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Abstract 
 
Along with social development, the requirement of intelligent buildings increases 

rapidly. To provide human beings with a good indoor environment and to solve the 

problem of climate change, the building energy consumption is reduced by improving 

the building energy system. 

 
Much energy usage equipment emerges and develops with the development of science 

of energy system. Thus, how different systems interact with each other, and what are 

the similarities and differences among them become issues worth analyzing. 

 
In this thesis, only ventilation system, low temperature district heating, carbon floor 

heating system and solar cells are analyzed and discussed. And the low temperature 

district heating is the floor heating/cooling connected with district heating/cooling. 

Floor heating need lower temperature to the apartments than the normal radiators. As 

the research findings indicate, the low temperature district heating/cooling, VAV 

ventilation system with temperature control and the PV solar planes is more 

appropriate to Swedish buildings. After LCC analysis, with the help of the combined 

system, insulation and other energy saving measures, the energy consumption is 

reduced by 40%, saved 215417.3kWh energy per year in total. 
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Chapter One 

1. Introduction 

1.1. Background 

Along with social development, the energy demand of dwellings and business buildings 

accounts for quite a large proportion, almost 40% in the global energy consumption.1 

Human beings build housing structures and spend nearly 80% of their life inside 

buildings to reduce the influence of various natural environments on the daily life and 

work.2 Moreover, in recent years the weather changes are bizarre and much is needed to 

reduce the effects of global warming, this means reduce our behavior and attitudes 

towards energy. This also extends to energy use in buildings 

The requirement of intelligent buildings increases rapidly. Intelligent building is a 

combination of modern architecture, smart systems and automation system. Achieving 

sustainability of buildings is important for both the comfortable indoor environment and 

reducing energy consumption..1 To provide human beings with a good indoor 

environment and to solve the problem of climate change, building energy consumption 

should be reduced by perfecting the energy systems of buildings. 

Much energy usage equipment emerges and develops with the development of science 

of energy system, like solar water tank, floor heating and cooling system, green roof 

and solar cells.  

Therefore, how different systems interact with each other, and what are the similarities 

and differences among them become research topics that have attracted great attention. 

There are some combinations of different systems and here is a good example. It is 

called ‘Solar thermie 2000’ which is a combination of solar energy with district heating 

                                                
1 Balaras etal,2005 

2 Sarbu Ioan, Sebarchievici, C. 2013 
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in Germany from 1996 to 2008.3 Ventilation and floor heating do not show great 

effectiveness in modern architecture buildings if treated separately. In the view of both 

construction and maintenance, these two are very complex systems. And the aim of this 

project is making them more effective. Under ideal circumstances, it would realize the 

superposition of two separate systems, but also achieve combined effects of the two 

systems to save energy, in order to obtain multiplied effects. 

1.2. Problem statement 

An ambitious housing program, called the Million Program (Swedish: Miljon 

programmet) was implemented in Sweden from 1965 to 1974. Just as the name of the 

program indicates, the goal of the program was to build a million new dwellings within 

10-years. In the end, almost 1,006,000 new dwellings were built. 4 They were designed 

and constructed with the concern of energy saving and tight insulation. After 40 years 

later, these buildings are considered an out of date design in terms of their 

malfunctioning systems.5 It is necessary for these buildings to receive sophisticated 

renovation to meet new energy requirements.  

This thesis will make a simulation for one of those buildings, in order to analyze the 

energy system and comfort system. The building is a student apartment located at Sätra 

Gavle Sweden, Latitude: 60.7ºN Longitude: 17.1ºE. It has 2500m2 floor area and 50 

occupants as total. Figure 1 shows the picture of the apartment. 

                                                
3 Bauer, et al., 2010 

4 R. Turkington, R. van Kempen and E. Wassenberg (eds.) 2004 

5 Directive of the European Parliament and of the council of 16 December 2002  
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Figure 1: the outlook of the building in the case study 

Renovations must be done in this building if the building owners wish to keep on the 

market while not violating the present building regulations. A few things need to be done 

so as to accomplish the renovation, which are, to change the ventilation system, to 

insulate the external walls with better materials, low-Energy windows, heat recovery 

system, mount solar collector on the roof and to attach a heat pump for space heating, etc. 

In this simulation, to go in the field and make the actual changes is unrealistic, but 

applying all these alternatives in the IDA model is possible.  

1.3. Objective of the study 

This thesis is aimed at analyzing the energy performance of this building with different 

scenarios in IDAICE and PVsyst software so as to renovate and improve its 

performance.   

1.4. Scope and limitations 

In this thesis, several different systems are analyzed and discussed. And the results 

given by different combinations are simulated by IDAICE indoor climate software. 

Energy consumptions under different parameters are presented. In the end, the research 

result is applied to a real building as a case study. 
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In this thesis only ventilation system, low temperature under floor district heating and 

cooling system, carbon floor heating system and solar cells are analyzed and discussed. 

The brief introductions and values of these systems are described in the introduction of 

the four systems. The simulation results of different combinations include the energy 

demand of electricity and heat, the costs and prices of the combined system as well as 

the primary energy demand. It is simulated in a simple zone using same weather data 

as Sätra. Then, the analysis focuses on the issue that which system is more appropriate 

to Swedish building.  

In the end, the research result is applied to a real building located in Sätra as a case 

study. The case study is aimed to find out the effect of the multiply system that runs in 

real buildings. 
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Chapter Two 

2. Theoretical Frame work 

Various theories in building energy systems where used and the main theories are 

discussed below: 

2.1. Theories of heat balance and thermal comfort 

 Heat balance of buildings6 

ᵑPsupply + Psolar + Pappliances = Ptransmission + Pventilation + Pinfiltration +Psewage 

Psupply = the supplied heat 

Psolar = the heat gained from the sun 

Pappliances = the heat gained from occupants and appliances 

Ptransmission = the heat loss transfer through the envelop  

Pventilation = the heat loss via ventilation 

Pinfiltration = the heat loss through air leakages infiltration 

Psewage = the heat taken away by sewage water 

The supplied heat added the heat gained from the sun and heating equipments 

including computers, lights even occupants is equal to the heat loss via transfer through 

the walls, roof and floor; the heat loss by air ventilation; the heat loss through air 

leakages infiltration and also the heat loss of sewage water. 

 Heat balance of human beings 

General heat balance is the heat storage (S) in the body which equals to the heat 

generated by metabolic reaction (M) minus the mechanical work done by human body 

(W) and those heat losses via evaporation (E), conduction, convection (C) and radiation 

(R).7  

                                                
6 Hiroko Masuda, David E. Claridge, July 2014 

7 Yoshihito K., Tadahiro T., Jin I., Kenta F., Yoshiaki Y., Naoki M., December 2008 
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푆 = 푀 −푊 −퐸 − 푅 − 퐶 

Human body can produce heat by itself via metabolism. But man is a poor machine. The 

efficiency is less than 20% even for well-trained athletes. 8 Human body gets energy 

from chemical reactions of organic matter and oxygen. The heat comes out as waste 

energy during work. One more thing is that people are temperature constant animals. To 

keep the temperature constant, all heat generated by the body needs to be given out from 

the body. There are several mechanisms in which heat can be released from the human 

body. 

 Evaporation of water through the skin; 

 Evaporation from airways; 

 Evaporation of actively secreted sweat; 

 Convection in airways; 

 Convection from outer surfaces; 

 Thermal radiation; 

 Conduction through clothing. 

Thermal comfort can be maintained only when heat produced through metabolism is 

equal to the heat lost from the body. Dry heat loss (R+C) represents ~70% at low Clo 

values and ~60% at high Clo values. 9 The evaporative heat loss (E) represents ~25% at 

moderate activities. The efficiency is less than 20% even for well-trained athletes and 

normally declines to zero in the comfort equation.10 

Heat balance and thermal comfort are the basis of building optimization. To achieve the 

goal of this research, the basic requirement is to follow the heat balance rule and get 

thermal comfort.  

Thermal comfort is the condition in which human beings feel satisfied with the indoor 

                                                
8 INNOVA 

9 Dr. Sam C M Hui ,2009 

10 INNOVA 
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thermal environment. Heat balance cannot guarantee that people can get the feeling of 

thermal comfort. Only in the situation where the heat losses are in normal percentage, 

will human beings feel thermal comfort. In the total heat losses of human body, the 

percentage of convection is 25-30% including convection in airways and outer surfaces. 

And evaporation and breath will be a percentage of 25-30%. The radiation is the main 

part of the heat diffusion with a percentage of 45-50%. 11 

Danish researcher Fanger designed the thermal comfort index PMV-PPD to describe the 

thermal comfort in number and function. PMV-PPD is based on human physiological 

thermal equilibrium, using a multi-factor comprehensive evaluation to build a human 

thermal comfort model. The necessary conditions for body thermal comfort will be 

found in the role of the six factors equation to meet the body's physical comfort at least. 

In the end, further optimization is made to find a proper condition for thermal comfort. 

There are six factors which affects people’s thermal comfort. Two of them are personal 

factors: metabolic rate and clothing insulation. And the rest are environmental factors 

which are air temperature, relative humidity, air velocity and the mean radiate 

temperature. 

PMV index which is Predicted Mean Vote scale can quantify the human body thermal 

comfort with the predicted mean vote index. To describe the thermal environment the 

index is from -3 (too cold) to +3 (too warm).12 PPD index shows the percentage of 

people who feel uncomfortable in the thermal environment. Moreover, the lower PPD 

index it is, the better indoor thermal comfort it serves. 

PMV and PPD value is the main factors to define the thermal comfort of the buildings. 

In the thesis, the thermal comfort of each zone calculated by IDA ICE is discussed.  

                                                
11 Dr. Sam C M Hui , 2009 

12 A. Pourshaghaghy, M. Omidvari, 2012 
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2.2. Theories of LCC Analysis 

When it comes to the assessment of a good renovation, not only the effectiveness of 

these renovations determines which selection is optimal, but also the economic concern 

weighs to make the final decision. To evaluate the cost-effect balance, and make the 

decision of choosing types of renovations, Life Cycle analysis (LCA) and life cycle costs 

analysis (LCCA) offers assistance. 

LCCA is defined as “the total discounted dollar cost of owning, operating and 

maintaining of a building or a building system”13 It evaluates the economic performance 

of one building in its whole using life. By comparing the life cycle costs of various design 

configurations, LCCA can explore trade-offs between low initial costs and long-term cost 

savings, identify the most cost-effective system for a given use, and determine how long it 

will take for a specific system to “pay back” its incremental cost. Because creating 

exhaustive life cycle cost estimation for every potential design element of a building 

would not be practical, the guidelines for LCCA focus on features and systems most 

likely to impact long-term costs. In LCC (life cycle costs) calculations, NUS parameter is 

calculated by the equation below14: 

푁푈푆 =
(1 + r − e) − 1

(r − e)(1 + 푟 − 푒)  

Which 

r=real interest rate 

e=real energy price change 

n= year 

There are 14 possible life cycle costs (LCC) factors in six typical categories: Energy 

Systems, Mechanical Systems, Electrical Systems, Building Envelope, Massing, and 

Structural Systems. The thesis supervisor provided a sheet of renovations cost with an 

add-on to weigh its worthiness, involving interest rate on oil, district heating and 

                                                
13 The National Institute of Standards and Technology (NIST) Handbook 135, 1995 edition 

14 Gamze O., Moghtada M., Baris O.,2014 
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electricity. Combined with the initial cost of renovation, its lifetime and price of energy 

plus interest rate, the excel sheet is able to demonstrate the worthy investment on different 

types of renovations. By analyzing the life cycle, it would get a balance to measure which 

improvement is of more value, and when it can get the pay back.15  

2.3. Introduction of solar energy  

Solar energy is considered as the inexhaustible energy resource in the whole world. It is 

a potential energy resource, as well as a clean energy, so it makes a contribution in 

lowering the CO2 emission. Being a kind of renewable energy, solar energy is the most 

potential and environmental friendly energy resource to be used.16 International Energy 

Agency (IEA) had summarized: “Solar energy offers a clean, climate-friendly, very 

abundant and inexhaustible energy resource to mankind, relatively well-spread over the 

globe”17. 

Solar energy have been utilized in various aspects in everyday life, like solar water tank, 

solar photovoltaic (PV) cells, solar lighting, solar cooking, solar energy car, solar 

producing hydrogen and sea water cleaning. There is an article that gives the results 

obtained in Greece that solar systems support 45% energy in the worst conditions.18 In 

this thesis, the solar water tank and solar PV system are discussed. In the field of solar 

PV system, the thin film solar PV cells are still developing. This system is quiet, has no 

air pollution, no water pollution and no carbon pollution. It has low running costs and 

has other advantages like the solar PV cells. It can also be combined with other clean 

energy in simple ways. The solar cogeneration installation for providing energy 

services is an example of such a system. It is solar collectors combined with natural 

                                                
15 Guidelines for life cycle cost analysis, Handbook, 2009 

16 Zheng Yuming, 2013  

17 International Energy Agency, 2011 

18 Georgios M., Georgios T., 2014 
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gas micro turbines.19 The thin film solar PV cells also have advantages like low 

weight, better low-light coefficient, less raw material, good light transmission, and 

high cumulative generating capacity, less influence from temperature and offers 

convenience to change the shape.20 If needed, the efficiencies of different types of 

solar cells can be found in ”Best Research-Cell Efficiencies in Appendix C” and “The 

best research cell efficiencies of PV solar cells”. 

2.4. Introduction of low temperature district heating and cooling 

2.4.1. District heating and cooling system 

District heating and cooling is “a system for distributing heat or cooling generated in a 

centralized location for residential and commercial heating or cooling requirements.” 

District heating with combined heat and power plant (CHPDH) is the cheapest method 

with low carbon emissions nowadays.21 One of the main advantages of district heating 

and cooling systems is their environmental benefits.22 It can be combined with a lot of 

heating support system. In China, there is a city using the district heating and cooling 

combined with seawater source heat pump.23 In Gävle, the district heating plant also 

gets heat recovery from industrial waste produced by factories such as paper producing 

factory Korsnäs. Hence the district heating in Gävle is almost free. 

The normal district heating supplies water at high pressure and at temperatures ranging 

from 50 to 100 degree centigrade. On arrival, the temperature of the return water is 

between 40 and 70 degrees. Most of heat is lost on the way of transition. Low 

temperature district heating is the system using the hot water with a low temperature 

which is less than 60℃ usually being 45℃, as the heating medium. Compared to 

                                                
19 I. Suárez, M.M. Prieto, F.J. Fernández.2013 

20 Ning Haiyang and Bai Huihui, 2011 

21 Dave A., Claverton Group, 2009 

22 Behnaz R., Marc A. Rosen, 2012 

23 Haiwen S, Lin D, Chaohui Z, Yingxin Z.,2010 
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normal district heating, low temperature district heating is more energy efficient. At the 

same time, it has all the advantages of normal district heating like compact module with 

a large impact, heating for every need. The lower temperature difference gives the lower 

effect on surrounding environment compare to the normal district heating. 

There are distinct types of devices like heating fan coil, capillary heating decorated 

board, circulation gravity air conditioning, radiation surface heating floor and so on. The 

thesis just focuses on the district heating and cooling with hydronic floor heating and 

cooling system to achieve the low temperature district heating. And the low price of 

district heating in Gävle brings the benefit of being economical. 

Because of the global warming, the cooling systems become more necessary during 

summer. Since temperature varies wildly in one day, the smart cooling and temperature 

control are needed. Then, here comes the district cooling. Same as district heating, 

district cooling uses a central source like sea water, underground water to cool 

apartments or buildings instead of multiple individual systems like air conditioning. It 

cools building in the smart way, using the same pipes and heat exchangers as district 

heating, but different cooling resources. It is economical, flexible and quiet while in 

operation.24  

2.4.2. Hydroid Floor heating and cooling system  

Floor heating and cooling is a form of central heating and cooling which achieves 

indoor climate control for thermal comfort by adopting conduction, radiation and 

convection.25 The history of floor heating and cooling can go back to the Neoglacial 

and Neolithic periods.26 There are two types of modern floor heating and cooling 

system, namely, the electric system and the hydronic system. In this thesis, only 

                                                
24 Alfa Laval, District Cooling, Comfort Handbook, 2012-2013  

25 Chapter 6, Panel Heating and Cooling, 2000  

26 Bean, R., Olesen, B., Kim, K.W., 2010 
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hydronic systems are simulated, since the price of electricity high and district heating is 

low. 

The hydronic floor heating and cooling system in this thesis uses hot water with 

temperature lower than 60℃ as the transfer medium, which circulates in the pipes 

embedded in floor layers, and the district heat exchangers to supply the house with heat. 

The primary way to supply heat is radiation through the floor to indoor air and the 

human body. The composition of the hydronic floor heating and cooling system includes 

the ground layer, insulation layer, structural layer, geothermal pipes, water pipelines, 

control valves, manifolds, thermostats, electric actuators and so on. It can also be 

combined with solar collectors, heat pumps or geological heaters. In this thesis, the 

district heating is used as a supply source.  

The main factor that affects the lifespan of the hydronic floor heating and cooling 

system is the temperature of a transfer medium. The standard lifespan is 50 years. With 

good protection and regular inspection, the life span can be prolonged to much more 

than 50 years. Since the pipes are buried into the floor, the indoor area might increase 

2-3%. Then the original supply temperature is 50 to 40 degree, and the return 

temperature is no more than 10 degrees less than the supply temperature. For the space 

where people stay for a long time, the set point for floor heating could be 24-26 degree 

with the highest temperature reaching 28 degree. For the space where people stay for a 

short time, then the set point temperature could be higher, which is 28-30 degree with 

maximum temperature at 32 degree. In this thesis, the task building is an apartment for 

people to live in. In this case, there is a hydronic floor heating system with a set point of 

30 degree combined with district heating and cooling to ensure the low temperature 

district heating. For floor cooling, there is research about it coupled with 

dehumidification systems in residential buildings.27 This can be a good example of 

floor cooling to this study. 

                                                
27 Angelo Z., Michele D., Clara P., 2014  
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2.5. Introduction of carbon film floor heating system 

The carbon film floor heating system is the most advanced and convenient in-floor 

heating system. It’s made of carbon heating elements. Carbon heating elements have 

great surface heating characteristics; when it supplies heat, the whole surface is kept at 

the same temperature and its in good balance. The carbon film floor heating system can 

transfer 100% electricity into 60% conduction heating and more than 30% radiation 

heating.28 Figure 2 shows a sample of the carbon heating film: 

 
Figure 2: A picture of carbon heating film29 

According to research, the carbon film floor heating system needs a temperature which 

is 2 degrees lower than that needed in ventilation convection heating system to meet 

the same comfortable statement of tested people. This is the first advantage of carbon 

film floor heating system. Apart from this, there are other advantages such as easy 

installation, simplicity of operation, equal heating, air purification, and great savings 

on heating bills. The structure of the carbon film floor heating has 5 layers as shown in 

the figure 3 below.  

 

Figure 3: the structure of carbon film floor heating 

                                                
28 Baywatch, Carbon Floor Heating, baike, 2009 

29 Picture from Korea Heating Co., Ltd. 2014 
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Main Advantages of carbon heating film30: 

 Minimal effect on floor height  

 Simple and low cost installation 

 Primary heating system 

 Low running costs  

 Fast acting controllable heating system  

 High efficiency and high transfer of electrical energy into heat 

 Operated at same times or independent to house central heating 

2.6. Introduction of ventilation system 

HVAC system is short for Heating Ventilation Air Conditioning system. The HVAC 

system is popular and widely used in Nordic countries'. HVAC systems are capable of 

supplying and removing heat, according to the cooling or heating demand. The HVAC 

system gives good performance in saving cooling energy in range of 20-30% according 

to some researches.31 An ideal HVAC system can not only maintain the thermal 

comfort of the various spaces, but also provide good indoor air quality in buildings.32 

There are different types of HVAC system. In terms of different energy carriers, there 

are systems of cooling first and heating second. When they are classified with regard to 

transfer mediums, there are all air system, all water system, air – water system, water – 

air system and unitary refrigerant based systems. Among these, all water HVAC systems 

are widely used in modern buildings.33 There is research work on mixed-mode and 

hybrid cooling, it gives the result that they have great energy saving potential and up to 

90% plant energy savings were shown using low energy cooling technologies.34 

                                                
30Carbon heating film, Floor heating system Ltd. 2014    

31 Petrus B., Syed I., Mohd A., November 2013 

32 2. Perez-Lombard, L., Ortiz, J., & Pout, C. 2008. 

33 Ang Li, HIG, June 2009 

34 Sherif E., Simon J. Rees, 2013 
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According to the operations of the systems, it can be classified to Constant Air Volume 

(CAV) and Variable Air Volume (VAV) system. 

Constant Air Volume system (CAV) is a kind of Heating Ventilation Air Conditioning 

system with constant supply of flowing air. At the same time, the temperature of supply 

air is not constant. This system varies the temperature of the supply air to meet the 

thermal loads of a space. The simple type of the CAV system is normal in small single 

thermal zone. And the CAV system with reheat CAV multizone, and CAV primary – 

secondary systems can serve multiple zones and large buildings.35 The shortcoming is 

that the air outlet device supply air with higher temperature. 

In the view of fan energy savings potential, the variable air volume systems (VAV) are 

more effective. For the ventilation part, there are three ways to save the energy cost: 

Choosing the variable Air Volume Systems instead of the original systems; changing the 

working time; applying different ventilation schemes. It is known that 30% running 

energy of the CAV system can be saved if ventilation system is switched off or just works 

with the minimum air flow during the night. Another is choosing a different ventilation 

scheme so as to meet the demand.   

                                                
35 Heating/Piping/Air Conditioning, Handbook 1993 
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Chapter Three 

3. Method 

3.1. IDA ICE 

IDA Indoor Climate and Energy is the main tool in this simulation to build models and 

calculate the heat consumption and energy demand. It allows simultaneous performance 

assessments of all issues: form, fabric, glazing, HVAC system, controllers, lighting, 

ventilations, thermal comfort, energy consumption, PPD and PMV etc. It can also set 

the temperature indoor and CO2-level, and simulate the predicted percentage which is 

not satisfactory in the findings. In this simulation report, only heat consumption has 

been focused on. The mathematical models are originally developed at the Royal 

Institute of Technology in Stockholm (KTH) and Helsinki University of Technology, 

now also part of the ICE academic network.36 Early Stage Building Optimization 

(ESBO) is a new IDA ICE wizard that simplifies the early stage of building 

optimization. The building construction, the energy systems, and controllers can be 

modeled by IDA ICE for ensuring the lowest energy demand and the best thermal 

comfort.37  

In this thesis, the IDA ICE is the main simulation and optimization software. There are 

12 tasks and a case study building model will be simulated by IDA ICE. The building is 

located at Sätra Gavle Sweden, situated Latitude: 60.7ºN Longitude: 17.1ºE. This 

building is used for student apartments with 2500m2 floor area. There are 6 zones and a 

corridor on each level as one apartment. We can assume that apartments with 1 bedroom 

have one occupant and those with 2 rooms have 1.5 occupants and those with 3 rooms 

have 2 occupants, for all the buildings there are 27 apartments and 49.5 occupants. 

However for the renovated one, the number of occupants is set to be 46. In the thesis, 

                                                
36 Arefeh Hesaraki, Sture Holmberg, 2013 

37 IDA ICE 4.2 manual 2014 
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the schedule of occupants indoor is assumed to be 10 hours per day without any holiday 

as it's a house living. The weather data is downloaded from the database of IDA ICE 

and the architectural structure is attached in the appendix C as “The floor plan for basic 

level and 2-5 levels”. 

3.2. PVsyst 

Solar energy is a totally free energy source to the building. PVSYST is well-known 

software for photovoltaic (PV) system analysis and has been used in many scientific 

works.38 Solar photovoltaic (PV) panels are simulated by PVsyst and this part shows a 

solar simulation of PV system building.39  

PVsyst can simulate the solar planes in terms of the geographical location, meteo, 

albedo values; the parameters of PV planes; the shadings around the building; the type 

and number of modules as well as some other factors. 

The geographical location, meteo and albedo values can be found by Google Earth and 

NASA-SEE. More recent data are accessible on website Strang.smhi.se.  

In the orientation, the field parameters, both plane tilt and azimuth were setup in the 

fixed tilted plane with optimization diagram. For different types of PV, have different 

parameters which are needed to run it.  

For direct sunlight, the shadings around the building are put into the horizon. For diffuse 

irradiation, there is a diffuse factor to be reduced in percentage due to horizon shading. 

In the near shadings definition, the construction or perspective of building and PV is set 

up. Combined with sun height and location being taken into consideration, the shading 

factor is calculated, and showed in tables and graphs. 

Then the type of module and inverter in PV system are chosen in system process. The 

array can be designed in this part at the same time. The total area of array cannot be 

                                                
38Andreas M., Patrik R. and Bahram M. 2011   

39Andre M, Bruno W, Michel V, Julien R and Sylain P, 2010 
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larger than the area of PV model. In this thesis, the solar energy is simulated in detail by 

PVsyst instead of by IDA ICE. The situation latitude and longitude are same as the 

simulation in case study, which is latitude: 60.7ºN longitudes: 17.1ºE. And there are 

Meteo data is needed in PVsyst simulation which is Gavle, Synth Hourly Data. 

3.3. Introduction of tasks 

There are 12 tasks multiplied by different systems: ventilation system, low temperature 

district heating and cooling system (LDHC), carbon film floor heating system (CFH) 

and photovoltaic solar cells. The following table describes the system composition in 

different tasks. The details of combinations of each task are shown in the table 1 as 

follows: 

Table 1: The list of system composition in task 1-12 

Task 1 CAV+ LDH Constant Air Volume + low temperature district heating 

Task 2 CAV+ CFH Constant Air Volume + carbon film floor heating system 
Task 3 CAV+ LDHC Constant Air Volume + low temperature district heating and 

cooling system 
Task 4 CAV+ LDHC+ PV Constant Air Volume + low temperature district heating and 

cooling system + photovoltaic solar cells 
Task 5 VAVt + LDHC Variable Air Volume temperature control + low temperature 

district heating and cooling system 
Task 6 VAVc+ LDHC Variable Air Volume CO2 control + low temperature district 

heating and cooling system 
Task 7 VAVc+ LDHC + PV Variable Air Volume CO2 control + low temperature district 

heating and cooling system + photovoltaic solar cells 
Task 8 VAVc + CFH Variable Air Volume CO2 control + carbon film floor 

heating system 
Task 9 VAVc + LDH Variable Air Volume CO2 control + low temperature district 

heating system 
Task 10 VAVt + LDH Variable Air Volume temperature control + low temperature 

district heating system 
Task 11 VAVt + CFH Variable Air Volume temperature control + carbon film 

floor heating system 
Task 12 VAVt + LDHC + PV Variable Air Volume temperature control + low temperature 

district heating and cooling system+ photovoltaic solar cells 

In task simulation, a 10 m2 single ESBO wizard room without light and equipment is 
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built as a model. The multiply systems simulated in the model are provided with the 

same weather condition with Sätra. 

Solar energy utilization: Solar photovoltaic system supplies electricity to the model 

with 18m2 area and the factor is 0.4. The surplus electricity is sold to energy market in 

the ESBO-el-prod-price. The area is the ideal maximum area in the model. 

Heating and cooling system: low temperature district heating and cooling system and 

carbon film floor heating system are used. For the low district heating and cooling, the 

COP of district is 1, and the area of floor heating is 8.51m2. The supply temperature of 

floor heating is 35 degree which is low temperature and it also supplies cooling during 

summer. 

The other one is an electric heating system whose efficiency is 0.98 with same area as 

8.51m2. The power of the carbon film floor heating is 40W/m2, but it can only supply 

heating. The data of carbon film floor heating system are different from those of 

ordinary electric heating, normally the former is much better than the one used in this 

model.  

Heating Ventilation Air Conditioning system: constant air volume, variable air volume 

with CO2 control and temperature control were considered.  

 Constant air volume (CAV): 0.35L/(s.m2) only exhaust ventilation 

 Variable air volume (VAVc): CO2 control 

 Variable air volume (VAVt): temperature control  

3.4. The optimization measures 

For this building, there are 6 adjustments in different areas in this thesis: realizing 

insulation, improving the ventilation system, balancing heating system, reducing of 

indoor temperature, using solar energy and using heat exchangers. The concrete plan is 

as follows:  

a) Making insulation  

Based on life-cycle assessment, the northern wall of the building and the attic were 
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insulated with 200mm and 400mm insulation material. And the thermal bridges of 

balconies were improved as well. 

b) Improving the ventilation system 

The temperature controlled Variable Air Volume (VAV) systems were installed 

instead of the mechanical exhaust ventilation system with 0.36L/s Constant Air 

Volume (CAV). Then the heat exchangers and fan operations were ignored and 

schedules of supply air was set as always on. 

c) Balancing heating and cooling system 

The floor heating/cooling system connected with district heating/cooling could not 

only save energy on the way of transfer, but also improve the thermal comfort of 

occupants. Based on this adjustment, the set point of indoor temperature could be 

reduced. 

d) Reducing of indoor temperature 

According to the response of thermal comfort in simulation results, the indoor 

temperature was settled from 19 to 24 degrees centigrade.  

e) Using renewable energy  

In view of the low price of district heating/cooling and the high electricity price, 

only PV planes were economical. The simulations were done by PVsyst software 

instead of IDA ICE. There are three parts of PV planes: the PV planes on the 

southern wall, the PV planes on the east roof and the ones on the west roof. 

f) Recovery from waste heat 

The heat exchangers of showers recover the heat losses, and decrease the heat 

consumption by 20%. And the heat exchangers between return lines of floor 

heating/cooling and ventilation air handling lines might be profitable. 
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Chapter Four 

4. Results 

4.1. Simulation results of tasks 

The original system is the normal system which uses constant air volume and radiators 

as a contrasting system to tasks. And the simulation results and calculation results are 

shown in Table 2. 

Table 2: the simulation results and calculation results of task 1-12 

 Eleh Elev Elepv DC DH PMV PPD Cost 
Task 1 CAV+ LDH - 26 - - 146 1.3 50 12.82 
Task 2 CAV+ CFH 146 26 - - - 1.3 50 17.2 
Task 3 CAV+ LDHC - 26 - 197 147 -0.1 9.3 26.68 
Task 4 CAV+ LDHC+ PV - 26 -104 197 147 -0.1 9.3 16.28 
Task 5 VAVt + LDHC - 204 - 2 7 0 6.9 21.03 
Task 6 VAVc+ LDHC - 88 - 208 31 -0.1 8.1 25.53 
Task 7 VAVc+ LDHC + PV - 88 -104 208 31 -0.1 8.1 15.53 
Task 8 VAVc + CFH 31 88 - - - 1 44.6 11.9 
Task 9 VAVc + LDH - 88 - - 31 1 44.6 10.97 
Task 10 VAVt + LDH - 204 - - 7 0 6.9 20.89 
Task 11 VAVt + CFH 7 204 - - - 0 6.9 21.1 
Task 12 VAVt + LDHC + PV - 204 -104 2 7 0 6.9 11.03 

Eleh = the electricity used to heating system 

Elev = the electricity used by ventilation system 

Elepv = the electricity gained from PV system 

DC = the district cooling demand  

DH = the district heating demand 

PMV = the predicted mean vote scale 

PPD = the percentage of people who feel uncomfortable 

Cost = the total cost of electricity, district heating and cooling. 
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There is no hot water consumption in tasks, the energy demands of only four systems 

are considered. The price of electricity, district heating and cooling is the same with the 

example price in IDA. The result is easy to discuss in column as follow: 

 

 
Figure 4: The column of the result of tasks 

First of all, the first two tasks and task 8, 9 are not good for this weather according to 

the PPD value. But they would have better performance if the building model is located 

in a cooler place in summer. By comparing the first two tasks we can find the LDH low 

temperature district heating costs less than CFH carbon film heating. But in the 

simulation of IDA, the benefit of floor heating apparently cannot be seen. In theory, the 

results would be better than this. Then through the comparison between task 8 and 9, we 

can get the same result. If we compare tasks 1, 2 and tasks 8, 9, the conclusion can be 

drawn that it would be cheaper by using VAV system with CO2 control and get better 

thermal comfort result also. While, if there is no requirement for air quality, it is better 

to take VAV system with temperature control. Ventilation system appears to be the 

process to improve the indoor air quality. This should prevent odors in the building and 

ensure health and comfortable indoor conditions.  

Then task 3, 4 and task 6, 7 have similar performance in thermal comfort, PMV -0.1 

1.3 1.3

-0.1 -0.1

0

-0.1 -0.1

1 1
0 0 0

-2

0

2

PMV

12.82
17.2

26.68

16.28
21.03

25.53

15.53
11.9 10.97

20.89 21.1

11.03

0
5

10
15
20
25
30

cost 



23 

and PPD 9.3 and 8.1. It is easy to see that PV solar system does not make much 

difference in the field of thermal comfort. And the VAV system with CO2 control dose 

little help to obtain thermal comfort but great help to improve air quality. However, in 

normal apartments the air quality is less important than thermal comfort. If the cost is 

taken into consideration, the VAV system with CO2 control has better performance in 

thermal comfort and of course air quality. But it costs less than the CAV system. 

Following the different thermal comfort result, task 5, 10, 11 and 12 have the best 

result: PMV 0, PPD 6.9. All of these four tasks include the VAV system with 

temperature control. If we examine the district heating and cooling demand in tasks, it 

is easy to see, the ventilation system supplies the entire essential demands. Only few 

energy demands of district energy are used, when the VAV system is running. And the 

best costs performance is of task 10 without PV system. Then if there is VAV system 

with temperature control, the other system could be ignored. Nevertheless, the 

simulation results are not satisfactory. In real case, the district heating demand cannot 

be as low as 7. Systems will adjust and help each other. The mutual influence between 

systems is not simulated. Then it is easy to see that the combination of VAV and LDHC 

get less energy demand than CAV and LDHC, therefore, this combination can save not 

only electricity but also the heat resource.  

Since the PV system sells electricity to the market and earns a lot of money, an 

investment in PV system is worthywhile.  

To achieve thermal comfort, the VAVt + LDHC + PV system is more appropriate to 

Swedish buildings. In the real case study, the ventilation is VAV system with 

temperature control. And low temperature district heating and cooling supply heating 

and cooling. At same time, the PV system gains electricity. 

4.2. The case study 

4.2.1. The LCC analysis 
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As mentioned in the result, the heat is lost mainly through thermal bridges, air leakages of 

windows and doors and infiltration openings. According to this, there are some 

improvements to optimize this building in different ways. In the table below, the energy 

saved and the percentage are given with different methods. And by comparing investment 

costs which are obtained by price document from the Internet with the life cycle saving 

which is calculated by LCC, we can know whether this method is worth trying or not. 

Life Cycle Cost, LCC, is a way to analyze how much a product costs during its using life. 

After the simulation of each measure, the result of LCC analysis is shown in table 3 as 

below: 

Table 3: the LCC analysis result  

 Energy 
saving 

Investment 
costs 

Life cycle 
saving 

 

Insulation wall 100mm 57712 1,9*106 8,9*105 x 
Insulation attic 200mm 9440 4,2*104 1,4*105 o 
Insulation attic 400mm 12855 7,4*104 1,9*105 o 
Change balcony 7405 6,7*105 1,1*105 x 
New window 7359 1,2*106 1,1*105 x 
Heat exchanger for showers 26797 1,3*105 1,5*105 o 
Solar collector 35269 4,7*105 3,8*105 x 
PV solar panels 21824 3.6*104 1,3*105 o 
New ventilation system 73310 1,3*106 8,0*105 x 
Adjustment and balancing of heating 
system 

21954 2,7*104 2,3*105 o 

Reduction of indoor temperature 15681 0 2*105 o 
Schedule for ACH 76423 2,7*104 3*105 o 
Insulation northern wall 200mm 41016 1,9*105 8,9*105 o 

All of those methods to optimize buildings can be divided into four main fields: to 

insulate to decrease energy losses, to utilize new energy, to recover waste to decrease 

energy consumption and to adjust the energy supply.  

In this case study, insulating attic and north wall is useful for decreasing energy losses. 

And these two ways can get profits in a short time. Most of other ways of decreasing 

energy losses are of high cost but low reward. It is very expensive to changing the 

balcony, but cutting it off is relatively cheap. The costs of cutting balcony off cannot be 
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calculated easily. What’s more, people living in apartments would not be satisfied with it. 

In view of energy saving, cutting off the balcony is a good way to reduce heat losses 

through thermal bridges.  

Solar energy and wind energy are always considered as clear energy in any field. To make 

it easier to operate only solar energy is used in this project. Solar collectors and PV solar 

panels are good products in the field of solar energy.  

Waste is an energy resource that cannot be ignored. Heat consumption is as high as 

200MWh and most of it is taken away by hot water like shower water. On this point, 

recovering waste energy from shower water works well. With the same method, high 

efficiency heat exchanger of the ventilation system can recover energy from outlet air 

flow. Nonetheless, to install new ventilation system costs too much. 

Last but not least, adjusting the energy supply to meet the acceptable comfort level is also 

an effective way to save energy. In this area, adjustment and balancing of heating system, 

reduction of indoor temperature and the new schedule on ACH are also feasible methods. 

4.2.2. The calculated preparation of simulation  

In this simulation report, the heat consumption has been simulated and optimized by IDA 

and LCC. Before the simulation of this building model, the ideal data should be 

considered.  

Total heat consumption – Hot water consumption = District heating consumption 

To calculate the total heat consumption, there is a way to get the hot water consumption 

from the measured data in large amount of buildings as follow: 

Average	heating	consumption	in	Satra
Heating	consumption	for	whole	year =

Hot	water	consumption	in	Satra
Heating	consumption	in	July  

As a consequence, the total hot water consumption in one year is 229488 kWh, which 

will be a reference heat consumption of fuel in this thesis. The detailed calculating 

procedure can be found in Appendix A. 
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4.2.3. The result of solar energy gained by PV system  

The solar energy can always be the available energy resource. Everything relies on sun. 

From this point, the absorption and utilization of solar energy would reach the 

maximum. So far, PV Panels is a good choice, but due to the uncertain building 

structure and cost, installing PV system would be considered carefully in the simulation 

and optimization. The electric output from the Photovoltaic system shows good 

agreement with the measured values (1% deviation in annual energy generation). 

However, snow cover and seasonal changes in albedo effects are not taken into account. 

Some information about the building in the details has mentioned before, the situation is 

as same as case study, as well the weather Meteo data. 

Table 4: module and inverter information in three models  

 PV on West roof PV on Wall PV on East roof 
    
 

   
Module Area      26 m2 69 m2 26 m2 
Nub of module 12 32 12 
Nub of inverter 1 2 1 
Inverter type Sunny tripower 5000TL-20 Sunny tripower 7000TL-20 Sunny tripower 6000TL-20 
Inv unit power 5.0 kW 7.0 kW 6.0 kW 

As the best simulation for three parts of PV, the PV on the east roof gets the best specific 

production and performance ratio. But because of the total area, the PV on the wall 

serving as a sun shield field gets a good system production. Considering to the achievable 

output production in Sweden which is 1100 kWh/kWp, these three simulations are not 
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good enough. In this case study, only the PV panels on wall are taken as method in 

discussion and LCC part. The PVsyst can only simulate it as three individual models. 

Then there are 3 results of the PV panels facing different directions. The results of 3 PV 

models show in following table 5. 

Table 5: system result for three models by PVsyst 

 PV on West roof PV on Wall PV on East roof 
System 
production 

5084 kWh/year 11571 kWh/year 5169 kWh/year 

Specific 
production 

974 kWh/kWp 831 kWh/kWp 990 kWh/kWp 

Performance 
ratio 

82.3 % 70 % 84.7 % 

Array loss 0.44 kWh/kWp 0.9 kWh/kWp 0.41 kWh/kWp 
System loss 0.13 kWh/kWp 0.08 kWh/kWp 0.08 kWh/kWp 

Totally there are 121 m2 PV planes system gaining electricity 21824 kWh per year in 

this case study.  

4.2.4. The result of renovation by IDAICE 

In this thesis renovation is made for a building which is one of the Million Program 

(Swedish: Miljonprogrammet). Here is the outlook of the building model as figure 5 

displays. 

 

Figure 5: the overview of the building model in 3D 
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In the renovation, the construction keeps basically the same. The main improvement is 

system improvement. Renovation takes district heating system to supply hot tap water 

and floor heating/cooling. And PV planes are used to collect solar energy and supply 

electricity. Excess electricity is sold to an energy market. Temperature controllers 

collect data which are sent to a computer and energy market. The ventilation system in 

the case study is a kind of various air volume ventilation systems with temperature 

control. Some improvement measures simulated are assessed with the LCC method to 

evaluate the economical validation. Electricity consumption multifarious houses are 

1670 kWh per apartment and 300 kWh per person. The details of input data are shown 

in table 6. 

Table 6: input data of original building and renovated building 

Parameters  Original building Renovated building 
Location : Satra Gavle Sweden Same 
Climate : Climate file Gavle climate Same  
Occupants : 1-3 for each zone As total 49.5 1-3 for each zone  As total  46 

Size : 2500m2 (floor area) Same 
Simulation period 2011/01/01 - 2011/12/31 Same  
Hot water : 300L/per occupant, day 

Sum=0.162L/s 
300L/per occupant, day 

Sum=0.16L/s with recovery 
Radiators : Ideal radiators   

Energy meter = fuel 
Floor heating  

Energy meter = district heating 
Schedule of occupants: House Living Same  

Schedule of lights: Always on Schedule  
Construction :   

External wall U = 0.6803 W/(K m2) Insulation the northern wall 200mm 
Un = 0.3567 W/(K m2) 

Wooden wall U = 1.319 W/(K m2) Insulation 50mm U=0.5815 W/(K m2) 
Attic U = 0.2997 W/(K m2) Insulation 400mm U = 0.1666 W/(K m2) 

Basement floor U = 2.684 W/(K m2) Same  
Windows U =1.5 W/(K m2),G =0.66 Same  

Thermal bridge U*A = 368.54 W/K Insulation  
Set points of 
Temperature : 

Room T: 21-23 degrees 
Corridor T: 15-17 degrees 

Room T: 19-24 degrees 
Corridor T: 15-17 degrees 

Ventilation : CAV Mechanical exhaust 0.35 l/s, m2 VAV with temperature control 

Air infiltration : 0.36 l/s,m2 at 50 Pa Same  

PV planes: No 121m2 
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With the lighting, internal mass, occupants and equipments ignored, the energy using 

results are shown in the following table7: 

Table 7: The result of old building and renovation building 

  Old Building New Building 

Building comfort Percentage 13%,7%,13% 0%,0%,19% 

Used Energy AHU Heating - 24597.2 
AHU Cooling - -978.4 

HVAC aux electricity 5039 24190 
Heating 239718 58402.7 
Cooling - -41 

Total 244757 106170.5 
Hot water consumption 296178 267968*0.9 

Gained Energy Solar PV system - 21824 
Utilized free 

Energy 
AHU heat Recovery - -76423 
AHU cold Recovery - -9.2 

Heat Losses Walls -90252.3 -70667.1 
Roof -20555.4 -10354.9 
Floor -18689.1 -10920.9 

Windows -64984.1 -59960.5 
Thermal Bridges -55411.7 -32460.6 

Total -249892.6 -184364 

In this case study, on the condition that the hot water consumption is ignored. The new 

building with new system and renovation used 106170.5kWh energy per year, which 

saves 138586.5kWh energy. It is 56.6% of the energy consumed in the old system which 

cannot make use of the gained solar energy by PV system. With the gained solar energy 

taken in to consideration, the saved energy percent would increase to 65.5%. The total 

saved energy is 215417.3kWh in different methods. To make it clear, data of the saved 

energy are shown in figure 6. 
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Figure 6: The percentage of saved energy 

There is 65528.6kWh energy saved by insulation which reduces heat losses by 30%. 

The rest is mainly saved by the new system which is 101267.9kWh accounting for 47%. 

At same time, PV system gains 21824kWh solar energy which is 10%, and shower heat 

exchanger recovers 26796.8kWh heat losses which is 13%. 

The renovation saves 215417.3kWh energy in total, which amounts to 40% of the old 

building system.  
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Chapter Five 

5. Discussion 

With VAV system there is always good thermal comfort, but at the same time the 

energy demand of VAV system is higher than that of CAV system in the simulation, 

which is 100MWh electricity more per year even though the VAV system is secluded. 

Then in the view of saving energy, the CAV system is good enough. But in warmer 

areas, the VAV system would be needed, and with the help of VAV system the heating 

demand supported by district heating get less, which can be seen by comparing task 1 

and 5 in simulation of tasks.  

When I discussed the result of combined system with my supervisor Mats Sandberg, he 

asked a question which I think I need to describe in my thesis. When the VAV system 

combined with the floor heating, how is the air flow remove? There are two ways of 

contaminant removal which are mixing ventilation and displacement ventilation.  

If the air removal is displacement ventilation, then there is a risk of short cut 

ventilation that the fresh air just warmed up by the floor heating and goes up to exhaust. 

As we know the temperature of the support air is always lower than the floor heating 

which can be 30 degree as normal.40 Then mixing ventilation can be used for this 

condition, but there are also some studies on floor heating and cooling combined with 

displacement ventilation. The results shows that floor heating can be used with DV, 

obtaining high ventilation effectiveness values.41  

The main idea to combine the floor heating and ventilation is to recover the heat from 

the return pipe of floor heating. The idea of the installation is as shown in Figure 7 

following picture: 

                                                
40 Behne, M., 1999 

41 Francesco Causone, Fabio Baldin, Bjarne W. Olesen, Stefano P. Corgnati, December 2010 
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Figure 7: The installation of combined systems 

The heat recovered from the return floor heating on second floor is supplied to the first 

floor. Then the base floor and attic can be designed depending on different conditions. 

What is more, during summer it can also work for cooling. Since the floor cooling 

temperature can be 12 to 15 degree which is cooler than the supply air which can be 18 

to 20 degree. But this part wasn’t simulated by IDAICE successfully. If possible the 

simulation result can be improved much more. 

The PV system sells electricity to the market and can be a source of income, but the 

price of a PV system is quite high. Thus, it depends much on the weather, position of 

installation, price of electricity, installation cost of PV system and efficiency of PV 

system. When the PV system is of low price and high efficiency and the project gets no 

shielding and good location, it is economical to have a PV system. The prices of PV 

cells are droping and the efficiency increasing. What is more, the price of electricity 

rises so does electricity demand. Then an investment in PV system is worthywhile.  

When it comes to the complex heating support part, radiation is the most efficient for 

the main heat transport with human body. It is much effective than convection and 

conduction. This is one benefit of floor heating. Floor heating only heats the bottom part 

of a room, just where human beings can easily sense the warmness or coolness. 

Temperature gradually goes down along the height direction. It meets human being’s 

physiological requirements that foot temperature is higher than head temperature.  
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Floor heating can use the waste, surplus or recovered hot water whose temperature is 

lower than 60 degrees from other systems. Limits transport materials are low. One more 

thing comes with the low temperature transport material. The heat losses via 

transmission are low. Then the necessary energy is low and energy waste is low. 

Floor heating installs pipes under floor. Because the thermal stabilization of concrete is 

satisfactory, the surface temperature of ground floor concrete layer changes slowly 

keeping the indoor temperature constant when heating is intermitted. What is more, the 

floor and room would be heated up thoroughly and evenly. Nevertheless, those energy 

saving measures are not enough to ensure low energy consumption. But the individual 

behavior and perspectives are necessary to make a significant impact. For the carbon 

floor heating film, it can be installed on the roof or attic easily like it is shown in Figure 

8.  

 

Figure 8: The installed carbon heating film on the roof 

Then for some conditions like where has no district heating, the carbon heating film 

really is helpful. To find more system combinations and to build a more energy 

effective system, like the combination of the waste water recycling system with ground 

water cooling system, solar water tank with district heating system and so on. It is good 

to choose another place where the weather is totally different to Sweden and see the 

performance of the combined systems. And it is also interesting to see the efficient 

solution strategies for building energy system simulation. There is an article about the 
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comparisons between the simulation problem analysis and research kernel.42 For the 

solar energy, the storage of electricity when it gained more than the demand is still the 

main problem of solar energy. The maintenance of all the systems is important, and it is 

needed in further study. 

  

                                                
42 Edward F S., Philip H., 2001 
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Chapter Six 

6. Conclusion 

This thesis employs IDAICE and PVsyst software to simulate the effect of individual 

systems and the effect of a combination of different system. 

According to the result, the under floor heating connected to district heating and 

cooling system has a great effect. And it can easy combine to other kinds of system. 

The combined system gives better performance. For the case study which building 

located in Satra Sweden, the low temperature district heating and cooling, VAV 

ventilation system with temperature control and the PV solar planes make a good 

impact. And also the insulation, individual behavior and perspectives help to reduce the 

energy consumption. 
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Appendix 

Appendix A  

Steps for simulating PV system 

1. Site project information about geographical location, meteo and albedo values. 

This data can be found by google earth and NASA-SEE. On website Strang.smhi.se 

can find more recent data. 

2. In the orientation, the field parameters, both plane tilt and azimuth were site in the 

fixed tilted plane with optimization diagram. For different types of PV, there are 

different parameters need to filled in.  

3. For direct sunlight, the shadings around the building were put in to horizon by 

degree. For diffuse irradiation, there is a diffuse factor to be attenuation in percentage 

due to horizon shading. 

4. In the near shadings definition, the construction or perspective of building and PV 

were set up, combine with sun height and location the shading factor was calculated, 

and showed in table and graph. 

5. Then the type of module and inverter in PV system were chosen in system process. 

The array can be designed in this part at same time. The total area of array cannot 

larger than the area of PV model.  

6. The module layout process was jumped over in this report. In this part the general 

sub-fields area defined. And how modes filled in to module arrangement can be 

chosen.  

7. The last process simulation gives output file and auto report as result. 
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Appendix B 

District heating consumption 

Total heat consumption – Hot water consumption = District heating consumption 

Average	heating	consumption	in	Satra
Heating	consumption	for	whole	year =

Hot	water	consumption	in	Satra
Heating	consumption	in	July  

300000	kWh
1306341	kWh =

x
25	587	kWh 

The data was found in Ulvsätersvägen 14 Fjärrvärme (MWh) /200302200, 

Normalårskorrigerad förbrukning (kWh). The picture of data is attached in Appendix C. 

X = 5876 kWh, Q = 300000-12*5876 = 229488 kWh 

LCC analysis parameters & formula 

LCC energy factor:  

LCC energy factor=NUS*energy saving per year*energy cost [2] 

NUS= ( )
( )( )

 [3] 

r= real interest rate, n= number of years, e= real energy cost change 

Pay-off method: pay off year=investment/energy saving*energy price per year [4] 

Real interest rate: 6% 

Real energy price increase, electricity: 5% 

Real energy price increase, district heating: 5% 

Real energy price increase, fuel: 5% 

r-p district heating 1.00% 

r-p electrisity 1.0% 
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r-p oil 1.0% 

Data of albedo values per month in PVsyst 

 Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 
Albedo 0.72 0.66 0.72 0.42 0.32 0.32 0.32 0.28 0.32 0.42 0.52 0.62 

Price list 

Price electricity  0.85 kr/kWh 
Price district heating 0.62 kr/kWh 
 
typ of investment price unit 

Insulation wall 100 mm minull, with new render 1484 kr/m2 

Insulation wall  200 mm minull, with new render 1637 kr/m2 

Insulation wall 100 mm minull, with new sheet metal 830 kr/m2 

Insulation wall 200 mm minull, with new sheet metal 900 kr/m2 

Insulation Attic 200mm 92 kr/m2 

Insulation Attic 300mm 125 kr/m2 

Insulation Attic 400mm 160 kr/m2 

1.4x1.3m new window U-value=1,2 10050 kr/st 

1.4x1.3m new window U-value=0.85 13030 kr/st 

Change external door 9321 kr/st 

Change balcony door with window U-value= 1,2 10030 kr/st 

Change balcony to one with no thermal bridge  28090 kr/st 

Heat exchager for showers (reduce hot water consumption 

with 20 % 

5000 kr/apartment 

Solar cells (for electricity) around 15000 kr/kWt 

Solar collector (for how water) around 6000 kr/m2  

New ventialtionssytem with heat exchanger (efficiency 

85 %) 

around 50000 kr/apartment 

adjustment and balancing of heating system (reduce heating 

to radiators with 10%) 

1000 kr/apartment 

 

Input data Report of renovation 
Wind driven infiltration airflow rate  847.791 l/s at 50.000 Pa  

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

External walls  1032.35  0.56  581.99  39.97  

Roof  519.45  0.17  86.54  5.94  

External floor  518.44  0.22  115.83  7.96  
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Windows  281.40  1.55  436.17  29.96  

External doors  3.87  0.47  1.82  0.12  

Thermal bridges  
  

233.55  16.04  

Sum1/Weighted average2  2355.511  0.622  1455.891  100.00  

 

Thermal bridges  Area or Length Avg. Heat conductivity  Sum [W/K] 

External wall - Internal slab  808.05 m  0.100 W/(K m)  80.805  

External wall - Internal wall  161.20 m  0.100 W/(K m)  16.120  

External wall - External wall  88.40 m  0.200 W/(K m)  17.680  

Window perimeter  705.64 m  0.060 W/(K m)  42.338  

External door perimeter  11.63 m  0.060 W/(K m)  0.698  

Roof - External wall  101.39 m  0.300 W/(K m)  30.416  

External slab - External wall  103.97 m  0.300 W/(K m)  31.192  

Balcony floor-External walls  71.52 m  0.200 W/(K m)  14.304  

External slab - Internal wall  167.60 m  0.000 W/(K m)  0.000  

Roof - Internal wall  158.40 m  0.000 W/(K m)  0.000  

Exteral walls - Inner corners  26.00 m  0.000 W/(K m)  0.000  

Total envelope  2354.98 m2  0.000 W/(K m2)  0.000  

Extra losses  -  -  -0.000  

Sum  -  -  233.553  

 

Windows  
Area 

[m2]  

U Glass 

[W/(K m2)] 

U Frame 

[W/(K m2)] 

U Total 

[W/(K m2)] 

U*A 

[W/K]  

Shading 

factor g  

N  19.20  1.50  2.00  1.55  29.76  0.66  

E  83.58  1.50  2.00  1.55  129.54  0.66  

S  62.19  1.50  2.00  1.55  96.40  0.66  

W  116.43  1.50  2.00  1.55  180.47  0.66  

Sum1/Weighted 

average2  
281.401 1.502  2.002  1.552  436.171  0.662  

 

Air 

handling 

unit  

Pressure head 

supply/exhaust 

[Pa/Pa]  

Fan efficiency 

supply/exhaust 

[-/-]  

System SFP 

[kW/(m3/s)]  

Heat exchanger 

temp. ratio/min 

exhaust temp. 

[-/C]  

AHU  600.00/400.00  0.60/0.60  1.00/0.67  0.60/1.00  

 

DHW use  L/per occupant and day  No. of persons  Sum, [l/s]  

 
300.000  46.000  0.160  
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Input data Report of original building 
Wind driven infiltration airflow rate  847.791 l/s at 50.000 Pa  

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

External walls  1032.35  0.65  675.35  37.20  

Roof  519.45  0.30  155.68  8.58  

External floor  518.44  0.34  177.86  9.80  

Windows  281.40  1.55  436.17  24.03  

External doors  3.87  0.47  1.82  0.10  

Thermal bridges  
  

368.54  20.30  

Sum1/Weighted average2  2355.511  0.772  1815.411  100.00  

 
Thermal bridges  Area or Length  Avg. Heat conductivity  Sum [W/K]  

External wall - Internal slab  808.05 m  0.194 W/(K m)  156.761  

External wall - Internal wall  161.20 m  0.200 W/(K m)  32.240  

External wall - External wall  88.40 m  0.200 W/(K m)  17.680  

Window perimeter  705.64 m  0.060 W/(K m)  42.338  

External door perimeter  11.63 m  0.060 W/(K m)  0.698  

Roof - External wall  101.39 m  0.300 W/(K m)  30.416  

External slab - External wall  103.97 m  0.300 W/(K m)  31.192  

Balcony floor-External walls  71.52 m  0.800 W/(K m)  57.216  

External slab - Internal wall  167.60 m  0.000 W/(K m)  0.000  

Roof - Internal wall  158.40 m  0.000 W/(K m)  0.000  

Exteral walls - Inner corners  26.00 m  0.000 W/(K m)  0.000  

Total envelope  2354.98 m2  0.000 W/(K m2)  0.000  

Extra losses  -  -  0.000  

Sum  -  -  368.542  

 
 

Windows  
Area 

[m2]  

U Glass [W/(K 

m2)]  

U Frame [W/(K 

m2)]  

U Total [W/(K 

m2)]  

U*A 

[W/K]  

Shading 

factor g  

N  19.20  1.50  2.00  1.55  29.76  0.66  

E  83.58  1.50  2.00  1.55  129.54  0.66  

S  62.19  1.50  2.00  1.55  96.40  0.66  

W  116.43 1.50  2.00  1.55  180.47  0.66  

Sum1/Weighted 

average2  
281.401 1.502  2.002  1.552  436.171  0.662  

 
Air Pressure head Fan efficiency System SFP Heat exchanger temp. 
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handling 

unit  

supply/exhaust [Pa/Pa] supply/exhaust [-/-]  [kW/(m3/s)]  ratio/min exhaust temp. 

[-/C]  

AHU  0.00/400.00  0.00/0.60  0.00/0.67  0.00/0.00  

 
DHW use  L/per occupant and day  No. of persons  Sum, [l/s]  

 
300.000  46.500  0.162  

Appendix C 

The floor plan for basic level and 2-5 levels 

 

The best research cell efficiencies of PV solar cells  

 

Ulvsätersvägen 14 Fjärrvärme (MWh) / 200302200 Normalårskorrigerad förbrukning 

(kWh) 
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Simulation result of comparing original building and renovation  

Used energy kWh 

Case  Zone heating Zone cooling AHU heating AHU cooling Dom. hot water  

   
 

new  58402.7  41.0  24597.2  978.4  267968.0  

old  239718.1  0.0     0.0  296178.0  
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Utilized free energy kWh 

Case  AHU heat recovery  AHU cold recovery  

   
 

new  76423.0  -9.2  

old        

Auxiliary energy kWh 

Case  Humidification Fans  Pumps 

   

new     23839.6 349.8  

old     5038.9  0.0  

 

 

Energy for all zones (sensible only) 

During heating kWh 

Case  

Envelope 

& Thermal 

bridges  

Internal 

Walls and 

Masses  

Window 

& Solar  

Mech. 

supply 

air  

Infiltra-

tion & 

Openings 

Occu-

pants  

Equip-

ment  

Lightin

g  

Local 

heating 

units  

Local 

cooling 

units  

Net 

losses  

   
  

new  -76130.2  -602.7  -24494.7 -6181.3 -1189.2  15471.1 29193.2 5267.5  56016.4  0.0  2880.2  

old  -151079.6 7822.8  -23440.8 0.0  -125529.8 10353.2 41510.0 748.1  239708.4 0.0  0.0  
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During cooling kWh 

Case  

Envelope & 

Thermal 

bridges  

Internal 

Walls and 

Masses  

Windo

w & 

Solar  

Mech. 

supply 

air  

Infiltra-

tion & 

Openings 

Occu-

pants  

Equip-

ment  

Lightin

g  

Local 

heating 

units  

Local 

cooling 

units  

Net 

losse

s  

   

new  -18940.3  -8073.6  44399.5 -48268.9 -105.7  7999.0  20675.0 2369.7  1.6  -6.4  355.1 

old  -27082.7  -8614.6  39805.7 0.0  -23910.9  3326.2  16522.4 59.6  0.0  0.0  0.0  

 

 


