quilt low during 9am-17pm in weekdays even there are people in the home. A better 

solution for this is that use CO2 or movement sensor to control ventilation system. 

  

Because the building was occupied by people, it was hard to measure flow in each air 

terminal. Accuracy would be enhanced if air flow was known in each apartment. 

Another risk was, some apartment was rebuilt by tenant. In the second floor, tenant 

increased the balcony’s area and installed their own wall for the new area. Heating 

demand can be influenced by this kind of modification. 

 

New systems were effective to save heating energy. It can decrease energy use by 35% 

than today. Year 2009 energy declarations were made for these buildings (Appendix 4 

attached energy declaration in 2009). Energy performance was 141 kWh/m2 at that time. 

Then Älvkarlebyhus renovated the house and improved insulation for windows and 

doors. In 2016 energy use dropped a little, to 136 kWh/m2. Normal year correction data 

was used for calculation. It indicates building energy use in a typical weather no matter 

the change of local weather in different years. 

 

The heating supplied by waste from factory, heating price (0.477 SEK/kWh) was much 

lower than the average value. That is a reason which makes payback time longer. For a 

place where has higher heating price, the payback time will reduce.  
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6. Future work 

Energy saving potential based on air change rate 0.6 ACH. If actual ventilation rate is 

less than this value, less energy can be recover from ventilation heat loss. In opposite, 

more energy can be saving with higher ventilation rate. The future study could be 

measure the air flow in each apartment. Furthermore, district heating price influences 

payback time deeply, so that different cases of district heating price can be researched. 

Thirdly, lots of supply and exhaust ventilation system have cooling function. In the 

simulations, the cooling battery was turned off, since Sweden does not have very high 

temperature in summer. The percentage of dissatisfied of new system increased 2%. It is 

not a significant change and the recommendation is that open the window during 

summer.  How cooling system affects comfort in summer will be interesting to study.  
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7. Conclusion 

The built simulation model reached the validation value and its error was acceptable.  

Real total heating consumption was 1 703 030 kWh and the model simulated result is 

about 1 670 656 kWh. Centralized heat exchangers would be better to minimize LCC 

cost.  

 

Case 1, by installing heat exchanger, retrofitting old Exhaust ventilation to Supply and 

Exhaust ventilation, district heating decrease from 208 832 kWh to 133 272 kWh 

annually. But new system requires more fan power, thus electricity increases from 4346 

kWh to 10 583 kWh. Total annually energy use drops from 137 kWh to 92 kWh/m2. 

Renovation cost is 40 000 SEK/apartment and payback time is influenced by energy 

price. In the low electricity price scenario, payback time is equal to 24 years. In high 

electricity cost scenario, payback time increased by 5 years. 

 

Case 2 adds time controlled DCV system into Case 1. In this case, Air change rate is 

reduced from 0.6 ACH to 0.2 ACH, from Monday to Friday during time 9:00-17:00. 

Like case 1, simulation result indicates heating demand drops to 129 799 kWh. 

Electricity grew to 8771 kWh (but 42% lower than Case 1). Energy performance 

enhanced 35% and correspond to 89 kWh/m2. Payback time was 22 years in low 

electricity cost situation, while high electricity cost scenario extended payback time by 

2 years. 

 

After renovation, energy usage changes a lot in both two cases. Heating demand 

experiences dramatic descent while electricity demand grew up significantly. Finally, 

the total energy demand decreased 35 %. New system could save 237 872 SEK/year for 

all buildings and payback time will longer than 24 years. 

  



 

 42 / 64 

 

  



 

 43 / 64 

 

References 

Global Energy Assessment Council- (2012). “Global energy assessment – Toward a Sustainable 

Future” Cambridge University Press. 

International Energy Agency. (2013). “Technology Roadmap, Energy efficient building 

envelopes”, Paris, France. 

Swedish Energy Agency. (2015). “Energy in Sweden 2015”.  

U.S. Department of Energy. (2010). “Energy Efficiency Trends in Residential and Commercial 

Buildings”, McGraw-Hill Construction, Ch.2. Profiles of Building Sector Energy Use. 

Mangold, M., Wallbaum, H. and Österbring, M. (2015). A Review of Swedish Residential 

Building Stock Research. The International Journal of Environmental Sustainability, 10(2), 

pp.1-17. 

European Commission. (2014). Report on energy efficiency and its contribution toenergy 

security and the 2030 framework for climate and energy policy, in:COM 520 Final, European 

Commission, Brussels, 2014. 

Statistiska Centralbyrån. Statistics Sweden Statistiska meddelanden BO0104AC; Statistics 

Sweden: Stockholm, Sweden, 2016. 

Wang, Qian, and Ivo Martinac. (2013). The Application of LCCA toward Industrialized 

Building Retrofitting− Case Studies of Swedish Residential Building Stock.” In Sustainability 

in Energy and Buildings, p.931–46. 

Mangold, M., Wallbaum, H. and Österbring, M. (2015). A Review of Swedish Residential 

Building Stock Research. The International Journal of Environmental Sustainability, 10(2), 

pp.1-17. 

Mata, É., Sasic Kalagasidis, A. and Johnsson, F. (2013). Energy usage and technical potential 

for energy saving measures in the Swedish residential building stock. Energy Policy, 55, 

pp.404-414. 

Wahlström, Å., Berggren, B., Florell, J., Nygren, R. and Sundén, T. (2016). Decision Making 

Process for Constructing Low-Energy Buildings in the Public Housing Sector in Sweden. 

Sustainability, 8(10), p.1072. 

Bahar, Y., Pere, C., Landrieu, J. and Nicolle, C. (2013). A Thermal Simulation Tool for 

Building and Its Interoperability through the Building Information Modeling (BIM) Platform. 

Buildings, 3(2), pp.380-398. 



 

 44 / 64 

 

Yair Schwartz, Rokia Raslan. (2013). Variations in results of building energy simulation tools, 

and their impact on BREEAM and LEED ratings: Acase study. Energy and Buildings, Vol.62, 

pp350-359. 

Arefeh Hesaraki, Sture Holmberg. (2013). Energy performance of low temperature heating 

systems in five new built Swedish dwellings: A case study using simulations and on-site 

measurements. Building and Environment, Vol.64, pp 85-93. 

G. Verbeeck, H. Hens. (2006). Energy savings in retrofitted dwellings: economically viable? 

Fuel and Energy Abstracts, 47(2), p.151. 

I. Guedi Capeluto, Carlos E. Ochoa. (2014). Simulation-based method to determine climatic 

energy strategies of an adaptable building retrofit façade system. Energy, Vol.76, pp 375–384. 

Mata, É., Sasic Kalagasidis, A. and Johnsson, F. (2014). Cost-effective retrofitting of Swedish 

residential buildings: effects of energy price developments and discount rates. Energy 

Efficiency, 8(2), pp.223–237. 

Fredrik Kjellström, Jörgen Appelgren. (2011). LCC-ANALYS AV FTX-SYSTEM, En 

jämförelse av centralt- och lägenhetsplacerat. Institutionen för geovetenskaper, Byggteknik, 

Uppsala Universitet. 

SABO, Swedish Association of Public Housing Companies. (2011). Profitable energy efficiency 

improvements - myth or opportunity. 

Mattsson, B. (2011). Costs for reducing the energy demand in the Swedish building stock 

according to national energy targets. Report. Swedish National Board of Housing, Building and 

Planning. 

Chenari, B., Dias Carrilho, J. and Gameiro da Silva, M. (2016). Towards sustainable, energy-

efficient and healthy ventilation strategies in buildings: A review. Renewable and Sustainable 

Energy Reviews, 59, pp.1426-1447. 

Hesaraki, A. and Holmberg, S. (2015). Demand-controlled ventilation in new residential 

buildings: Consequences on indoor air quality and energy savings. Indoor and Built 

Environment, 24(2), pp.162–173. 

Mortensen, D. and Nielsen, T. (2011). System Design for Demand Controlled Ventilation in 

Multi-Family Dwellings. International Journal of Ventilation, 10(3), pp.205–216. 



 

 45 / 64 

 

Svensk Ventilation. (2017). Från- och tilluftssystem - Svensk Ventilation. [online] Available at: 

http://www.svenskventilation.se/ventilation/olika-satt-att-ventilera/fran-och-tilluftssystem/ 

[Accessed March 2017]. 

Bertrand, A., Aggoune, R. and Maréchal, F. (2017). In-building waste water heat recovery: An 

urban-scale method for the characterisation of water streams and the assessment of energy 

savings and costs. Applied Energy, 192, pp.110-125. 

CEN and ISO WG, 2006, Energy performance of buildings — Calculation of energy use for 

space heating and cooling, ISO/FDIS 13790:2006(E). 

Abel, E. and Elmroth, A. (2007). Buildings and energy. 1st ed. Stockholm: Formas. 

Boverket, Swedish National Board of Housing, Building and Planning. (2015). Regelsamling 

för byggande, BBR. 



 

 46 / 64 

 

  



 

 47 / 64 

 

Appendix 

Appendix 1. IDA simulation summary - existing system 
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Input data for exist system 
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Appendix 2. IDA simulation summary - Case 1 

 

 

 

*Energy performance in IDA ICE was calculated by floor area. The heating area took 83% of floor 

area. Due to half of basement were not heated. Thus, energy consumption per unit area needs to 

be divided by 0.83. 
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Energy balance of Case 1 
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Appendix 3. IDA simulation summary DCV system - Case 2 
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Energy balance of DCV system 
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Settings for DCV systems 
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Appendix 4. Geometric of House A 

 

 

 

CAD drawing of the floor plan 
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Side view of the Building A 

 

 

Front view of building A 
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Appendix 5. Energy declaration for House A 
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Älvkarlebyhus changed new window for all apartment in the studied area in recent year. 

There is an energy comparison between year 2016 and 2009. The result shows energy 

use in year 2016 did not have significant change. 

 

Owner: Älvkarlebyhus AB Cadastral: Medora 168 

Built: 1960s Building Category: Apartment 

Heating area: 12223 m2 Bulding type: Detached property 

 

Heating consuption 2016 

 

 1 703 030 kWh 

Energy performance 2009 

Energy performance 2016 

141 kWh/m2 och år 

136 kWh/m2 och år 

New buildings  110 kWh/m2 och år 

BBR recomendation 90 kWh/m2 och år 

Renovation case 1 92 kWh/m2 och år 

Renovation case 1 89 kWh/m2 och år 
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Byggnaddens energipresentanda kWh/m2 och år, 
Jämförelsevärden
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Appendix 6. Building construction material and their distribution 
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Construction material’s summary for the buildings. 

 Konstruktion Material U value 

W/(m2K) 

External wall ½ stens fasadtegel 

Mineralullsskiva 6 

cm 

Lättbetong 20 cm  

Brick 

mineral wool board 

6cm 

Light concrete 20cm 

0.31 

External wall 

for basement 

Betong hålsten Hollow brick 25cm 0.6 

Internal wall 1 eller ½ stens tegel 1 or ½ Brick 1.94 

External floor 

 

Skålslipning 3cm 

Betong 8 cm #k8 

C50 

Grusfyllning min 

10 cm 

Gran. Slag 12 cm 

Steel grinding 3cm 

Concrete 8 cm 

Gravel filling 

(granulated type) 

10cm 

1.77 

Internal floor linoleum 

Överbetong 4 cm 

KYL 600/500 

isolag 

Betongvalv 16 cm 

Floor coating 0.5cm 

Concrete 4 cm 

Concrete vault 16 

cm 

3.17 

Roof Mineral ullsmatta 

2.5 cm 

Kutterspån 25 cm 

Betongvalv 14 cm 

light insulation 

2.5cm 

Shavings 25cm 

Concrete vault 14cm 

 

 

0.23 

 

Window  New changed 3 glass 

window 

1.2 

 

 

 


