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Abstract 

Buildings play an important role in formulating sustainable development, which can help to 

decrease environmental impacts, such as energy resource depletion, environmental deterioration 

and climate change due to the use of fossil base fuels. The zero energy/emission concept is 

gaining interest as a renewable energy resource. These types of buildings consist of two design 

strategies: minimizing the total energy demand (heat demand in cold climate) through energy-

efficient measures)EEM (and adapting renewable energy resources and technologies (RET) to 

reduce environmental impacts. This thesis tries to determine the potential of single-family houses 

in reducing total energy consumption and CO2 emission by converting them to zero 

energy/emission buildings in Sweden. To fulfill the goal of this thesis, six different single-family 

houses were selected randomly from the last six decades. Improving the buildings‟ conditions 

and reducing the energy demand through EEM and RET can have several side effects on the 

buildings‟ thermal indoor climate and air quality.  

The results of this thesis show the undeniable potential of the residential sector, practically old 

buildings, in reducing energy consumption and CO2 emission. The results of the energy 

calculations show that in the average case, it is possible to reduce the CO2 emissions to 440.5 

kg/year in a single-family house by converting the house to a zero energy building (ZEB). Since 

2000, by using more electrical equipment and devices and leaving them in standby mode, energy 

consumption has increased, which directly connects to peoples‟ living habits. Further research 

may be required for climate change, life-cycle cost and environmental impacts and social policy. 
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1-Introduction 

Energy is the main requirement for operating buildings, which originates from different energy 

resources. The zero energy/emission concept indicates a building connected to renewable energy 

resources for covering energy demand. There is no clear definition for a zero energy emission 

building, and countries are issuing targets and policies based on zero energy building (ZEB) 

concepts without a clear understanding[1]. In Sweden, Boverket (authority for urban planning, 

urban development, construction and housing) has not presented a comprehensive definition of 

zero energy emission buildings [2]. According to the Renewable Energy Conference (2010) in 

Trondheim, Norway: 

“For the construction of zero energy houses, an additional note states that, on an annual basis, the 

energy use should be less than or equal to the total produced energy, and the same weighted 

energy form factors should be used for both used and generated energy.”[2] 

In this thesis, we try to find on-site renewable energy resources for covering the annual energy 

demand of case studies. Despite building-wide access to district heating in Sweden, the energy 

loss in transporting heat is still notable [3,4].Conversely, there is no possibility of connecting to 

other suppliers [5]. Thus, the on-site energy resources can be an environmentally friendly 

solution. In this thesis, a ZEB is a building that produces its own energy by connecting it to on-

site renewable energy resources.  

Nomenclature 

cp : Specific heat capacity of air 1010 [J/kg] 

m2 : Mass flow air leakage, [kg/s] 

m1 : Mass flow ventilation, exhaust air rate [kg/s] 

Q: heat loss through transmission [W/°C] 
U: u-value [W/m²°C] 

A=area [m²] 

Tin = Arbitrary indoor temperature, (20°C) 

Tut = Monthly average outdoor temperature  

Es : solar heat gain 

Awin : Area of windows 

ŋ: Efficiency of windows 

Rsolar: the amount of solar radiation 

wm


 : The mass of water vapor from humans 

fgh : The enthalpy of evaporation for water vapor at atmospheric pressure 
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Based on Sweden‟s energy association report in 2009, approximately 214TWh of the energy in 

Sweden comes from fossil fuels, which corresponds to 37.5% of the total supplied energy [6]. 

This procedure is increasing because of the industrial processes and huge volume of 

transportation in large metropolises. To minimize the observed climate effects all over the world, 

many governments are imposing several regulations in the way of achieving zero 

energy/emission buildings, such as subsidizing new technologies by governments and 

considering budgets for universities to do new studies.  

In Sweden, the potential for implementing renewable energy resources such as wind or hydro 

turbines already exists. However, because of the release of high amounts of CO2 emissions by 

the residential sector in Sweden, accurate investigations and evaluations are still needed for 

achieving the European Union‟s (EU) target by 2020. Based on EU‟s ambitious goal, all newly 

constructed buildings should be close to a zero energy building by 31 of December 2020 [7]. 

This target looks to reduce both energy consumption and CO2 emission by applying energy-

efficient measures (EEM) andrenewable energy resources or technologies (RET) and by 

evaluating internal conditions, such as the thermal indoor climate and internal CO2 level. 

In this thesis, six different single-family houses have been chosen randomly to evaluate the 

potential of these buildings in reducing energy consumption and CO2 emission. To convert these 

houses to zero energy/emission buildings, the current condition of the buildings should be 

evaluated as the first step. Changing the envelopes with a high u-value to the most efficient ones 

and the old ventilation system to the available high performance ventilation is the second step. 

2-Research questions 

1) How much CO2 emission can be reduced by converting single-family houses to ZEBs?  

2) How much energy demand can be reduced by converting single-family houses to ZEBs? 

 

3-Methodology 

The references used in this thesis project include: survey administration procedures, software, 

pervious research and papers, experiments and online resources.  

One of the most important stages of this research is the modeling phase by the indoor climate and 

energy (IDA) software. For investigating in an efficient way, Myresjohus AB has the main role in 

completing this project because all of the technically required data were handed to the author by 

them. 
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Software 

1- The indoor climate and energy (IDA) software, as a specific energy calculator software for 

Scandinavian countries, has been used for evaluating the energy demand of each case study 

before and after converting them to ZEBs. The 

IDAsoftwareisarecentlydevelopedtoolforbuildingperformancemodelingand simulation. 

This software covers arrange of advanced phenomena, such as integrated air flow and 

thermal models, CO2 modeling and vertical temperature gradients. The EQUA 

Simulation AB is a privately held Swedish company dedicated to the develop state of the 

simulation tools.  

2- The company is headquartered in Stockholm (Sweden) and was founded in 1995, even 

though the development started in the mid-eighties. [8] 

3- The WINSUN software is one of the available programs for designing a solar thermal and 

photovoltaic (PV) system, which was designed by Dalarna University. 

 

 

4-Energy-efficient measures (EEM) 

Because of the environmental impacts of fossil fuels and the limited access to on-site energy 

generation, it is necessary to reduce the energy demand of buildings through EEM. 

Energy-efficient measures are classified into two groups: 

 Building envelopes: windows, doors, thermal insulation of walls and floor 

 Buildings‟ mechanical and electrical systems: lighting and other electrical devices, 

heating, ventilation and air conditioning (HVAC) 
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Table1. Summary of current condition for case studies 

Location Construction 

year 

Area 

m² 

Exist efficient envelopes and 

implications 

Possibility of implementing 

renewable technologies 

Type 

Västerås 

 

 

 

 

Västerås 

 

 

 

Västerås 

 

 

 

Västerås 

 

 

 

 

 

Västerås 

 

 

 

Västerås 

 

 

 

 

2008 

 

 

 

 

1992 

 

 

 

1987 

 

 

 

1978 

 

 

 

 

1967 

 

 

 

 

1957 

169.3 

 

 

 

 

173 

 

 

 

150 

 

 

 

178 

 

 

 

 

115 

 

 

 

 

165 

Thermal insulation, supply and 

exhaust channels, high efficient walls 

 

 

 

Thermal insulation, exhaust channel, 

triple glazing windows, lower WWR 

 

 

Poor thermal insulation,  exhaust 

channels, non efficient and double 

glazing windows, moisture 

 

Without  mechanical ventilation 

system, contrived vents, high volume 

air draft, 

Double glazing windows 

 

Without  mechanical ventilation 

system, contrived vents, high heat 

transmission through floor, Double 

glazing windows 

 

Without  mechanical ventilation 

system, contrived vents, solar shading 

,Double glazing windows, lower 

WWR 

No access to district 

heating, pellet boiler, 

possibility of installing solar 

thermal and PV, heat pump, 

LED lighting 

Access to district heating, 

possibility of installing solar 

thermal and PV, heat pump, 

 

Access to district heating, 

possibility of installing solar 

thermal and PV, heat pump 

 

Access to district heating, 

possibility of installing solar 

thermal and PV, heat pump 

 

 

Access to district heating, 

possibility of installing solar 

thermal and PV, heat pump 

 

 

Access to district heating, 

possibility of installing solar 

thermal and PV, heat pump 

Modern 

 

 

 

 

Classic 

 

 

 

Classic 

 

 

 

Classic 

 

 

 

 

Classic 

 

 

 

 

Classic 

 

 

 

4-1-Building envelopes 

The aim of analyzing building envelopes is to limit the amount of transferred heat through 

transmission in both cold and warm periods of a year. The thermal insulation, thermal mass and 

glazing areas are three key points in the efficiency of envelopes and their u-value and 

performance. In this thesis, the effect of improving the insulation layer of walls, roofs and floors 
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will be analyzed to figure out the potential of each building in reducing heat loss through 

transmission. 

4-2-Buildings’ mechanical and electrical systems 

Electrical devices and HVAC systems are two major electricity consumers, accounting for 20to 

30% and 40 to 60% of the total energy consumption, respectively. [9, 10]  

In old Swedish single-family houses, a contrived vent (självdrag) was designed under or above 

the window‟s frame, which ventilated indoor air naturally. Because of the loss of an extreme 

volume of heat through this system, covering those vents is necessary. In most recently 

constructed single-family houses in Sweden, a high-performance ventilation system are installed, 

which is known as the FTX system. 

 

Fig 1. Heat loss through transmission, ventilation and air leakage before and after EEM. An 

improvement has been performed by changing the windows with Elit passive glass, improving 

the insulation layers and installing a high performance ventilation system, FTX. 
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Fig2.Total heat demand (including 5000kWh/year domestic hot water) before and after 

improvement by installing an FTX ventilation system and Elit passive glass (EEM) 

 

4-3-Results  

In this thesis, the defined optimum u-values for the external walls, inner zone floor, outer zone 

floor and windows with Elit passive glass are 0.16, 0.08, 0.1 and 0.8 W/m².°C, respectively. As 

shown in figure 1, implementing an EEM (energy-efficient measurement) in six case studies 

shows that the total reduced heat loss through transmission is approximately 10% of the initial 

value in the newest villa, while this value increases to 48% in the oldest case study. Using 

double-glazed windows and balcony doors resulted in a large volume of heat losses through the 

glazing area in old case studies. After replacing the windows and balcony doors with Elit passive 

glass, the total transmission through the glazing area is reduced to 25% and 27% in villas that 

were built in 1957 and 1967, respectively. 

The FTX system with the supply and exhaust channels and heat exchanger in between has a 

specific airflow rate for every room in buildings. Controlling the exhaust airflow rate and 

reducing it to the possible minimum levelwould reduce the energy consumption and omit the 

over ventilation problem. At the same time, maintaining carbon dioxide and other contaminant‟s 

concentration at suitable levels will minimize sick building symptoms. In this thesis, the assumed 
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air leakage value of the ventilation system is 0.05 ach/hr(air change per hour) plus an additional 

leakage due to pressurization, which accounts for 10% of the exhaust airflow. The newest case 

study was occupied with a normal ventilation system without a heat exchanger. However, there 

was no mechanical ventilation in buildings that were built in 1987, 1978, 1967 and 1957, and 

house owners used natural ventilation by opening windows and doors in warm periods of the 

year. Because of the inaccessibility to the airflow rate through open windows and doors, the heat 

loss through openings is assumed as zero. As seen in figure1, by installing more pipes in the 

FTX system, the total air leakage through those channels is increased. However, in the third case 

study for a building built in 1987 that had adverse building tightness and air leakage through a 

wooden floor, the air leakage after implementing EEM is less than the first value.  

Figure 2 shows that implementing EEM in old single-family houses with high energy demands in 

Sweden is very effective, and it shows the importance of analyzing and preparing documentary 

results for these buildings, especially old villas that are located in the countryside of provinces.  

 

5-Renewable energy resources and other technology 

Even when implementing the most energy-efficient envelopes and ventilation systems, buildings 

still need energy for the day-to-day requirement. In the case of zero energy/ emission buildings, 

energy demand should be achieved by renewable energy resources. Major comment technologies 

in Sweden are photovoltaic (PV) cells, solar thermal collectors and heat pumps. The advantages 

of each technology were analyzed in the newest single-family house, which was built in 2008. 

The total energy demand of this villa was reduced to 26,656kWh/year after implementing EEM, 

including 5000 kWh/year domestic hot water and 4656kWh/year electricity demand.  

 

5-1-Photovoltaic cell 

A photovoltaic (PV) system, which is known as solar cell, is a semiconductor device that 

transforms solar radiation to electricity. In a PV cell, an absorbed sunlight photon drives away 

the electrons of atoms. These free electrons move through the cell and create holes. This 

movement in the system generates electricity and is known as the photovoltaic effect [11]. 

The PV system can be used for producing heat, DHW and also electricity. In most cases, 0.15% 

of the total delivered energy losses occur during heat transporting.  
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Cost estimation 

It is possible to find a variety of brands of photovoltaic systems in Sweden with different 

characteristic options. Billesol AB offers several complete photovoltaic packages produced by 

Germany. Each package includes: 

 Photovoltaic panel 

 Inverters 

 Cable between the solar cells and inverters 

 Mounting Profiles 
 4.14 kWp 

A suitable package for covering the electricity demand of case studies can cost approximately 

67,500 kr, and after taxes will increase to 85,000 kr [12]. 

 

5-2-Solar thermal collector 

A solar collector works as a heat exchanger, which transforms solar radiation energy to utilizable 

heat. There are two available types of solar collectors: concentrating and non-concentrating 

collectors. Concentrating collectors can increase efficiency by concentrating the solar radiation 

on their convex absorber plate, but non-concentrating collectors have the same area for 

intercepting and absorbing solar radiation. [11] 

 

Cost estimation: 

A solar thermal system for hot water is usually the easiest system for houses without a storage 

tank or direct electric heating. The best savings is obtained if the old water heater is replaced 

with a new one. To obtain the most efficient system in Sweden, a widespread survey was 

performed using Swedish marketing. 

Regarding the SVESOL AB database, which was published in 2012, a complete system for 

covering 2316kWh domestic hot water can cost approximately 27,000 kr with insulation, and 

after taxes will increase to 32,500 kr.  This package includes: 

 3-piece solar Svesol Favorite (Aperture 6 m²) 

 Solar circuit fixture SKA Sencon, controller DeltaSol BS Plus and expansion tank (18 liters) 

 25-m solar heat pipe with high temperature insulation 

 Heat transfer fluid Tyfocor LS (15 liters) 
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Compatible with: 

 1 to 2 people, small house 

 Recommended storage tank, approximately 400 liters 

Energy exchange and price: 

 2316 kWh/year (at 50°C) 

 69,480 kWh in life expectancy (30 years) [13] 

 

5-3-Heat pump  

A heat pump is an electrical device that extracts heat from one place and transfers it to another. 

The most common type of heat pump is the air-source heat pump which transfers heat between a 

house and the outside air. However, the efficiency of most air-source heat pumps as a heat 

source drops dramatically at low temperatures and generally makes them unsuitable for cold 

climates. Higher efficiencies are achieved with geothermal (ground-source or water-source) heat 

pumps, which transfer heat between a house and the ground or a nearby water source. 

Geothermal heat pumps have low operating costs because they take advantage of a relatively 

constant ground or water temperatures. However, the installation depends on the size of the 

subsoil and landscape. Ground-source or water-source heat pumps can be used in more extreme 

climatic conditions versus air-source heat pumps. [14] 

By the end of this section, we will decide which type of heat pump is the most profitable one for 

the cold climate. 

 

5-3-1-GroundSourceHeat Pumps (Bedrock) 

The ground-source heat pumps are a reliable choice for reducing the energy consumption of the 

house. The general COP of the ground-source heat pump is approximately three. One of the 

major draw backs, however, is the initial cost of the system, which is sometimes three times as 

much as the conventional outside air or exhaust air system. 

The SVEP, Swedish Heat Pump Association has given an approximate value for the drilling cost 

for a geothermal heat pump system with respect to the area under consideration and the amount 

of heating required, which is approximately 40,000 SEK for the bore hole for the newest case 

study. 
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Table 2. Geothermal Heat Pump Comparison [17] 

Geothermal Heat Pumps 

Make & Model 
Power 

Input/Output 
COP 

Energy 

Saving(KWh) 

Indicated 

Price(SEK) 

Estimated Cost for 

Installation Excluding 

Drilling Costs (SEK) 

Final 

cost 

(SEK) 

Thoren Komplett 09 2.7/8.4 3.1 17 000 59 000 10 000–20 000  119000 

Nibe Fighter 1230-10 

kW  2.3/7.1 3.1 17 000 59 000 10 000–20 000  

119000 

Thermia Diplomat 

Optimum 10 2.6/8.0 3.1 16 700 62 000 10 000–20 000  

122000 

IVT Green line HT 

Plus C9  2,4/7,2  3.0 17 000  75 000 10 000–20 000  

135000 

 

By assuming a 25-year life cycle for geothermal heat pumps with an electricity price of 

approximately 1 SEK/kWh in Sweden, the profitability of the system will be approximately 

17,000 SEK/year. The investment will start reaping benefits from the 8
th

 year in operation and 

correspond to a 300,000 SEK savings over its lifetime. If the factor of rising energy prices is 

taken into account, then the savings is even more and the payback period is even less. 

5-3-2-ExhaustAirHeatPumps 

The exhaust air heat pump is a common solution in Swedish villas with less upfront capital cost 

and higher efficiency than the outside air pump. There are many pumps on the market by various 

manufacturers claiming very high efficiency values.  

 

Table 3.Exhaust air heat pumps‟ comparison [17] 

Exhaust Air Heat Pumps 

Make & Model 
Power 

Output 
COP 

Energy 

Saving(KWh) 

Indicated 

Price(SEK) 

Estimated Cost for 

Installation (Ducts, 

Electrics, Plumbing) 

(SEK) 

Final  

Cost 

(SEK) 

THERMIA SOLVIK 1.8 3.1 9650 42 400 15 000 107500 

NIBE FIGHTER 350P  1.8 2.8 9770 38 000 15 000 103500 

IVT/ELEKTRO-

STANDARD 480  1.7 3.2 9940 35 500 15 000 

10100 
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The overall cost of installing the exhaust air heat pumps is approximately 50,500 SEK. By 

assuming a 15-year life cycle for the system with an electricity price of approximately 1 

SEK/kWh, the exhaust air heat pump implies an approximately 10,000 SEK savings per annum. 

The investment will start reaping benefits from the 6
th

 year in operation and will correspond to a 

100,000 SEK savings over its lifetime. 

 

5-3-3-Air-AirHeat Pumps (Outside Air) 

The air-air heat pumps are the cheapest solutions with the smallest upfront capital cost. There are 

many pumps on the market by various manufacturers. The air-air heat pump can only deliver 

active heating but no hot water, which is the main disadvantage of this system. 

 

Table4. Air-Air heat pump comparison [17] 

Air- Air 

Make & 

Model 

Power 

Output 

COP Energy 

Saving(KWh) 

Indicated 

Price(SEK) 

Estimated Cost for 

Installation (Ducts, 

Electrics, Plumbing) 

(SEK) 

Final cost 

(SEK) 

SANYO 1,8/3,6 2 9500 19900 - 19900 

IVT 1,56/3,6 2.3 10500 22000 - 22000 

 

The estimated life of the system is approximately 10 to 15 years and then similar to the air-water 

system the compressor usually needs changing, which costs approximately 10,000 SEK. The 

indicated price includes the price of the pump plus the installation costs, which are very minimal 

compared to other types of pumps. 

 

5-3-4-Air-WaterHeat Pumps 

The air-water system is a less common system in the Swedish market basically because of the 

high initial investment cost and the insufficiently low COP value to warrant the energy 

demand[15]. 

The estimated life of the system is approximately 10 to 15 years, but after this period, the 

compressor normally needs to be changed. 
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Table 5. Air-water heat pump comparison [17] 

Air- Water 

Make & 

Model 

Power 

Output 

COP Energy 

Saving(KWh) 

Indicated 

Price(SEK) 

Estimated Cost for 

Installation (Ducts, 

Electrics, Plumbing) 

(SEK) 

Final cost 

(SEK) 

Sirius s2-7 3.3/7.2 2.2 13490 82500 10000-20000 102500 

Atria 

optima 

3.25/7.8 2.4 14810 93375 10000-20000 113375 

 
By estimating the 1 SEK/kWh electricity price in Sweden, the payback period of the air-water heat pump 

system will be approximately seven years. The investment will start reaping benefits from the 8
th
 year in 

operation, and the savings over the life cycle of the air-water heat pump is approximately 110,000 SEK. 

 The life cycle of the compressor is approximately 15 years, while the water-based radiator 

system has a longer life and can be used with more or less zero maintenance.  

 

5-3-5-Comparison of the heat pumps 

The air-source pumps, especially the air-air heat pump, have low investment costs upfront and an 

advantage over the ground-source pumps in terms of an extremely short payback period. 

However, an important thing to remember is that the air-air heat pump does not provide hot 

water. However, as seen in table 7, the energy savings over the life span overcomes the initial 

investment quite easily, and the investment yields tremendous savings.  

Table6. Payback Period for various types of pumps 

Payback Period 

Type of heat pump Payback period 

Air-Air 2.1 

Air-Water 7.6 

Exhaust Air 5 

Bedrock 7 
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Table 7. Savings for different installations over the life cycle 

Savings over the life cycle 

Type of heat pump Savings 

Air-Air 55000 

Air-Water 110000 

Exhaust Air 100000 

Bedrock 300000 

 

The evidence cannot be denied that the bedrock pump is simply more efficient. The hole has 

been drilled once, even if the pipes need to be changed. 

It would be a great help if the bedrock heat pumps are subsidized by the government or if loans 

are given at substantially lower interest rates for the installation of bedrock heating pumps. The 

result would provide an extremely positive impact both on the energy side and environmental 

side because it would lower the peak demand and increase the awareness regarding the possible 

benefits. 

Because the energy prices will increase in the upcoming years in such countries as Germany 

where the energy cost is already extremely high compared to Sweden, the benefits of installing 

ground-source heating are substantially more considerable. 

Thus, it can be concluded that the bedrock heat pump would be the best solution for single-

family houses and would yield notable energy savings. 

 

6-CO2 reduction 

During the last decade, by using more electrical equipment, such as computers and laptops, and 

by leaving them in standby mode, energy consumption has increased, which is directly 

connected to people‟s living habits. To evaluate the current building conditions in Sweden, 

convert to these building to ZEBs and reduce CO2 emissions, a widespread investigation is 

needed. Additionally, a detailed definition of a zero energy/emission building is required by the 

Swedish energy association based on this country‟s standards.  

 

6-1-CO2 reduction through EEM  

Based on the IEA report, one kWh electricity corresponds to 40gr CO2 emission in Sweden [16].  
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The outputs of the calculations show the old buildings‟ potential for reducing energy 

consumption and CO2 emission. As an average case, it is possible to minimize approximately 

440.5 kg/year CO2 emission by replacing envelopes, implementing the FTX ventilation system 

and using the available passive heat in the six chosen single-family houses. For the CO2 

footprint, this huge volume of CO2 emission can be effective in moving toward environmental 

improvement strategies. 

 

Fig 3.CO2 reduction by installing an FTX ventilation system and Elit passive glass 

Figure 3 shows that renovating an old building has a largeeffect on CO2 emission reduction.  

The outputs indicate the undeniable potential of the residential sector in reducing CO2 emission 

as one of the greenhouse gases. However, because of the inaccessibility to new technologies and 

the impossibility of encouraging house owners to replace old envelopes and install an FTX 

ventilation system, it is essential to find other solutions for achieving EU‟s goal by 2020. 

 

6-2-CO2 reduction  through  RET 

As mentioned previously, a zero energy/emission building is an adopted concept for renewable 

energy resources and new technologies. Choosing a renewable energy resource depends on the 

geographical location of a building and the availability of profitable technologies. In addition, 

various packages can be suggested to achieve optimum energy savings, such as combined a solar 

thermal and PV system, heat pump and PV system. The potential of the newest single-family 

house in reducing CO2 emission per year via RET is shown in figure 4, while it is assumed that 
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EEF measures have been applied on the newest single-family house. 

 

 

Fig 4. Potential of renewable energy resources in reducing CO2 emission per year 

 

6-3-Total CO2 reduction 

Reducing the energy demand through EEM strategies and covering the minimized demand via 

RET are effective ways for moving toward the EU‟s target of achieving zero energy/ emission 

buildings by 2020. 

   

Fig 5. Total CO2 reduction for different scenarios 

Figure 5 shows the potential of each scenario in decreasing the CO2 emission in the newest 
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single-family house. Implementing bedrock heat pumps and a PV system has an effective 

influence in covering the minimized energy demand. In this package, the PV system produces 

the electricity demand of the bedrock heat pump, while the heat pump supplies the heat 

demand of the building. This package, in addition to changing envelopes and installing an FTX 

system (EEM), reduces 80% of the total CO2 emission and energy demand (including 

electricity, heat and domestic hot water). 

 

 

Fig 6. CO2 reduction percentage in six single-family houses by applying EEM and RET(PV collectors 

and bedrock heat pumps) 

As shown in figures 5 and 6, because of cold weather in Sweden, the high cost of installing a 

solar thermal and PV system for a few hours of sunlight and low solar intensity, this technology 

is inappropriate for single-family houses in cold climates. Despite improving the efficiency of 

solar systems recently, but these systems are not efficient enough for single-family houses in 

Sweden, especially when more profitable systems are available. However, the combination of a 

PV system for providing the heat pump‟s electricity demand and a bedrock heat pump can be a 

significant solution for cold climates with high heating demand buildings. 
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7-Discussion  

According to the energy association of Sweden, approximately 32% of the total supplied energy 

comes from fossil fuels for which the residential sector covers a notable part of the supplement 

[6]. Regarding calculations, it is possible to minimize approximately 440.5 kg/year CO2 

emission by replacing envelopes, implementing an FTX ventilation system and using the 

available passive heat in six chosen single-family houses (EEM), which corresponds to a nearly 

80% reduction in CO2 emissions in these buildings. For the CO2 footprint, this large volume of 

CO2 emission can be effective in moving toward environmental improvement strategies, while 

the total CO2 emission by the residential sector in Sweden is approximately 3.3 million tons in 

2009[6]. 

The amount of demand energy reduction by implementing EEM varies between 16% of the 

initial demand in the newest case study to 62% in oldest one, which correspond to 

4000kWh/year and 20,000kWh/year, respectively. However, in the last decades,by using more 

electrical appliances and devices and leaving them in standby mode, the total electricity demand 

has increased constantly.  

The importance of implementing EEM and RET becomes much more clear when we know that 

approximately 10% of the total delivered energy in the residential sector is produced directly by 

fossil fuels[6].Choosing an on-site renewable energy resource depends on the geographical 

location of a building and the availability of profitable technologies. Despite improving the 

efficiency of solar systems recently, these systems are not efficient enough for single-family 

houses in Sweden, especially when more profitable systems are available. However, the 

combination of a PV system and a bedrock heat pump, while PV cells are providing the required 

electricity for the heat pump, can be a significant solution for buildings with high heating 

demand in cold climates. Connecting to other energy grids to provide the required energy, any 

problem for on-site renewable resources or colder seasons is important. 

In addition to all of the studies that were performed for low energy buildings, passive houses and 

ZEBs in Sweden, there are still many barriers in the way of converting existing buildings to 

ZEBs. The lack of a comprehensive definition from Boverket makes it difficult for researchers 

and companies to define guidelines and design or convert current buildings to ZEBs. On the 

other hand, there are many single-family houses, especially in the country sides of each province 

that do not have good documentation of materials, envelopes, and applied changes in the last 
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several years on buildings. Most of these buildings do not have access to district heating, and 

they are using pellet, oil or el boilers. The other problem, which directly affects energy 

consumption, is peoples‟ living habits. The hot water demand, el consumption, running 

ventilation system, low or high temperature for the boiler and number of family members can all 

affect the total energy demand of a single-family house.  

Further research may be required for the climate change, life cycle cost and environmental 

impacts and social policy.  

Climate change: Global warming will lead to more cooling requirements especially in warmer 

climates. Thus, more endeavors should be directed to the environmental effectiveness of district 

cooling in the context of city and urban designing [18]. 

Life cycle cost and environmental impacts: The ZEB concept raises the question of “in what 

scale and depth the energy-efficient measure should be taken before renewable energy 

technologies are considered to cater to the energy requirement” [19]. A recent study in Denmark 

on residential buildings indicates that the total energy demand must be reduced to a minimum 

level through EEM, while RET covers a small amount of the energy requirement [19]. 

Additionally, in many studies, it has been noted that the CO2 reduction and life cycle of 

environmental impacts, such as the potential of ozone layer depletion, terrestrial ecotoxicity and 

a biotic resource depletion, should be taken in consideration [20], which directly affects the 

carbon footprint of different conventional and renewable energy technologies. 

Social policy:  As a point of sustainability, it is important to monitor the energy policy effects in 

the economic and social dimensions. 

Additionally, because of the inaccessibility to new technologies and the impossibility of 

encouraging house owners to replace old envelopes and install an FTX ventilation system, it is 

recommended that other solutions be found, such as free educational courses for saving energy, 

more TV programs and spreading free compendium to achieve EU‟s goal by 2020. 

 

8- Conclusions 

 Approximately 440.5 kg/year CO2 emission can be reduced by converting a single-

family house to a ZEB by implementing EEM and RET. 

 Features of EEM: First, thermal insulation is more effective in heating demand buildings 

in cold climates, such as Sweden. Second, it should be noted that over-insulation can 
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increase energy consumption for indoor conditioning. Third, the use of maximum 

daylight and solar heat can also minimize heat loss through transmission, achieving the 

optimum glazing area to wall ratio (WWR), which is important. 

 RET consists of the solar thermal collector, photovoltaic cell and heat pumps. In general, 

most of the renewable energy resources have an effective role in covering the minimized 

energy demand. However, in Sweden, the potential of the combined PV system with the 

bedrock heat pump in supplying energy and reducing CO2 emissions is greater than other 

technologies. The results of this thesis indicate an 80% reduction in minimizing CO2 

emission through EEM and RET (combined PV cells and heat pump) and in minimizing 

CO2 release in six single-family houses. 

 The total price of implementing the PV cells and bedrock heat pump is approximately 

185,000 SEK with a nine-year payback period, which corresponds to a 320,000 SEK 

savings over the life cycle of the system. 

 Further research may be required for the climate change, social policy and life cycle cost 

and environmental impacts of ZEBs. 
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Glossary 

COP: Coefficient of performance 

EEM: Energy efficient measure 

RET: Renewable energy resources and technologies 

ZEB: Zero energy/ emission building 

HVAC: Heating, ventilation and air conditioning 

PV: Photovoltaic 

EETP: Evaluation on energy and thermal performance 

ETTV: Envelope thermal transfer value 

OTTV: Overall thermal transfer value 

IMC: International mechanical code 

PPM: Parts per million 

PPD: Predicted percentage dissatisfied 

PMV: Predicted mean vote 

SBS: Sick building syndrome 

ACH: Air change rate 

WWR: window-wall ratio 
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Appendix 

  

Calculating total energy demand in newest case study before EEM 

Heat loss 

 

1- Air leakage  

Drafts air leakage=  m2  
kg

s
 ∗ cp  

J

kg
 /3000  

 Assumed air leakage : 0.05  arch/hr 

0.05 * 505.4 = 25.27 

Translation into KG/S             25.27 / 3000 = 0.008 kg/s 

Multiplying by density              0.008 * 1010 = 8.508 w/c 

 

*total heat lost by air leakage: 8.508 w/c 

 

2- Ventilation  

Vantilation heat loss =  m1  
kg

s
 ∗ cp  

J

kg
 /3000  

 Simple exhaust air system 

 Assuming a design exhaust airflow of 0.65 Ach per hour 

0.65* 505.4 = 328.51 m³/h 

Translation into KG/S             328.51 / 3000 = 0.1106 kg/s 

Multiplying by density              0.1106 * 1010 = 110.6 w/c 

Total m.cp =110.6 + 8.5 = 119.1 W/C 

 

3- Transmission 

The construction drawings showed materials in different layers with measurements and 

similar building parts existed in the Swedish construction site with accurate U values. 

The thermal cold bridges was estimated from the Swedish homepage Swedisol.se 

Q= U.A 
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Part of the  

Building 

U Value Area  U.A Proportion Of 

Qtot  

W/m2 C M2 W/C % 

     

External Walls 0.16 117.5 18.8 6.4 

Window Glass 1.30 32.4 42.1 14.3 

Inclined Ceiling 0.13 98.7 12.4 4.2 

Attic ceiling 0.10 38.4 3.8 1.3 

Floor Inner zone 0.08 67.6 5.6 1.9 

Floor Outer Zone 0.10 40.4 4.2 1.4 

External Doors 1.30 4.2 5.5 1.9 

Aluminium partition 1.60 8.0 12.8 4.3 

  407.2   

     

Thermal Bridges     

     

Part of the  

Building 

Ψ  Value Length  Ψ.A Proportion Of 

Qtot  

% 

W/m C M W/C 

     

Connection Wall-Ceiling 0.30 65.0 19.5 6.6 

Connection Wall-Floor 0.10 44.4 4.4 1.5 

Connection carpentry 0.30 150.0 45.0 15.3 

Connection  Wall-Wall   0.05 22.4 1.1 0.4 

     

Total 0.69 281.8 175.2 59.5 
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4- Calculating the monthly average Heat Loss with a monthly average outside air 

temperature  

E [kWh] = (Qtot ∗  Tin −  Tut  ∗ 24 )/1000 

January 

= 294.3 x (20 - (-4.1)) x 24 x 0.001 = 170.22 

February 

= 294.3 x (20 - (-0.6)) x 24 x 0.001=170.92 

March 

= 294.3 x (20 - (-0.6)) x 24 x 0.001=145.5 

April 

= 294.3 x (20 - (+4.2)) x 24 x 0.001=111.6 

May 

= 294.3 x (20 - (+10.5)) x 24 x 0.001=67.1 

June 

= 294.3 x (20 - (+15.3)) x 24 x 0.001=33.2 

 

July 

= 294.3 x (20 - (+16.6)) x 24 x 0.001=24 

August 

= 294.3 x (20 - (+15.5)) x 24 x 0.001=31.78 

September 

= 294.3 x (20 - (+11.3)) x 24 x 0.001=61.45 

October 

= 294.3 x (20 - (+6.9)) x 24 x 0.001=92.5 

November 

= 294.3 x (20 - (+1.5)) x 24 x 0.001=130.67 

December 

= 294.3 x (20 - (-2.4)) x 24 x 0.001=158.21 

„ 

Heat gain  

1- Electricity 

The heat gain from electricity is equivalent to the electricity use inside a building. In 

average case a house in Sweden uses 4800 KWh/yr which corresponds to 1.38 Btu/hr. 

2- People 

The sensible heat gain is the required energy to condense the water vapor given off by 

human respiration and perspiration. 

fgwlatent hmQ


  

3- Hot water 

According to ASHREA standard the mean amount of hot water heat gain in residential 

sector is 3KWh/day. 
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4- Solar radiation 

For achieving the analytical results, it is necessary to classify days in three groups; clear 

days, semi clear days and cloudy days for each façade. 

Es = Awin x Rsolar x ƞ x 0.001 (KWh) 

 

 Total area of the Windows is 32.4 m² 

 The amount of glass area facing towards each façade is 

              South = 12 m² 

              North = 5.9 m² 

              East = 6.5 m² 

              West = 8.0 m² 

 

 

Cloudy Day 

 From the tables for Solar Radiation using Västerås latitude, 90 degree Orientation, For 

the Month of January 

      South = 12 m² * 273(Wh/m²)*0.55* o.oo1 

Passive Heat from South Facing Windows = 1.80 KWh 

North = 5.9 m² * 70(Wh/m²)*0.55* o.oo1 

Passive Heat from North Facing Windows = 0.28 KWh 

East and West = 14.5 m² * 92(Wh/m²)*0.55* o.oo1 

Passive Heat from East/West Facing Windows = 0.73 KWh 

 Summing up the total Radiation for the month of January for a Overcast day = 1.8 + 0.28 

+ 0.73= 2.8 kwh 

Overcast Days  

Jan 2.8 July 19.3 

Feb 6.71 August 16.18 

March 11.08 September 11.87 

April 14.43 October 7.38 

May 18.1 November 3.35 

June 20.03 December 1.45 

Calculation for overcast days for the whole year.kWh 
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Semi Clear Day 

 From the tables for Solar Radiation using Västerås latitude, 90 degree, Orientation, For 

the Month of January 

South = 12 m2 * 1171(Wh/m²)*0.55* o.oo1 

Passive Heat from South Facing Windows = 7.73 KWh 

North = 5.9 m2 * 99(Wh/m²)*0.55* o.oo1 

Passive Heat from North Facing Windows = 0.32 KWh 

East and West = 14.5 m2 * 217(Wh/m²)*0. 55* o.oo1 

Passive Heat from East/West Facing Windows = 1.73 KWh 

 Summing up the total Radiation for the month of January for a Semi Clear day = 7.73 + 

0.32 +1.73= 9.78 KWh 

 

Semi Clear Days  

Jan 9.78 July 52.14 

Feb 20.72 August 46.12 

March 32.86 September 37.25 

April 42.56 October 26.01 

May 49.78 November 13.26 

June 53.48 December 6.15 

Calculation for Semi Clear days for the whole year. Units KWh  

Clear Day 

 From the tables for Solar Radiation using Uppsala 60 degree latitude, 90 degree, 

Orientation, For the Month of January 

South = 12 m² * 1925(Wh/m²)*0.55* o.oo1 

Passive Heat from South Facing Windows = 12.70 KWh 

North = 5.9 m² * 90(Wh/m²)*0.55* o.oo1 

Passive Heat from North Facing Windows = 0.3 KWh 

East and West = 14.5 m² * 291(Wh/m²)*0.55* o.oo1 

Passive Heat from East/West Facing Windows = 2.32 KWh 

 Summing up the total Radiation for the month of January for a Clear day = 12.7 + 0.3 + 

3.32= 16.32 KWh 
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Clear Days  

Jan 16.32 July 63.12 

Feb 30.75 August 57.92 

March 45.67 September 49.91 

April 54.75 October 37.5 

May 61 November 20.44 

June 64.19 December 9.82 

Calculation for Clear Days for the whole year. kWh 
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M
o

n
th

 

Total 
heat 
loss 

Passive Heat Total Amount of 
Active Heating Per 

month 

Electricity 

P
eo

p
le

 

H
o

t w
ater 

Solar Heat Gain 

To
tal 

Category of 
day 

No. of 
days 

Solar 
Energy 

JAN 170.22 13.7 6 3 CLOUDY 18.5 2.5 41.2 4101 

13.7 6 3 SEMI 
CLEAR 

8.7 8.8 31.5 

13.7 6 3 CLEAR 3.8 13.8 36.5 

FEB 170.92 13.7 6 3 CLOUDY 15 6.7 29.4 3740 

13.7 6 3 SEMI 
CLEAR 

9 20.72 43.4 

13.7 6 3 CLEAR 4 30.7 53.4 

MAR 145.5 13.7 6 3 CLOUDY 12.2 11.0 33.7 2960 

13.7 6 3 SEMI 
CLEAR 

11.5 32.8 55.5 

13.7 6 3 CLEAR 7.3 45.6 68.3 

APR 111.6 13.7 6 3 CLOUDY 10.5 14.4 37.1 1615 

13.7 6 3 SEMI 
CLEAR 

13.7 42.5 65.2 

13.7 6 3 CLEAR 5.8 54.7 77.4 

MAY 67.1 13.7 6 3 CLOUDY 8.7 18.1 40.8 229 

13.7 6 3 SEMI 
CLEAR 

14.5 49.7 72.4 

13.7 6 3 CLEAR 7.8 61 83.7 

JUNE 33.2 13.7 6 3 CLOUDY 7.8 20.0 42.7 No Requirement 

13.7 6 3 SEMI 
CLEAR 

16.5 53.4 76.1 

13.7 6 3 CLEAR 5.7 64.1 86.8 

JULY 24 13.7 6 3 CLOUDY 8.3 19.3 42 No Requirement 

13.7 6 3 SEMI 
CLEAR 

16.7 52.14 74.8 

13.7 6 3 CLEAR 6 63.12 85.8 

AUG 31.78 13.7 6 3 CLOUDY 9.9 16.18 38.8 No Requirement 

13.7 6 3 SEMI 
CLEAR 

15.5 46.12 68.8 

13.7 6 3 CLEAR 5.6 57.9 80.6 

SEP 61.45 13.7 6 3 CLOUDY 9.9 11.7 34.5 284 

13.7 6 3 SEMI 
CLEAR 

14.6 37. 60.2 

13.7 6 3 CLEAR 5.5 49.9 72.6 

 
OCT 

 
92.5 

13.7 6  
3 

CLOUDY 14.7 7.3 30.0  
1578 
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13.7 6 3 SEMI 
CLEAR 

11.7 26.0 48.7 

13.7 6 3 CLEAR 4.6 37.5 60.2 

NOV 130.67 13.7 6 3 CLOUDY 19.7 3.3 26.0 3017 

13.7 6 3 SEMI 
CLEAR 

7.6 13.2 35.9 

13.7 6 3 CLEAR 2.7 20.4 43.1 

DEC 158.21 13.7 6 3 CLOUDY 19.9 1.4 24.1 4093 

13.7 6 3 SEMI 
CLEAR 

8.2 6.1 28.8 

13.7 6 3 CLEAR 2.9 9.8 32.5 

Total         21617 

 

Total heating demand in newest case before EEM is around 25000 kWh including how water 

before EEM and el. 
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Calculating total energy demand in newest case study after EEM 

Heat loss 

 

1- Air leakage  

Drafts air leakage=  m2  
kg

s
 ∗ cp  

J

kg
 /3000  

 Assuming an air leakage value of 0.05ach/hr, this amounts to 25.27 m3/hr of air flow due 

to air leakage. 

 Plus an additional leakage due to pressurization (10 % of exhaust air flow) which is 0.1 x 

328.51= 32.85 

Translating this into kg/s               32.85/3000 = 0.19 kg/s 

Multiplying by density           0.19*1010 = 19.57 W/C 

Total Loss due to Air Leakage = 19.57 W/C 

 

2- Ventilation  

Vantilation heat loss =  m1  
kg

s
 ∗ cp  

J

kg
 /3000  

 Assuming a design airflow of 0.65 Ach per hour 

               =505.4 * 0.65=328.51 m³/h 

 Assuming that 90 % of this is the supply air flow 

               =328.51 * 0.9=295.65 m³/h 

Translating this into kg/s              295.65/3000 =0.099 kg/s 

Multiplying by density           0.099*1010 =99.54 W/C 

 Multiplying by Temperature Efficiency; (1-ηvx)=(1-0.7) 

                =99.54. (1-0.7)=29.86 

Total Loss due to mechanical Ventilation is = 29.86 W/C 

 

3- Transmission 

Q= U.A 

 

 



32 
 

Part of the  

Building 

U Value Area  U.A Proportion Of 

Qtot  

W/m2 C M2 W/C % 

     

Externall Walls 0.16 117.5 18.8 6.9 

Window Glass 0.80 32.4 25.9 9.6 

Inclined Ceiling 0.13 98.7 12.4 4.6 

Attic ceiling 0.10 38.4 3.8 1.4 

Floor Inner zone 0.08 67.6 5.6 2.1 

Floor Outer Zone 0.10 40.4 4.2 1.5 

External Doors 1.30 4.2 5.5 2.0 

Aluminium partition 1.60 8.0 12.8 4.7 

 

 

407.2 

       

Thermal Bridges     

     

Part of the  

Building 

Ψ  Value Length  Ψ.A Proportion Of 

Qtot  

% 

W/m C M W/C 

     

Connection Wall-Ceiling 0.30 65.0 19.5 6.6 

Connection Wall-Floor 0.10 44.4 4.4 1.5 

Connection carpentry 0.30 150.0 45.0 15.3 

Connection  Wall-Wall   0.05 22.4 1.1 0.4 

     

Total 0.63 281.8 159.0 58.6 

 

 

*** The amount of other parameters after implementing EEM is the same as initial condition. 
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M
o

n
th

 

Total 

heat loss 

Passive Heat Total Amount of Active 

Heating Per month 

E
lectricity

 

P
eo

p
le 

H
o

t w
ater 

Solar Heat Gain 

T
o

tal 

Category of 

day 

No. of 

days 

Solar 

Energy 

JAN 120.53 13.7 6 3 CLOUDY 18.5 2.5 41.2 2561 

13.7 6 3 SEMI 

CLEAR 

8.7 8.8 31.5 

13.7 6 3 CLEAR 3.8 13.8 36.5 

FEB 121.03 13.7 6 3 CLOUDY 15 6.7 29.4 2343 

13.7 6 3 SEMI 

CLEAR 

9 20.7 43.4 

13.7 6 3 CLEAR 4 30.7 53.4 

MAR 103.03 13.7 6 3 CLOUDY 12.2 11.0 33.7 1644 

13.7 6 3 SEMI 

CLEAR 

11.5 32.8 55.5 

13.7 6 3 CLEAR 7.3 45.6 68.3 

APR 79 13.7 6 3 CLOUDY 10.5 14.4 37.1 637 

13.7 6 3 SEMI 

CLEAR 

13.7 42.5 65.2 

13.7 6 3 CLEAR 5.8 54.7 77.4 

MAY 47.5 13.7 6 3 CLOUDY 8.7 18.1 40. 58 

13.7 6 3 SEMI 

CLEAR 

14.5 49.7 72.8 

13.7 6 3 CLEAR 7.8 61 83. 

JUNE 23.5 13.7 6 3 CLOUDY 7.8 20.0 42.7 No Requirement  

13.7 6 3 SEMI 

CLEAR 

16.5 53.4 76.1 

13.7 6 3 CLEAR 5.7 64.1 86.8 

JULY 17 13.7 6 3 CLOUDY 8.3 19.3 42 No Requirement  
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13.7 6 3 SEMI 

CLEAR 

16.7 52.1 74.8 

13.7 6 3 CLEAR 6 63.1 85.8 

AUG 22.5 13.7 6 3 CLOUDY 9.9 16.1 38.8 No Requirement  

13.7 6 3 SEMI 

CLEAR 

15.5 46.1 68.8 

13.7 6 3 CLEAR 5.6 57.9 80.6 

SEP 43.5 13.7 6 3 CLOUDY 9.9 11.8 34.5 88 

13.7 6 3 SEMI 

CLEAR 

14.6 37.5 60.2 

13.7 6 3 CLEAR 5.5 49.9 72.6 

OCT 65.5 13.7 6 3 CLOUDY 14.7 7.3 30.0 741 

13.7 6 3 SEMI 

CLEAR 

11.7 26.0 48.7 

13.7 6 3 CLEAR 4.6 37.5 60.2 

NOV 92.4 13.7 6 3 CLOUDY 19.7 3.3 26.0 1869 

13.7 6 3 SEMI 

CLEAR 

7.6 13.2 35.9 

13.7 6 3 CLEAR 2.7 20.4 43.1 

DEC 112 13.7 6 3 CLOUDY 19.9 1.4 24.1 2660 

13.7 6 3 SEMI 

CLEAR 

8.2 6.1 28.8 

13.7 6 3 CLEAR 2.9 9.8 32.5 

Total          12601 

 

Total heating demand in newest case after EEM is around 20000 kWh including how water 

before EEM and el. 
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Appendix 2 

 

Outputs of WINSUN software 

 

 
Main temperature variation in first case study, 2008, C° 

 

 

 
Main temperature variation in second case study, 1992, C° 
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Main temperature variation in third case study, 1987, C° 

 

 

 
Main temperature variation in forth case study, 1978, C° 
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Main temperature variation in fifth case study, 1968, C° 

 

 

 
Main temperature variation in sixth case study, 1957, C° 
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