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Abstract 
The energy performance of the buildings is important for economic and environmental 

aspect. The building energy use is gradually increasing. This is due to economical growth 

and increase in population. There are various energy efficiency measures that can be 

implemented provided they are economically feasible. Several Studies show that the 

implementation of energy saving measures such as thermal insulation results in more 

energy saving. However, most of the outlined measures are not economically viable.  

The paper outlines the energy efficiency measures through the use of the computer IDA 

ICE software. The evaluation of energy performance of two multifamily houses was 

conducted and possible suggestions such as thermal insulation, change of the windows, 

installing new air handling unit, installing heat exchange in the showers, improving the 

thermal bridges and change of schedules were presented.  

The economic feasibility of the suggestions is analysed using the life cycle cost to 

determine the economic viability of the energy measures. This involved determine the 

investment cost and life cycle saving cost to decide the best option. The most important 

factor in determining life-cycle saving is the modified uniform net present factor.  The 

addition of attic insulation, replacement of lighting bulbs, installing heat exchange in the 

showers and change of schedules, meet the economical requirement within the required 

time frame.  

The total energy saving from the measures that meet the economical requirement was 

approximately 71 MWh/year for Centralgatan 14 and 54 MWh/year of Tebogatan 5 

corresponding to 24 % for Centralgatan 14 and 20.4 % of Tebogatan 5 reduction in 

heating demand. Replacement of lighting bulbs results in 5 MWh/year and 7.51 

MWh/year  electricity energy saving for Tebogatan 5 and Centralgatan 14 respectively. 

The integration of energy measures has less impact on thermal comfort. The energy 

measures implementaed are within the acceptable limit of < 15 % PPD for thermal 

comfort apart from the combined effect of adding 200 mm external insulation plus 

lowering indoor temperature.  

Key word: energy audit, economical anaylysis, life cycle savings, investment cost, 

energy efficiency, IDA ICE 
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Nomenclature 
Latin and Greek 

Symbol Description Units 

Q Heat energy W 

Cp The specific heat capacity of air J/kg•K 

hfg Enthalpy of evaporation kJ/kg 

ρ Air density kg/m3 

A Heat transfer area m2 

U Thermal conductivity W/m•K 

R Thermal resistance 
m2 

K/W 

Tr Room temperature K 

Tout Outdoor temperature K 

f Net interest rate % 

p The estimated rate of interest % 

r Interest rate % 

 

Abbreviations 

 

Letters Description 

DH District heating 

NPV Net Present Value 

GHG Greenhouse gas 

PPD Predicted Percentage of dissatisfied 

ACH Air Charge per hour 

HVAC Heating, Ventilation, and air conditioning 

EU European Union 

LCC Life cycle cost 

IRT Infrared Thermography 
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1. Introduction 

1.1 Background 
Energy plays an important role in economic growth and other daily human activity. The 

global energy use is mainly supplied from fossil fuels such as oil, gas and coal. This 

accounts for 80 % of total energy use worldwide. The share of the fossil fuels includes 33 

% of crude oil, 27 % of coal, 22 % of natural gas and 18 % other sources [1]. Fossil fuels 

are not useful energy resource due to their limited availability and climate change. In the 

recent years, the energy prices are increasing. This is due to the gradual increase of 

economic and population growth. To reduce the impact, the United Nations through Paris 

Agreement has put forward essential measures to combat climate change. The central aim 

of the agreement is to strengthen the global response to climate change by keeping the 

temperature rise below 2 ℃ [2].  

The global energy use is mainly divided into three sectors which include industrial, 

transportation and residential and service building. Both the industrial and building sector 

shows the gradual increase when compared to transport [3]. The increased environmental 

awareness and energy analysis of buildings is the tool that would drive the designing of 

builds with low environmental impact and reduce the energy use. 

Buildings are structures that provide enabling environment for the living beings. They are 

made of the building enclosure that separates the internal environment from the exterior. 

Energy is used for lighting, cooking, running appliance, thermal comfort and many other 

applications in buildings. The energy use in the building sector is rapidly growing. This 

is a serious problem in Sweden and European Unions at large. The building use is 

approximately 40 % of the total energy in the European Union [4]. To reduce this, the 

European Union proposed a directive on energy performance of the building and this was 

implemented in 2006. The main purpose of the directive is to improve the total energy 

efficiency of the building. This includes new and existing buildings.   

1.2 Building energy sector in Sweden 

The sector is divided into residential and service building. The total building energy use 

amounted to 166 TWh which represents 40 % of the total energy use in 2010. In Sweden, 

energy is supplied from various sources which include oil, district heating, electricity, 

biofuels and other fuels. It is used for space heating, hot water production, cooking, 
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lighting, running appliances and in the HVAC system. Spacing heating and domestic hot 

water production dominates in the building energy use and amount to 60 % of the total 

energy use [6]. The most common method used for heating in buildings is district heating. 

It is economical and environmental friendly.  The use of oil for heating and hot water 

production keeps on declining. Figure 1-1 illustrates the energy use in the residential and 

service sector between the period of 1970-2010. 

 

Source: Swedish Energy Agency and Statistics in Sweden 

Figure 1-1: Energy use in the residential and services sector between 1970-2010 in (TWh) 

1.2.1 Energy distribution in the case study 

The buildings use two primary energy sources which include; district heating (DH) and 

electricity. District heating is used for space heating and hot tap water while electricity is 

used for appliances, lighting, equipment and Air handling unit(AHU). The energy 

distribution for the buildings is shown in Figure 1-2 and Figure 1-3. 

 

Figure 1-2: District heating distribution for Centralgatan 14 and Tebogatan 5 
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Figure 1-3: The electricity use for the Centralgatan 14 and Tebogatan 5 

1.3 Energy policy in Sweden 

The foundation of EU policy comprises of competitiveness, sustainability and security. 

The European Commission in 2014, passed a directive proposal of the EU’s 20 % target 

for energy efficiency in 2020 [3]. The energy policies used in Sweden are based on the 

same foundation as stipulated in the energy cooperation of the EU. To achieve the EU 

directive on energy and climate in buildings. In Sweden, various policy instruments have 

been implemented to improve the energy efficiency in buildings. The most important 

measures are building regulation, energy performance certificate and financial support. 

The building regulation, BFS 2011:16 sets technical performance standard and tighten 

the requirement for energy conservation in the building. The energy performance 

certificate gives the information about the energy use of the building. The financial 

support includes support for the installation of solar cells and solar collectors on 

households.  

1.4 Literature review 

The study aimed to focus on the energy audit and the life cycle cost of the proposed 

measures for the multifamily building. This section provides various literature that is 

related within the research area. The search keywords were energy audit, energy 

efficiency measures in a multifamily building, life cycle cost analysis, retrofits, heat 

recovery technology, ventilation control and factors influencing high energy use.  
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1.4.1 Energy efficiency measures 

In the European Union (EU) building energy use is becoming the fastest growing sector 

[7]. Energy is needed for various purposes which include thermal comfort, lighting, 

cooking etc. According to [7], the need for energy efficiency is of great significance 

especially considering the fluctuation in the energy prices, the population growth and 

economic growth. The study evaluated the decision-making process for selecting energy 

efficiency measures. The systematic approach is integrated based on the building energy 

management systems key areas such as load, demand and user requirement. An energy 

audit and survey conducted by [8] showed the common causes of inefficient in the 

building energy use. However, the study was conducted in a commercial building and 

showed that inefficient of energy use in commercial buildings depends on the 

construction quality of exterior wall, windows, floor, roof and ventilation system 

The study [8] shows that improving the overall building energy efficiency of new, large 

existing building is the target for most organization. Furthermore, outline the potential 

for the insulation-related measure. In addition, when the building is renovated, the 

primary energy saving measures required includes, insulation improvement of the 

external walls, windows and roof structure. When all these improvements are integrated 

into the building, it will result into 60 % of the energy saving. It also accounts for 678 

Mt/year of CO2 reduction for buildings in Athens, Greece. 

In a similar case study of [9], an energy investigation carried out in Sweden for a 

multifamily building. Modelling and simulation on the multifamily building were 

conducted using IDA ICE, the result included various energy saving measures and 

analysis of the individual measure. The results showed that multifamily building has the 

potential reduce the energy by 50 %. This will further reduce CO2 emission more than 

43.3 %. Other studies of [9], [10] focused on residential family building, analysed the 

retrofit of some US multifamily buildings. They suggested that retrofit cost and the 

payback period of 20-25 years has substantial energy saving.  

According to the study [11], air leakages through the buildings element can result in a 

change of temperature. The paper provides the critical review of the use of the infrared 

thermography (IRT) survey in the building energy audit. IRT identify leakages, thermal 

bridges and moisture detection. The paper further indicates that after, identifying the 
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leakages when used together with blower door method in a building and apply retrofit 

will result in the substantial energy for the building.  

An energy audit conducted using IDA ICE by Qian Wang [13] shows that lowering 

temperature heating inside the building can provide advantages of reducing the energy 

use. However, lowering indoor temperature should be combined with external wall 

insulation. This retrofitting as the package can achieve 53.3 % reduction of the total 

energy delivered. This study was based on the newly constructed multifamily house and 

it was found that it cannot be applied to a leaky multifamily building because there is a 

risk of that lowering temperature may not provide an operative temperature higher to the 

required thermal comfort standard.  

Studies [17, 18] indicates that one of the most waste of energy in the building is caused 

by inefficient lighting. Moreover, lighting accounts for the great part of the total energy 

use in the building. Using energy-efficient lights with demand and proper daylighting 

controls can help reduce the electrical demand. This will contribute to visual comfort and 

green building development. Furthermore, the study [17] conducted on the testbed 

showed that LED lighting systems reduce the total power use up to 21.9 %. However, in 

most apartments, the human behaviour plays an important role in selecting a more 

efficient light and switching on/off depending on the need.  

From the energy audit study case [13] of Swedish multifamily building which was 

performed using IDA ICE, indicated a change in the overall heat energy demand for the 

ventilation when demand control is used. This resulted in approximate 50 % reduction of 

the annual heating demand. In addition, it resulted in lowering the CO2 with the maximum 

set at 1200 to 800 ppm. Several studies [14, 15, 16], suggest that when recovery system 

is used in the building, it recovers 60-95 % of heat in the exhaust air. This significantly 

improves the energy efficiency of the building. Furthermore, the paper outline a number 

of concepts that can be used to recover the heat that is from the exhaust gas. However, 

certain heat recovery exchanger is expensive to implement and requires frequent 

maintenance. The rotary heat recovery exchange is one example.  

1.4.2 Economic analysis 

The selection of the measures depends on capital investment and the benefit achieved 

after the implementation of the measure [20]. According to the paper, various economic 
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analysis method can be used to evaluate the economic viability of each energy saving 

measure. However, there are various ways to analyse the economic feasibility of the 

energy saving measure generated from an energy audit. A number of studies [9, 20] used 

life-cycle cost to assess the profitability of the measures. Life cycle cost consists of 

investment, energy and maintenance costs. According to [9], when assessing which 

measure is most profitable, the outcome results will be found when LCC is lower 

compared to the life cycle saving.  

1.5 Aim and objective 

The main aim of this project is to perform an energy audit for two buildings located in 

Skutkär owned by Älvkalebyhus AB. This will be performed in Centralgatan 14 and 

Tebogatan 5. The main objectives include: 

❖ To measure and calculate the energy use of the buildings 

❖ To identify potential areas to reduce the high energy and sugget energy efficient 

measures.  

❖ Carry out the Life cycle cost on the measures identified and examine the thermal 

comfort indicated by the model. 

❖ Provide the recommendation on the promissing measures  

1.6 Approach 

The study involved site visit to collect drawing, invoices and bills. This was then followed 

by taking ventilation measurement, IR thermal images and checking equipment and 

lighting used in three apartments. The collected information was then used as the input to 

IDA ICE for simulation. The approach is summarised in Figure 1-4. 
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Figure 1-4: Summary of the approach 
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2. Theory 

2.1 Building energy balance 

Building energy balance is based on the thermodynamic law which states that energy is 

always conserved, it is never created or destroyed. It defines the relationship between the 

heat supplied and lost through the building. Energy balance in buildings is applied to 

clearly defined boundaries called envelope. The building envelope facing the exterior air 

is exposed to convection, longwave radiation, solar radiation and conduction [22]. 

Transmission losses through the walls, door and windows while infiltration is due to a 

pressure difference of indoor and outdoor.  The energy balance equation in buildings is 

mathematically illustrated as follows. 

𝑄𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 + 𝑄𝑖𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 + 𝑄𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑄𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 ℎ𝑒𝑎𝑡 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 + 𝑄𝑠𝑢𝑝𝑝𝑙𝑦 ℎ𝑒𝑎𝑡    (1) 

Where Q = Heat energy effect 

2.1.1 Transmission heat loss 

The losses are mainly caused by conduction from the building envelope material. This is 

due to temperature difference between the inner and the outer area, it results in heat flux 

flows through the building envelope. The building with the area A corresponding to the 

U-value U, transmission losses are obtained as follows. 

 

                𝑄𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝑈 × 𝐴 × (𝑇𝑟 − 𝑇𝑜𝑢𝑡)                                                            (2) 

 

Where          Qtransmission = Transmission losses [W] 

                     U = U-value, transmission coefficient for different materials [W/m2 ×K] 

                     A = Heat transfer area [m2] 

                     Tr = Room temperature [K] 

                     Tout = Outdoor temperature [K] 

2.1.2 Infiltration heat losses 

This refers to heat losses through the door, windows and small leak holes on the building 

envelope. Therefore, infiltration heat loss is defined by the building tightness of the 

different parts of the building. Equation [3] shows the heat loss by infiltration.  

                                  𝑄𝑖𝑛𝑓𝑖𝑙𝑡𝑎𝑟𝑡𝑖𝑜𝑛 = 𝑉𝑖𝑛𝑓𝑖𝑙𝑡 × 𝜌 × 𝑐𝑝 × (𝑇𝑟 − 𝑇𝑜𝑢𝑡)                            (3) 

 

Where          Qinfiltration = Heat loss by infiltration [W] 

                      Vinfill = Air flow due to infiltration [m3/ s] 
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                       ρ = Density of air [kg/m3] 

                       Cp = Specific heat of the air [J/kgK] 

                       Tr = Room temperature [K] 

                       T0ut = Outdoor temperature [K] 

2.1.3 Ventilation heat loss 

Ventilation is fundamental for human fresh air supply. This improves the air quality in 

buildings by removal of indoor pollutants and exchange of heat from the aged air to the 

new air. Ventilation heat loss is due to air infiltration through the porous building 

materials and poor heat exchange between the ventilation return and supply line system 

[22].  The following equation illustrates the heat loss due to the ventilation system. 

                  𝑄𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 𝑙𝑜𝑠𝑠 = 𝑉𝑣𝑒𝑛𝑡 × 𝜌 × 𝑐𝑝 × (𝑇𝑟 − 𝑇𝑜𝑢𝑡)                                        (4) 

 

Where            Qinfiltration =Heat loss due to ventilation loss [W] 

                      Vvent.  loss = Air flow due ventilation [m3/ s] 

                        

2.2 IDA Indoor Climate and Energy (ICE) 
IDA ICE software is among generally accepted simulation tool. It makes possible to 

simulate building modelling for heating and ventilation system. The tool is basically used 

for building simulation of energy consumption, the indoor air quality and thermal 

comfort. In addition, simulation tools are used to carry the energy analysis and these help 

in predicts the energy flow in a building. In this case study, IDA Indoor Climate and 

Energy (ICE) is used for simulation of the two multifamily buildings.  

 

2.3 LCC analysis  
Life cycle cost is the way to analyse how much a product will cost during its lifetime. It 

involves the summations of cost estimates from inception to disposal. LCC allow 

choosing the most cost-effective approach from series of an alternative.  The method 

accounts all the energy use throughout the service life of the component [9]. The total 

life-cycle cost neglecting residual cost is illustrated as shown in equation 5.  

                   LCCtot = Cinvestment +LCCenergy + LCCmaintenance                                                        (5) 

Where            LCCtot = Total life cycle cost   

                      Cinvestment = Depicts cost of investment 

                       LCCenergy =Total energy cost during the life cycle 

                       LCCmaintenance = Total maintenance cost during the life cycle 
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The net present value ( NPV ) is used to calculate the cost when these are evenly 

distributed during the n years. It takes into account parameter r as the interest rate and p 

as the estimated rate of increase of energy prices. Therefore, the net interest rate f is 

expressed as shown in equation (6). This gives NPV equation (7) [9]. 

                                  𝑓 =
𝑟−𝑝

1+𝑝
                                                                               (6) 

                                                      

                               𝑁𝑃𝑉 =
(1+𝑓)𝑛−1

𝑓(1+𝑓)𝑛
                                                                        (7) 

Where   f = net interest rate between the real interest rate and real energy price 

             p = estimated rate of increase 

             r = interest rate 

             NPV = net present value 

The investment cost and life cycle saving are obtained using the following equations. 

Insulation investment cost = Cost of insulation×Wall araea of the building envelope   (8) 

Windows investment cost = Cost of the windows×Windows areas                                  (9) 

Life cycle saving cost = Energy saving × DH/Electricity price× Modified Uniform present 

value ( PV. Factor)                                                                                                           (10) 

              Where    DH = District heating [ MWh/year ] 

The modified Uniform present value (NPV. Factor) is obtained by modifying 

NPV [27]. 

              Modified Uniform present value (NPV. Factor) =
(1+𝑟−𝑝)𝑛−1

(𝑟−𝑝)(1+𝑟−𝑝)𝑛
                  (11) 

              Where    p = estimated rate of increase of either electricity/ DH 

                       r = interest rate 
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3. Method 

The following approach was used to achieve the required objectives in the project. Firstly, 

the project involved ventilation measurements in three apartments and data collection of 

the actual building models. This includes the design plan of the building, site, material, 

ventilation system, energy use for hot water and energy bills. This was further used as the 

input in IDA ICE for the simulation and validation of the base model. And lastly, used IR 

thermal camera to detect leakages.  

3.1 Field study objects 
The study was conducted in two buildings located in Skutskär owned by Älvkalebyhus 

AB. The company is a public owned. The housing company is taking energy measures to 

decrease the high energy use in two multifamily buildings. The buildings include 

Centralgatan 14 and Tebogatan 5 which were constructed in 1968. Centralgatan 14 is both 

a residential and service building. It has five business shops on the first floor and sixteen 

(16) apartments on top. While Tebogatan 5 is the residential building with eighteen (18) 

apartments. Heat is supplied by the district heating company Bionär AB while electricity 

is supplied by Vattenfall AB.  Centralgatan 14, Tebogatan 5 and Tebogatan 6 share one 

central heating systems. The total heating energy demand for all buildings is 710.082 

MWh/year obtained from the invoices. According to the financial accountant1, the energy 

demand for each building is obtained from the ratio 2:2:1 respectively as recommended 

by the district heating company. However, there is a small uncertainity attached to the 

ratio and its neglected.  The building under the case study are shown in Figure 3-1 and 

Figure 3-2.  

 

Figure 3-1: The physical appearance of the front view of Tebogatan 5 

                                                 
1 Wiström, A. (2017). Financial accountant-Älvkarlebyhus AB 
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Figure 3-2: The physical appearance of a front view of Centralgatan 14 

 

3.2 Field Measurements 
Ventilation flow rate was measured using electronic instruments. Two set of instruments 

used were the hot wire anemometer (VelociCalc Plus 8386, TSI incorporated Ltd) and 

hood (Testo 420, Swena flow air hood). The airflow hood is an electronic air instrument 

that was used for air volume measurement passing through the mechanical ventilated duct 

(uncertainty ±6 % l/s) [9].  The hot wire anemometer measured the speed per second 

(uncertainty ±0.1 m/s). The obtained measurements are shown in the Table 8-4  in the 

Appendix D. The Figure 3-3 shows the measuring instruments used for site 

measurements.  

 

 

Figure 3-3: Ventilation measuring device, thermo-anemometer (TSI) on the left side and 
airflow hood on the right side 
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3.2 Inspection of thermal bridges and leakages 

To identify the thermal bridges and leakages on the buildings, IR camera (Thermal CAM 

S60, FLIR Systems) was used. This is because air infiltration in the building cannot be 

seen by visual inspection in most of the cases. Therefore, a special equipment in order to 

detect them is needed. The IR-thermal camera is a fast and reliable tool to identify 

leakages in the building [23]. The inspection of thermal bridges and leakages were 

conducted in three apartments. The inspection showed that the leakages are distributed 

on the building envelope exposed to the external environment. Figure 3-4 to Figure 3-7, 

provide examples of IR thermography pictures collected during the inspection.  

 

 

Figure 3-4: IR thermography picture showing the thermal bridges around the window in 
apartment 14 of Centralgatan 14 

 

Figure 3-5:  IR- thermography picture showing thermal bridge around the bottom part 
of the balcony door in Apartment 13 of Centralgatan 14 
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Figure 3-6: IR-thermography picture around the entrance of the building Centralgatan 
14 

 

Figure 3-7: IR-Thermography picture around the inspection door of the roof showing 
thermal bridge from the roof 

3.3 IDA-ICE Simulation Models 

The models for Centralgatan 14 and Tebogatan 5 was built in IDA ICE simulation 

software. The process of modelling involves importing the architectural drawings of each 

level of the building.  Then, create the zones representing each apartment within the 

building. The process is shown in appendix B, figure 8-4. The required information of the 

building was taken from the drawings. This includes the dimension of the building, the 

size of the windows, the height of the building and other required inputs. The simulation 

program was performed using Söderham (Sweden) weather file. Then, the boundary 

conditions needed to be elaborated in the program are building materials, lights and 

equipment, air leakage area, ventilation, occupants of the building, weather data, indoor 

and outdoor temperature. In addition, the ventilation system and the temperature in 

corridors. Figure 3-8 and 3-9, illustrates the base models created in IDA ICE. 
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Figure 3-8: The model created in IDA ICE for Tebogatan 5 

 

 

Figure 3-9: The model created in IDA ICE for Centralgatan 14 

 

3.4 Building construction parameters 

The Table 3-1 shows the materials that were used as the input to the model. Apart from 

the wall surface, windows consisted of wood covering the areas between windows and 

surrounding surface. 
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Table 3-1: The building materials 

Building  Construction  Material 
Thickness 

(mm) 

U-value 

(W/K×m2 ) 

Centralgan 14 

& Tebogatan 5 

External walls 

Gypsum 9.5 

0.3294 Concrete 200 

Mineral wool 150 

Roof 

L/W Concrete 150 

0.176 

Attic 

insaulation 
180 

Air Gap 200 

Wood 20 

Floor 
Concrete 150 

3.17 
Floor coating 5 

Internal wall L/W Concrete 200 0.8547 

External wall for 

basement 

Concrete 200 
0.3262 

insulation 100 

 

 

3.5 Additional input parameters 

3.5.1 Ventilation System 

The base model was developed using mechanical exhaust ventilation system for 

Tebogatan 5. Centralgatan 14 has both a supply and exhaust unit with the heat exchanger 

for the shops and mechanical exhaust ventilation unit for the apartments. In the exhaust 

type of the ventilation system, no supply is required. In the exhaust type of the ventilation 

system, the air was entering through adjustable slots located on top of the windows. The 

flow rate is taken as shown in the Table 8-21 of Appendix B for Tebogatan 5, set as an 

input to the model.  

3.5.2 Building temperature and air infiltration 

The room temperature of the model inside was set at 20 ℃. The air infiltration rate was 

taken as 0.36 l/(s•m2) at 50 Pa. This was assumed the input to the model as shown in the 

Figure 8-5 of Appendix B. 

3.5.3 Ground properties 

The ground specification is modelled in accordance with the ISO standard 13370. The 

basement floor was taken as 200 mm concrete and ground layer outside basement are 

assumed as default values having earth layer of 0.1 m. 
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3.5.4 Internal gains and masses 

The occupancy, lighting system and equipment are among the source of internal gain in 

a build. The activity levels in the created zones were assumed as 1MET and the number 

of people in each apartment was determined using SVEBY standard: 1rk=1.42, 2rk=1.63, 

3rk=2.18, 4rk=2.79, 5rk=3.51. Therefore, it involved counting the number of bedrooms 

creating a zone and depicting number from the standard to set it as the input to the model. 

The occupancy was assumed to using the apartment 14 hours/day. Appendix B, Figure 8-

7 shows the occupancy schedule. The lighting and equipment use electricity and 70 % of 

that energy is converted to heat. In addition, occupants contributes to the internal heat 

gain. 

On the portion of stairs and the internal mass was assumed as an area of 2.72 m2 per stair 

height and the heat transfer coefficient of 1.7 W/m •K of concrete stone. The internal gain 

of the heat energy from the sun by the stairs concrete is very small and was neglected.  

3.5.5 Heating and cooling system 

Each apartment was modelled using the existing ideal heaters in the modelling program 

while the cooling system of the model was not required. The heating system is provided 

by district heating and supplied to the building. 

3.5.6 Assumption and limitation 

❖ The hot water consumption is estimated as 25 kWh/m2 floor area [31]. 

❖ The electricity used in the apartment is also estimated as 30 kWh/m2 floor area 

[31]. 

❖ Added 4 kWh/m2 year as an extra heat loss due to the opening of windows [31]. 

❖ From the heat that is produced, 25 % is from lighting, 70 % is from the equipment 

and Ventilation system is assumed to only produce 5 % of the total heat. The 

comparison is derived from the Swedish household electricity use [3]. Assuming 

that the loads that operating during the periods when occupant are not in the 

buildings are neglected.   

❖ The reduction of solar radiation due to the internal shading is modelled by 

reducing the g-value of the windows by 70 % [31]. 

❖ The thermal bridges and the district heating losses were considered as “typical”  

❖ The U-value for the windows was assumed as 1.9 W/ K•m2, tripple pane glazing, 

solar heat gain value of 0.68 and the solar transmittance value of 0.6. 
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3.6 Economical analysis  

After proposing the measures, an economic evaluation was carried out on the measures 

taken. This is performed to ensure that savings are at least greater than the investment. To 

determine Life cycle cost, equation (7) is used. 
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4. Results 

4.1 Validity of the base models 
The total heating load for Tebogatan 5 is 263.24 MWh/year and Centralgatan 14 is 301.2 

MWh/year based on the simulation results. The model results are extracted and are shown 

in Table 4-1. This is validated against the real value of the total consumption of 284.03 

MWh/year for both heatings the building and domestic hot water of both Centralgatan 14 

and Tebogatan 5. The reference value for the heating demand is obtained from the 

calculations performed in Table 4-1.  This consist of domestic hot water and the energy 

used for zone heating. Table 4-1 also illustrates the total electricity demand in a year for 

both buildings and the result of the validation of the models. The value is compared to 

the reference value of the building to validate the result. The simulation model deviates 

from the reference value of the real building.  

 

Table 4-1: The comparison of the base model with a reference value 

Building 
Energy 

Source 
Reference Value                

(MWh/year) 

Simulation Results       

(MWh/year) 

  Error    

    (%) 

Tebogatan 5 
DH 284.03 263.24 -7.89 

Electricity 22.9 23.5 +2.55 

Centralgatan 

14 

DH 284.03 301.2 +5.7 

Electricity 32.884 31.071 -5.84 

 

 

 

𝐸𝑟𝑟𝑜𝑟 ( % ) =
(𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑠𝑢𝑙𝑡𝑠−𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒)

𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑠𝑢𝑙𝑡
 × 100 =

301.2−284.03

301.2
= +5.7 % 

 

4.2 Energy balance 

Energy balance is one of the most important parts of the verified base models. It allows 

identifying the influence of each part of the building contributing high losses in the 

building. It is also the key factor in implement retrofits measures. Figure 4-1 and Figure 

4-2 shows the energy balance of the base models. It shows higher losses are caused by 

building envelope. In addition, heat is lost through the air created by the ventilation 

system. There is need to improve the building envelope insulation to reduce the high 

energy loss.  
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Figure 4-1: The energy balance for the Tebogatan 5 

 

 
 

Figure 4-2: The energy balance for Centralgatan 14 

4.3 Transmission loses 
Heat losses are transferred from the building through different parts. From the energy 

balance Figure 4-1 and Figure 4-2, it allows to identify the specific areas required to 

reduce the heat losses. Figure 4-3 and Figure 4-4 show huge transmission losses through 

the building envelopes, especially through the walls and roof. Therefore, various energy 

measures are needed to reduce heat transmission losses through the building.  
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Figure 4-3: Transmission losses for Tebogatan 5 

 

 
 

Figure 4-4: Transmission losses for Centralgatan 14 

 4.4 Energy saving measures 

The energy performance valuation was conducted to improve the overall energy 

efficiency of the buildings. In this chapter, a number of energy-saving measures are 

proposed. There are nine adjustments parts that were made to optimize the energy use for 

both buildings. This include; increasing both external wall and attic insulation, change of 

windows, installing new HVAC system for both buildings, hot water consumption 

reduction, improving thermal bridges and change of schedules. When these parameters 

are integrated together, the energy demand reduction is achieved.  
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4.4.1 Scenario A: Thermal insulation 

Thermal insulation is added to the external walls and the roof to provide an effective 

energy saving measure that attempts to reduce the negative effect of the external 

environment [30]. On both base model, 200 mm mineral wool insulation (0.036 W/K•m) 

is added to the external surface. The results indicate the decrease in the energy use for 

heating in both buildings. The net saving of energy for adding 200 mm external insulation 

is 10 % for Centralgatan 14 and 10 % for Tebogatan 5. To reduce the heat loss through 

the roof. Insulation attic is used with the thermal conductivity of 0.036 W/K•m and having 

a thickness of 200 mm. The net energy saving for heating energy demad when this is 

implemented in the base model is 6 % for Centralgatan 14 and  7 % for Tebogatan 5 as 

shown  Table 4-2. Table 4-10 shows the energy saving (MWh/year) when thermal 

insulation is implemented. 

Table 4-2: The energy saving when thermal insulation is implemented 

Energy Measures 
DH Energy Saving ( % ) 

Centralgatan 14 Tebogatan 5 

External Insulation 10 10 

Attic Insulation 6 7 

 

4.4.2 Scenario B: Changing windows 

The windows are changed by replacing them with lower U-value ( U = 0.85 W/m2•K ). 

The energy saving for the heating energy demand after replacing the windows with the 

new pane glazing is 10 % for Centralgatan 14 and 7 % for Tebogatan 5 as illustrates in 

Table 4-3. The net losses through the windows reduce. Table 4-10, shows the energy 

saving for both buildings in year. 

Table 4-3: The energy saving when windows ( 0.85 W/m2•K )  are erected 

Energy Measures 
DH Energy Saving ( % ) 

Centralgatan 14 Tebogatan 5 

Replacing the Windows with U= 

0.85W/m2•K 
10 7 

 

4.4.3 Scenario C: Installing new air handling unit (AHU) system 

There are various control system that are used in the HVAC. The base model used CAV 

(constant air volume) on the mechanical exhaust system. This system requires high flow 

rates and higher energy for heating. This system was replaced with standard air unit 

having VAV (variable air volume) having temperature control with an heat recovery 
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exchanger of 85 %. This is more appropriate for good thermal comfort in buildings. The 

net energy savings of heating energy demand is 30 % for Centralgatan 14 and 34 % for 

Tebogatan 5 when compared to the base models. Table 4-4 shows the percentage energy 

savings for installing new AHU. 

Table 4-4: The energy saving for installing new single air handling unit 

Energy Measures 
DH Energy Saving ( % ) 

Centralgatan 14 Tebogatan 5 

New air handling unit (AHU) 30 34 

 

4.4.4 Scenario D: Installation of Heat exchanger for the showers (Reduced 

hot water use)  

The installation of the heat exchanger for the shower result in reduced hot water use is 

which represents 20 % reduction. The heating energy demand when this is implemented 

reduces and results in a net saving of 5 % for Centralgatan 14 while 6 % for Tebogatan 5 

as shown in Table 4-5. The percentage of the total occupant hours with thermal 

dissatisfaction remain the same as the base model.  

Table 4-5: The energy saving for installation of the heat exchanger in the showers 
 

Energy Measures 
DH Energy Saving ( % ) 

Centralgatan 14 Tebogatan 5 

Installation of the heat 

exchanger in the showers 5 6 

 

4.4.5 Scenario E: Improving thermal bridges 

The presence of thermal bridges in building envelopes affects the energy use and thermal 

comfort of the occupant. To reduce the leakages indicated in Figure 3-4 to Figure 3-7 

taken using IR thermography camera, it requires a change of external doors and change 

of balcony to one with no thermal bridge. Thermal bridges are part of the building 

envelope that has a major effect on the thermal performance [23]. When the thermal 

bridges are improved, the energy demand for zone heating reduces with a net saving of 5 

% for Centralgatan 14 and 3 % for Tebogatan 5 as compared to the base models as shown 

in Table 4-6. The comfort of the building remains the same as the base model.  
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Table 4-6: Energy saving for improving the thermal bridges 

Energy Measures 
DH Energy Saving ( % ) 

Centralgatan 14 Tebogatan 5 

Improving the thermal bridges 5 3 

 

4.4.6 Scenario F: Replacement of the lighting bulbs 

The lighting used in the building based on the site visit in three apartments and shops are 

fluorescent and candescent lamps. The average power rating for the lamps is 60 W in the 

apartments. To improve the efficiency of the building lighting systems, the lighting bulbs 

should be upgraded to energy saving bulbs. When this is replaced with 20 W LED lighting 

with the same luminous flux, it will result in 21.3 % for Tebogatan 5 and 24.2 % 

Centralgatan 14 of the electricity demand. Table 4-7 shows the percentage energy savings 

for both building. Integration of LED bulbs results in small increase of heat demand for 

both building. However, the amount of energy savings obtained from implementing this 

measure is higher when compared to the heat demand.  

Table 4-7: Energy saving for the replacing the lighting systems 

Energy Measures 
Electricity Energy Saving ( % ) 

Centralgatan 14 Tebogatan 5 

Replacing Energy saving lights 

(LED) 24.2 21.3 

 

4.4.7 Scenario G: Increasing external insulation plus temperature reduction 

The indoor temperature was lowered by 2 ℃  to 18 ℃ with 200 mm external insulation 

increase. From the results, the total energy saving was 20 % for Centralgatan 14 and 21 

% for Tebogatan 5 as compared to the base models and is illustrated in Table 4-8. The 

change is as the result of reduced heating value for the zones. While domestic hot water 

remains the same. Though, this has a high impact on thermal comfort. 

Table 4-8: The net energy saving for external insulation plus temperature  

Energy Measures 
DH Energy Saving ( % ) 

Centralgatan 14 Tebogatan 5 

External insulation plus 

temperature reduction by (2 

°C) 

20 21 
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4.4.8 Scenario H: Changing schedules for air discharge control  

The schedule is changed during the period when the demand is low. The supply heating 

energy demand reduces because of the reduced heat generated. Therefore, running the 

ventilation system when it is not required results in high energy use. When the schedules 

are integrated into the air discharge control, it will result in heat energy saving of 14 % 

for Centralgatan 14 and 12 % for Tebogatan 5. The schedule air discharge control is 

different from VAV (variable air volume) because it works on the demand control 

principle. Air is extracted depending on the demand inside the building. The percentage 

energy savings is shown in Table 4-9 when the air discharge schedule is implemented.  

Table 4-9: Energy saving after changing the schedule for air discharge control 

Energy Measures 
DH Energy Saving ( % ) 

Centralgatan 14 Tebogatan 5 

Changing schedule for air 

discharge control 14 12 

 

4.5 Summary of energy-saving measures and possible outcomes 
The summary of the energy savings when the following measures are implemented are 

shown in Table 4-10.  

 

Table 4-10: The energy saving measures and possible savings after the implementation 

Scenario 

analysis 

Energy Saving Measures implemented Energy savings (MWh/year) 

  Centralgatan 14 Tebogatan 5 

Scenario A 
Adding 200 mm External insulation 28.3 21.4 

Adding 200 mm attic insulation 16.19 14.5 

Scenario B Replace Windows (U = 0.85 W/m2•K) 26.8 16.42 

Scenario C 
Install New AHU (with VAV plus 

temperature control 
82.7 74.6 

Scenario D Heat exchange for the shower (Reduced 

hot water)  
15.2 13.06 

Scenario E Improving thermal bridges 12.99 6.77 

Scenario F Replacement of the lighting bulbs 7.51 5 

Scenario G Increasing the External Insulation plus 

Temperature reduction 
55.84 46.3 

Scenario H Changing schedules for AHU control 40.0 26.1 
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4.6 Thermal comfort of the base models 
The simulation tool (IDA-ICE) integrates many standards which include ISO 7730 for 

computing thermal comfort of the building. These are based on Fangers. From the 

analysis of the base models, the predicted percentage of dissatisfied    (PPD) was 9 % of 

the base model Centralgatan 14 and 14 % of Tebogatan 5. This is within the acceptable 

standard of  EN 15251.  The percentage of hours when the operative temperature is above 

27 ℃ is 3 % for Centralgatan 14 and 1 % for Tebogatan 5. Table 4-11 illustrates the PPD 

for the base models. 

Table 4-11: Shows the predicted percentage of dissatisfied of the base model (PPD %) 

Buildings Predicted Percentage of dissatisfied (PPD %) 

Centralgatan 14 9 

Tebogatan 5 14 

4.6.1 Effect of the energy measures on thermal comfort 

The Integration of the energy measures on the base models to improve the energy 

efficiency of the building result in changing of thermal comfort. The PPD of the base 

model increases depending on the energy implemented. When compared to the EN ISO 

7730, which states the acceptable thermal dissatisfaction in the building should be smaller 

than (<15%). Therefore, various measures are within the limit. 

Energy measures introduced on the models result in substantial energy saving for the 

building as shown in Table 4-5. The integration of these measures has less impact on 

thermal comfort, apart from the combined effect of external insulation plus lowering the 

indoor temperature. The combined effect of external insulation plus lowering indoor 

temperature affects the thermal comfort condition. The percentage of the total occupant 

hours with thermal dissatisfaction increases to 15 % from 8 % of the Centralgatan 14 and 

28 % from 8 % of Tebogatan 5. This occurs when the external insulation is increased by 

200 mm plus lowering the temperature by 2 °C. 

The percentage of the occupant with thermal dissatisfaction reduces to 13 % as compared 

to 14 % of the base model when the external insulation was added for Tebogatan 5 while 

for Centralgatan 14, it remains same at 9 %. However, the percentage of hours when the 

operative temperature is above 27 °C increases from 3 % to 8 % of Centralgatan 14 and 

remains the same for Tebogatan 5 at 1 %.  
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Reducing the U-value to 0.85 W/m2•K for the windows results in PPD remaining the 

same as the base models at 14 % for Tebogatan 5 and of Centralgatan 14 increases from 

9 % to 10 %. The percentage of hours when the operative temperature is above 27 °C 

increase from 3 % to 5 % for Centralgatan 14. 

When the air Handling Unit is integrated with VAV (Variable air volume) having 

temperature control (variable air volume) were used for both building, the percentage of 

the total occupant hours with thermal dissatisfaction increased by 1 % for both buildings. 

Although, the percentage of hours when the operative temperature is above 27 °C in worst 

zone increases from 1 % to 2 % of Tebogatan 5.  Figure 4-5, shows the summary of the 

thermal results after each energy measure is implemented on the base models.  

 

Figure 4-5: Thermal comfort when each energy measure is implemented and compared 
to the standard requirement for thermal comfort 

4.7 Economic feasibility of energy measures 

The implementation of energy saving measures largely depends on the capital and it 

should be analysed such that the investment is viable and if it could be implemented. 

Therefore, it’s important to optimize the energy use through improving areas with huge 

heat loss. In the base models, heat is lost mainly lost through wall, windows, roof thermal 

bridges and floor. After implementing the energy measure, it’s important to carry out the 

economic feasibility of the energy measures.  

Despite, high energy saving for implementing certain energy measures. The results 

showed that certain energy measures are not economically viable. This is because of the 
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difference between the investment cost compared to life-saving cost. Energy measure that 

is not viable for both buildings includes adding 200 mm external insulation, installing 

new air handling unit, erecting new windows and improving thermal bridges  

The addition of 200 mm attic insulation, replacing the lighting bulbs, installing a new heat 

exchanger in the showers and change of the schedules for both buildings represents the 

energy measures that meet the life cycle analysis. This is because the life cycle cost is 

more than life cycle saving. Therefore, LCC determines the most cost-effective approach 

from series of alternative measures implemented. Table 4-12 and Table 4-13, illustrate 

the life cycle cost for the buildings respectively and also indicates which measures are 

viable and those that are not economically viable. The price2 of materials are shown in 

Table 8-3 of Appendix  C [29]. The life cycle process of energy measures was conducted 

as shown in Figure 4-6. The analysis is based on the equation 11.  

 

          

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         
 

         

Figure 4-6: The Life cycle analysis is performed from the scenario A to H as shown in the 
chart 

 

 

                                                 
2 Other prices such as District heating price = 0.62 Kr/kWh and electricity price = 0.85 Kr/kWh 

Scenario 
A1

• Adding  200 mm 
external insulation

Scenario 
A2

• Adding 200 mm attic 
insulation 

Scenario 
B

• Replacing the windows 
with less U-value (0.85 
W/m2•K)  

Scenario 
C

• Installing new Air 
Handling Unit (AHU)

Scenario 

D

• Installing the heat 
exchanger in the showers

Scenario 

E

• Improving the thermal 
bridges

Scenario 

F

• Replacement of the 
Lighting system 

Scenario 
G

• Increasing the external 
insulation plus 
temperature reduction

Scenario 
H

• Adding Schedules for air 
discharge control for fans
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Table 4-12: The Life cycle analysis for Centralgatan 14 

Energy 

Measures 

Energy 

savings 

(MWh/year) 

Life Cycle 

Cost 

(SEK) 

Life Cycle 

Saving 

(SEK) 

Life 

Length 

(years) 

Is this a good 

investment 

Scenario A1 28.3 3.68× 106 5.76×105 40 NO 

Scenario A2 16.19 1.2×105 3.31×105 40 YES 

Scenario B 26.8 1.545×106 4.28×105 30 NO 

Scenario C 82.7 1.15×106 9.25×105 20 NO 

Scenario D 15.2 1.15×105 1.31×105 15 YES 

Scenario E 12.99 4.4×105 7.8×104 20 NO 

Scenario F 7.51 2.13×104 2.52×104 4 YES 

Scenario G 55.84 3.68× 106 1.137×106 40 NO 

Scenario H 40.0 1.08×105 4.477×105 20 YES 

 

Table 4-13: The Life cycle analysis results for Tebogatan 5 

Energy 

Measures 

Energy 

Savings 

(MWh/year) 

Life Cycle 

Cost 

(SEK) 

Life Cycle 

Saving 

(SEK) 

Life 

Length 

(years) 

Is this a good 

investment 

Scenario A1 21.4 2.822×106 4.36×105 
40 NO 

Scenario A2 14.5 6.092×104 2.95×105 
40 YES 

Scenario B 16.41 1.035×106 2.63×105 
30 NO 

Scenario C 74.6 9.5×105 8.34×105 20 NO 

Scenario D 13.06 9×104 1.12×105 
10 YES 

Scenario E 6.77 5.056×105 7.57×105 
15 NO 

Scenario F 5 1.6×104 1.67×104 
15 YES 

Scenario G 46.3 2.822×106 1.×106 40 NO 

Scenario H 26.1 5.4×104 2.92×105 20 YES 

 

The calculation are based on; Real interest rate r= 6 % [29] 

                                                Real energy price increase of electricity p= 5 % [29] 

                                                Real energy price increase of district heating p= 5 % [29] 

                                                Life length (years) and prices of the materials3      

                                                 
3 This is based on the information collected from different companies by Mathis Cehlin and presented in 

Building energy simulation and optimulation 7.5 cr at the Uinversity of Gävle [29] 



 

32 

 

The LCC analysis of attic insulation, replacement of lighting bulbs, installing a heat 

exchanger in the showers and change of schedules for air discharge control are 

economical. When implemented it will result in heat energy saving of 71.48 MWh/year 

for Centralgatan 14 and 53.66 MWh/year for Tebogatan 5. Replacement of lighting bulbs 

results in 5 MWh/year and 7.51 MWh/year  electricity energy saving for Tebogatan 5 and 

Centralgatan 14 respectively. The investment cost for implement these energy measure is 

less as compared to the life-saving cost.  
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5. Discussion 

5.1 IDA ICE modelling process 

The model was generated using IDA ICE and extracted inputs from the data that was 

based on site measurements. IDA ICE is an important computer tool in simulation and 

optimization of building energy use [13]. SVEBY standard was used for other required 

information. The measurements were collected in three apartments of Centralgatan 14 

and one in Tebogatan 5.  The simulation program was performed using Söderham 

(Sweden) weather file. The validity of the base model has an error of -7.89 % for 

Tebogatan 5 and +5.7 % of Centralgatan 14 of the heating demand.  

5.2 Energy measures and life cycle analysis 

There is high heat loss through the walls, roof, windows, doors and thermal bridges as 

shown in Figure 4-3 and Figure 4-4. Therefore, implementing retrofits is an effectivre 

solution that promotes energy efficiency use [8]. Thermal bridges such as balcony slab 

also contribute to the additional heat loss. From the energy balance of both buildings, it 

is observed that the largest share of heat loss is due to the building envelope and thermal 

bridges. Apart from transmission losses taking up the largest heat losses, some additional 

heat losses are contributed by air infiltration of the buildings. In order to identify air 

infiltration of the buildings, it requires the combination of IR thermal camera and blower 

door method. In the case study,  as observed on IR thermographic camera the result shows 

that thermal bridges are concentrated on the joints formed by the external wall and the 

doors.  To optimize the energy use, various measures were proposed. 

The addition of external insulation to the buildings results in high energy savings. It 

reduces the flow of heat out of the building. It promotes energy saving of the building [7]. 

The total energy savings for adding extension is shown in the Figure 4-10. The value of 

adding thermal insulation to the walls and roof depends on the cost per area of application 

and the thickness of the insulation. Another factor that influences the cost of the life cycle 

saving is the price of district heating. The investment cost for adding external insulation 

is more than life cycle saving cost. This represents more payback period than the required.  

The implementation of the attic insulation to both buildings proves more profitable when 

investment cost is compared to life-cycle savings. The energy saving for adding attic 

insulation for both buildings is illustrated in the Figure 4-10. This appears to be more 
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effective for both buildings. Consequently, Substantial energy saving is achieved when 

new windows with less U-value are erected. However, the life cycle saving is less than 

investment cost for both buildings.   

The installing of new HVAC with temperature control and improving thermal bridges 

provide good comfort conditions, although the life cycle savings are less than the 

investment cost. However, installing new HVAC with temperature control resulted in 

more heating energy saving for the buildings as compared to other energy measures. This 

is because of the heat recovery system that is integrated in AHU. In addition, erection of 

new air handling unit, is an effective way of promoting better comfort conditions within 

the building [14, 15].  Similar studies conducted [13], indicates 50 % reduction in the heat 

energy when new AHU is installed. However, when similar energy measures are 

subjected to LCC analysis in the case study, it is not economically viable. 

The addition of external insulation plus lowering indoor temperature showed the increase 

of dissatisfaction of the occupant though no investment is required for the implementation 

of this energy-saving measure of temperature reduction.  From the economical analysis 

of this energy measure, the life cycle cost is more than life cycle saving. Therefore, it is 

not ecomically feasible to implement this energy measure.  

Replacing the existing lighting system with LED’s results in more electrical energy 

saving. However, the heating energy demand slightly increases due to less internal heat 

energy generated by new lights. Studies [17, 18] indicates lighting as an essential 

component in buildings and  21 % of the energy is saved when LED’s were installed. 

Approxiamately, slightly higher energy saving is achieved when LED’s were modelled 

in the base models for both buildings. 

All the energy measures can be implemeneted and high energy savings is achieved. 

However, economical viability is critical before there are implemented [20]. Therefore, 

adding external insulation, change of windows, installing new HVAC system, improving 

thermal bridges and external insulation plus temperature reduction proves to be less 

profitable. The investment cost is more than life-cycle saving, despite the fact that more 

energy is saved when these measures are implemented.  
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6. Conclusion  
The building envelope and thermal bridges affect the energy performance of the 

buildings. The addition of the thermal insulation, installation of air handling unit, 

changing the windows, improving thermal bridges, installing an heat exchanger in the 

shower and change of air discharge schedules, can upgrade the energy performance of the 

buildings.  

In order to analyse the building performance, various energy saving measures were 

analysed on how the efficiency of the building would be improved. The suggested energy 

saving measure affected the building energy performance positively. All the energy 

saving measure contributes to energy efficiency of the building when implemented, but 

their feasibility depends on the economic aspect of the life cycle cost. This is based on 

the investment cost and life cycle saving of the energy measures. The amount of energy 

reduction from the implemented energy saving measures varies; the combination of 

external insulation plus temperature reduction has the higher impact on the energy 

reduction of the buildings. However, from the individual measures, the higher energy 

reduction is recorded from the analysis of installing new air handling unit and this reflects 

the importance of ventilation with heat recovery system in the building.  

The most economically viable energy measures include the addition of attic insulation, 

replacement of lighting bulbs, installing a heat exchanger in the shower and change of 

schedules. Implementing the illustrated economical feasible measures will result in 

energy savings for the buildings. The economical feasible measures will result in energy 

saving of approximately 24 % for Centralgatan 14 and 20.4 % of Tebogatan 5 for the 

heating demand.  

6.1 Further research 
Based on this thesis, further research could look on the technical and economic aspect of 

the correlation of the energy-saving measures such as the combination of external 

insulation plus attic insulation. Furthermore, combine the blower door method together 

with thermography to provide more graphic evidence to identify the point of effect. This 

method proves as the most effective tool in ensuring that building complies with the 

standard.  
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6.2 Perspectives 

The another important components to outline in this project is the environment impact 

and the sustainability. Energy audit contributes in improving the efficiency of the 

buildings. Thereby lowers the energy use and cost. Moreoever, energy measures are 

implemented so that sustainability is achieved.  Today energy use is mainly produced 

from fossil fuels. Energy auditing of the existing multifamily buildings offers an 

important opportunity in reducing the environmental impact and global energy use. In 

addition, plays a key role in achieving sustainability in buildings at low cost. 
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8. Appendix  
8.1 Appendix A: Building energy use based from the invoices 
 

 

Figure 8-1: The Heating demand for the month of December for the both Centralgatan 
14 and Tebogatan 5 

The heating demand Centralgatan 14 and Tebogatan 6 is registered at Tebogatan 5. The 

of the heating demand for the buildings Centralgatan 14: Tebogatan 5: Tebogatan 6 is 

equivalent to the ratio of 2:2:1. The total heating demand obtained from the invoices is 

shown in table 

Table 8-1: The DH Energy for one year collected from the invoices 

Months District heating (MWh/year) 

January 121.664 

February 95.727 

March 81.778 

April 66.047 

May 35.984 

June 18.314 

July 10.002 

August 14.676 

September 21.947 

October 63.493 

November 88.353 

December 92.097 

Total 710.082 

  

Therefore, the heating demand for each building of Centralgatan 14 and Tebogatan 5 is  

= (2/5)  × 710.082 = 284.03 𝑀𝑊ℎ/𝑦𝑒𝑎𝑟  
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Figure 8-2: The electricity demand for the Centralgatan 14 for the month of November. 

 

Figure 8-3: The electricity demand for the Tebogatan 5 between the month of June and 
August. 

Table 8-2: Electricity energy demand for both buildings 

Months Centralgatan 14 (kWh) Tebogatan 5 (kWh) 

January 5317 2095 

February 1807  

March  3926 

April 3740  

May 4466 3535 

June 1520 1711 

July 1289  

August 1481 4544 

September 1461  

October 3105 3363 

November 4119 1815 

December 4579 1919 

Total 32884 22908 
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8.2 Appendix B: IDA ICE Modelling and input parameters 
 

  
 

Figure 8-4: Zone setting layout for the building for Tebogatan 5 

 
Figure 8-5: Shows the air infiltration parameters 

 
Figure 8-6: IDA ICE simulation result of the base models for Tebogatan 5 (left) and 
Centralgatan 14 (right) 
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Figure 8-7: The schedule for the occupants for both Centralgan 14 and Tebogatan 5 

 
 

Figure 8-8: The schedule for equipments in the buildings 
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Figure 8-9: The schedule for lighting in the building apartments 

 

 

Figure 8-10: Schedule for air handling unit (AHU) fan 
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Figure 8-11: Schedule for the Ventilation systems for the shops 

 

 
Figure 8-12: IDA ICE input material for the roof 
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Figure 8-13: IDA ICE input material for the external wall 

 
Figure 8-14: Building heat losses for Tebogatan 5 
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Figure 8-15: The total delivelered energy for Centralgatan 14 from the base model and 
some energy measures. 

 
Figure 8-16: Energy delivered when other energy measures are implemented for 
Centralgatan 14 
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Figure 8-17: The total delivelered energy for Tebogatan 5  from the base model and 
some energy measures. 

 
Figure 8-18: The energy savings results when implemmented on Tebogatan 5 

 
Figure 8-19: The flow rate for Tebogatan 5 
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8.3 Appendix C: Material costs 
Table 8-3: The Price for the materials and some equipments provided in Building energy 
simulation 

Type 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 200 mm 92 kr/m2 

Insulation Attic 300 mm 125 kr/m2 

Insulation Attic 400 mm 160 kr/m2 

1.4x1.3 m new window U-value= 1,2 W/m2•K 10050 kr/st 

1.4x1.3 m new window U-value=0.85 W/m2•K 13030 kr/st 

Change external door 9321 kr/st 

Change balcony door with window U-value= 1,2 W/m2•K 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/kWh 

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 
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8.4 Appendix D : Site measurements and equipment power rating in 

apartments 
Table 8-4: The site measurements taken from Centralgatan 14 and Tebogatan 5 

Apartment No Toilet ( l/s ) Kitchen ( l/s ) 

11 14.2 10 

12 12.2 7.9 

12 13.5 7.6 

      

Business Area Toilet ( l/s ) Kitchen ( l/s ) 

1 20.2 6.8 

2 21 6.5 

 

Table 8-5: The equipment within the apartment 

No Name Power ( W ) Units 

1 

Fridge and 

freezer 140 1 

2 Four plate stoves 2400 1 

 


