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Abstract  

 

There is ongoing work related to the energy efficiency of residential buildings in 

the subarctic regions in northern Sweden. The focus is often on the reduction of energy 

usage and the economic aspects for the property owners. With the introduction of new 

technology and changes to the existing building, the indoor thermal climate is affected. 

While these measures not necessarily create a negative impact on the occupants’ 

experience, it is essential to understand the outcome of various energy efficiency 

measures on an indoor thermal climate point of view. It is also crucial to explore used 

software, methods and how to interpret the outcome of simulations.  

The present thesis investigates residential buildings subjected to energy efficiency 

measures in the subarctic region of Sweden, primarily from an indoor thermal climate 

point of view. Both typical residential buildings in the region and a new pilot building 

with unconventional approaches were included. The goal of the present thesis was to 

establish important aspects of energy efficiency measures to improve the knowledge 

for the region.  

Along with measurements in the buildings, the building energy simulation software 

IDA Indoor Climate and Energy (IDA ICE) and the computational fluid dynamic 

(CFD) software ANSYS CFX were used in the present thesis. A comparison showed 

that the IDA ICE software and the CFX software gave different results when predicting 

the indoor thermal climate, mainly attributed to the thermal radiation. Due to the nature 

of CFD, the CFX was able to identify the variation of velocities, temperatures and 

thermal radiation in the whole volume, which also affected the results. Further, CFX 

could detect potential problems of the interior that could be crucial, that building 

energy simulation software such as IDA ICE could not. 

The results also demonstrate how CFD is an essential tool when evaluating the 

indoor thermal climate. When it comes to making a fair assessment of changes, it is 

important to consider the thermal parameters, the occupied zone and the time spent in 

that zone. Without considering the occupants’ experience or adequately pay attention 

to heating and ventilation systems, energy efficiency measures could lead to the 

rebound effect. It is, therefore, important to consider and evaluate the thermal climate 

and properly adjust heating and ventilation systems after energy efficiency measures. 
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1. Introduction 

1.1 Background 

The residential building sector in Sweden has, on average, been using 88 TWh 

per year of energy in the past decade [1]. As seen in Fig. 1, these 88 TWh represent 

23% of the total Swedish energy usage, where about two-thirds was used for space 

heating. Consequently, there has been ongoing work to reduce the energy demand 

in buildings to reach climate goals [2].  

In the northern subarctic regions, the energy demand for space heating is higher 

due to prolonged and colder winters, which can require additional attention to the 

building envelope. The energy efficiency of residential buildings in the subarctic 

regions is a relatively small research topic, but it is not limited to Sweden and 

neighbouring country, but also exist in similar regions [3–7]. The studies related to 

residential buildings in the colder climate can range from the smaller-scale studies 

of heat transfer in the building envelope and evaluating various heating systems in a 

building [6, 8, 9], to large scale studies where the life-cycle cost (LCC) and the life-

cycle energy (LCE) are considered for whole building complexes [2, 4, 10]. 

 

 

Figure 1. The energy usage in Sweden, average values between 2008 and 2018. 

38%

23%

16%

23%

39%

Energy use in Sweden 2008-2018

Industry Transport Services etc Residential buildings



Chapter 1 | Introduction 

2 

With a growing understanding of how to improve a residential building from an 

energy and economic point of view, the occupants’ perception of the thermal climate 

in the building can sometimes be forgotten. Fanger began publishing his research on 

the perception of the indoor thermal climate in the 1970s [11]. International 

standards with ASHRAE has expanded since [12], and Sweden has its regulations 

and recommendations for the thermal climate [13]. However, regardless of what 

energy efficiency measures (EEMs) that have been done, if the indoor thermal 

climate is not sufficient, the occupants will find ways to improve it, which can have 

a negative effect; the rebound effect [14–17]. 

The energy efficiency of buildings has been seen to lead to overheating [16, 18]. 

For example, during an EEM, the building envelope might have been improved, but 

the heating system not adequately adjusted. The building overheats, and the 

occupants open their windows to cool down. This behaviour leads to increased heat 

supply, while the heat demand has been lowered. The described scenario would lead 

to a rebound effect. To avoid the rebound effect, it is necessary to have a better 

understanding of the thermal climate, how EEM affect the thermal climate and how 

software used in the industry today can evaluate the occupants’ experience. 

One of the most common tools used within the industry in this region is the 

building energy simulation (BES) software IDA Indoor Climate and Energy (IDA 

ICE). With an accessible user interface, engineers can model, investigate and study 

buildings in a 3D environment. The software can use custom material data, several 

predefined or custom made heating and ventilation systems, real weather conditions 

and location of the building. With all of these combined, the software can calculate 

the heat and cooling demand, the used energy, solar gains and several other 

outcomes. As long as occupants are included in the software, it is possible to get an 

understanding of the thermal climate based on Fanger’s models [11]. IDA ICE can 

calculate the results on a yearly basis, at a reasonable time. 

The strength of the calculation time can also be a weakness for IDA ICE. For a 

smaller-scale model, each control volume represents a room, whereas in larger 

projects a control volume can be an entire floor of a complex. The calculations are 

performed at the boundary of each control volume and in a node in the centre of each 

control volume. This way to handle the calculations is a standard way for BES 
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software such as IDA ICE. It is enough to get an understanding of most of the results, 

but the user cannot predict results in detail in the volume. In other words, inside the 

space where the occupants’ dwell. 

To be able to investigate the heat transfer and thermal conditions inside a 

building, computational fluid dynamics (CFD) has been suggested as a tool and been 

used in several studies [19–23]. A coupling of IDA ICE and other building energy 

simulation (BES) tools and CFD has been investigated [24, 25], and EQUA, the 

developer of IDA ICE, is aiming to implement a CFD coupling in the software. 

There is still a need to understand how to perform coupling, usage, differences and 

similarities of the outcome. There is also still a need to further develop, understand 

and interpret CFD simulations of the indoor thermal climate. 

1.2 Objectives 

The main objective of the present thesis was to investigate and improve the 

knowledge of the indoor thermal climate in residential buildings that have been 

subject to some EEM, and located in a subarctic region. To reach the main objective 

of the study, secondary objectives were included; evaluation of both BES and CFD 

software and how to better evaluate the outcomes and results of the software. The 

BES software used was IDA ICE since it is a standard and commonly used software. 

The CFD software used was ANSYS CFX. 
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2. Methods 

2.1 The buildings 

The present thesis includes two types of buildings which can be divided into two 

sections; the typical buildings and the pilot building. The typical buildings in the 

present thesis were buildings that were common for the region and where the gained 

knowledge and experience can be shared with similar objects. The pilot building was 

a new building with unconventional approaches to EEMs to learn of the outcome in a 

subarctic region. 

2.1.1 The typical buildings 

The typical buildings were either two or three-story buildings constructed in the 

1970s and 1980s and were subject to renovation, either during the investigation or 

coming decade. The present thesis introduces buildings from two different towns; 

Kiruna and Piteå, located in the northern part of Sweden.  

In Kiruna, two buildings were investigated that belonged to two different blocks in 

the same area, henceforth referred to as KB1 and KB2, respectively. KB1 was 

renovated and had improvements made to the building envelope between 2016 and 

2017. KB2 had yet to be renovated at the time. Other than the renovation, the two 

buildings were identical. These buildings are presented in detail in Paper II. 

The Piteå buildings (PB) had no renovation performed, nor any EEM implemented. 

The buildings have instead been subject to studies and on how to best perform the 

renovation along with EEMs [2]. Details for these buildings are presented in Paper III. 

Both areas had hydronic radiators for heating. Each block had substations 

connected to the district heating network and where the incoming heat was distributed 

to the buildings. Exhaust air was removed in kitchens and bathrooms in all of the 

buildings. Neither of the buildings had mechanical air supply units. In KB, the air was 

supplied above the windows. In PB, the air was supplied behind the radiators, which 

preheated the supplied air. 
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2.1.2 The pilot building 

The pilot building was a pair of two semi-detached houses (semis) and was located 

in Kiruna. The building had a thick building envelope with an overall heat loss of 11 

W/m², floor area, when the outdoor temperatures were -25.7°C. Due to low heat 

demand, the semis were using an air heating (AH) system instead of conventional 

radiators. Like traditional ventilation systems, the heated air was supplied in bedrooms 

and living rooms, while the exhaust air was removed in kitchens, bathrooms and 

laundry rooms. An overview of the placement of supply and exhaust units in one of the 

two semis is presented in Fig. 2 to give an understanding of where said units are 

located. The semis have been subject to previous studies and evaluated regarding the 

construction and performance. The two semis were mirrored, and therefore, only one 

of them—henceforth referred to as the semi—was studied to understand the indoor 

thermal climate and how to evaluate it. The semi is presented in detail in Paper I. 

 

 

Figure 2. The circles represent the supply units and the crosses the exhaust units. 
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2.2 Investigated cases 

The semi (Paper I) had known problems with the indoor thermal climate, mainly 

due to imbalance of heat supply. The present thesis first investigated the thermal 

climate using CFD technique with ANSYS CFX to pinpoint where the problems were 

located. In addition to this, another four scenarios were simulated with options on how 

to improve the thermal climate and their separate influence. All of the cases were 

evaluated using the thermal parameters, time spent in the rooms and space. 

KB1 and KB2 (Paper II) were investigated using IDA ICE. With KB1 renovated 

and KB2 as the original building, they were evaluated as a before and after 

implemented EEMs. After the EEMs at KB1, the indoor temperatures increased. KB1 

was, therefore, re-evaluated with decreased indoor temperatures to match KB2, to see 

how much the heating would differ and the potential of the rebound effect. 

PB (Paper III) was studied with both ANSYS CFX and IDA ICE to see similarities 

and differences between the two software. Only one apartment was studied in detail 

with the focus on the thermal climate. Based on previously suggested EEMs [2], both 

software had measures implemented stepwise to see how each software calculated and 

predicted the indoor thermal climate. The EEMs including changes for both the 

building envelope and the ventilation system, and in total, four scenarios were tested, 

including the original building. 

2.3 Indoor thermal climate and measurement data 

The Predicted mean vote (PMV) and the Predicted percentage of dissatisfied (PPD) 

were used to evaluate the thermal climate. The PMV range between ±3. At -3, the 

occupants will be dissatisfied and feel cold, and at +3 instead feel warm. Within ±0.5, 

the occupants are satisfied. The PPD is derived from the PMV but presented as a 

percentage of dissatisfaction. 5% or below is a perfect indoor thermal climate. 10% or 

below are considered acceptable to ASHRAE-55 [12]. To evaluate the PMV and PPD 

values, six parameters were needed; air temperature, air velocity, relative humidity 

(RH), radiation temperature, metabolic rate and the clothing (Clo) level. The first four 

parameters were derived from measured data and the calculated solutions. The latter 

two parameters were both set representative values. In all case, the Clo value of 1.0 

was used, which represented the occupant wearing “typical winter indoor clothing”. 
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For the semi and PB, the metabolic rate value was 1.0, representing the occupant being 

seated. For KB1 and KB2, two values for the metabolic rate was used; 0.8, which 

represented an average value at home, and 1.2, which represented an average value 

while home and awake [7]. 

In all cases, indoor temperatures, relative humidity (RH), surface temperatures and 

air velocities were collected through measurements. Air temperatures and RH was 

gathered every 15 minutes during measurement periods. The air velocities were 

measured on specific occasions, using a Testo 425 thermal anemometer. At the centre 

of each room, air velocities and temperatures were measured in a vertical line at 0.1, 

0.5, 1.0, 1.5 and 2.0 metres from the floor. Surface temperatures were investigated with 

a FLIR i7 thermal camera. 

At PB and the semis, the measurement of temperature and RH was done 

continuously for one year. At KB1 and KB2, the temperature and RH were measured 

during four periods in one year, with each period lasting 1-2 weeks. District heating 

and electricity consumption data were collected from 2014 to 2019 for KB1 and KB2, 

separately. Heating and electricity consumption for PB and the semi was also collected 

for the past years. The heating was corrected for the average outdoor temperature 

variation. Surface temperatures and air velocities were measured at specific times 

during winter conditions in December, January and February. 

2.4 IDA ICE 

For KB1, KB2 and PB, IDA ICE 4.8 was used. The models for KB1 and PB are 

shown in Fig. 3 for an overview. As can be seen in the figure, the entire buildings were 

created for KB1 and KB2. For PB, only one standard apartment was included to be 

comparable with the CFD results. All buildings were made with material and layout 

according to the original blueprints. Additional necessary data was set according to 

standard values from the Swedish Standardised and Verified Energy Performance in 

Buildings (Sveby) [26].  

KB1 and KB2 were validated with collected supplied heat data for the periods with 

indoor thermal climate measurement data. PB was validated with supplied heating and 

thermal climate measurement data. In the additional three scenarios investigated for 
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PB, temperatures and velocities used were gathered from the CFX solutions to make 

the results comparable between the two software. 

 

 

Figure 3. IDA ICE models of KB1 (top) and the apartment from PB (bottom). 

2.5 CFX 

For both the semi and PB, the ANSYS software was used to simulate the 3D models. 

The semi was already complete with a validated 3D model from a previous work by 

Risberg et al. [3]. In the present study, the same model was used for further 

investigation.  

Geometries and mesh were constructed using the ANSYS DesignModeler and the 

Meshing tool. The semi had a complete model of the whole semi, the southernmost 

half of the two semis, while PB only had a standard apartment made. Both models had 

their meshes based on grid size studies using Richardson extrapolation, where 

temperature and velocities were used as parameters. Linear elements were used with a 

maximum cell length of 0.1 m, inflation layers were added to all windows and external 

and internal walls with a growth rate of 1.5. Additional refinements were made along 

with supply and exhaust units, and the radiators in PB. Overview of the two models is 

presented in Fig. 4. 
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ANSYS CFX software was used for the setup, solver and post-processing of the 

solutions. For the semi, CFX 19.2 was used and for PB, CFX 2019 R3. Only steady-

state solutions were used. The boundary conditions towards the exteriors had heat 

fluxes or heat transfer coefficients calculated from the U-values. Walls against 

neighbouring apartments in both models were considered adiabatic. The heat from 

indirect sunlight, background radiation and surrounding area were calculated and 

added to the boundary conditions. The heat loss due to infiltration was also included in 

the boundary conditions.  

 

 

Figure 4. CFD models of the semi (top) and PB (bottom). 
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User-defined functions were written for surfaces with heat transfer to handle the 

convection heat transfer correctly, based on previous studies. Since turbulence 

occurred in the models, a k-ε turbulence model was used. Both the semi and PB used 

a discrete transfer thermal radiation model which included all participating media 

within the fluid domains. A second-order upwind advection scheme was used for the 

solver in both cases. The semi had the RMS residual target set to 10-6 and PB to 10-4. 

In both cases, secondary criteria to reach convergence was stabilised temperatures in 

the centre of each room. Both models were validated with air temperatures and air 

velocities according to detailed measurements. 

CFX-Post was used for the post-processing. The evaluation of the semi and PB was 

mainly done by plotting the PPD values in every element that had PPD values above 

10% inside of the occupied zone. In both cases, the occupied zone was the volume 

vertically within 0.1 and 2.0 m above floor level and horizontally 0.1 m from internal 

surfaces and 0.6 m from external surfaces. Using this method, it was possible to see 

where problems persisted and how severe the problems were.  
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3. Summary of results & discussion of the appended papers 

3.1 Paper I – Evaluation of the semi 

The five simulated cases were compared using a comparison number (COM). The 

COM was the combination of the dissatisfaction and time. The dissatisfaction 

considered both the severity of dissatisfaction (PPD percentage) and the volume the 

dissatisfaction inhabited in the occupied zone. The time considered the time spent in 

that occupied zone depending on room type. The COM value does not say anything by 

itself, but instead, show how one case either is improved or not in comparison to other 

cases. For the semi, the COM decreased when changes were made to improve the air 

supply distribution and the airflow in the semi. The values are presented in Fig. 5, 

where the drastic change from 30 to lower values are visible.  

 

 

Figure 5. The comparison number for each case. 

 

Case 1.0 was the original building with no changes.  

Case 1.1 had the air distribution recalculated to match the heat demand for the two 

floors separately.  

Case 2.1 had two supply units moved—one from the living room and the one in the 

family room—to be closer to the exhaust air rooms and distribute the air more 

evenly. The new placements of the supply units are shown in Fig. 6, where the 

red circles depict which supply units were moved and their new location. 

Case 3.1 and Case 3.2 had two types of air transfer units introduced to the exhaust 

air rooms. Traditional horizontal units above doors in Case 3.1, and vertical units 

beside the doors in Case 3.2. The locations of the air transfer units are presented 

in Fig. 6.
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Figure 6. The red circles depict which supply units were moved and the new location in Case 2.1 

and onward. The bars at the doors represent horizontal air transfer units in Case 3.1. The smaller 

blocks next to the doors the vertical air transfer units in Case 3.2. 

 

A correct supplied amount of air to match the heat demand should be evident from 

the start when air is the only supplied heat. The drop of the COM value from 30.4 in 

Case 1.0 to 7.8 in Case 1.1 shows the impact with the correct air supply. In the original 

case, overheating persisted in the living room. The adjusted heat flow in Case 1.1 still 

resulted in a 1.1°C average temperature difference between the two floors. With the re-

location of supply units in Case 2.1, the air was better distributed, and the average 

temperature difference was reduced to 0.2°C. This is mainly a result of the re-located 

supply unit from the living room to the entrance hall, which eliminated the overheating 

further. 

The air transfer units improved air distribution which gave a better indoor thermal 

climate. The vertical units in Case 3.2 helped to distribute the air but created a draft 

inside the occupied zone, which had a negative impact on indoor thermal climate 

compared to Case 3.1. The traditional horizontal units above the doors had a similar 

draft, but due to the location, this draft was outside the occupied zone. Regardless of 

the air transfer unit, it was seen that these types of units were necessary to create a good 

indoor thermal climate when using the AH system. 
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3.2 Paper II – Before and after the renovation of KB1 and KB2 

The supplied heat from the heating seasons between 2014 and 2018 for both KB1 

and KB2 was compared. The two buildings had a difference of 2-3%, which persisted 

after the EEMs and the heat demand was reduced of KB1. Comparison of the indoor 

temperatures of both buildings during the heating season showed a 2°C difference on 

average, with KB1 having higher temperatures. These findings suggested that KB1’s 

heating system had not been adjusted after the EEM and delivered excessive heat. In 

other words, no real reduction to the heat delivered to the building had been made. 

The indoor temperatures varied in KB1 but remained at 23-24°C on average during 

the heating season. In theory, these temperatures combined with other measured 

parameters and the metabolic rate at 0.8, the indoor thermal climate can be acceptable. 

Occupants living in KB1 concurred with this and never expressed dissatisfaction. 

However, the presented results indicated that risk for overheating persisted. Although 

there was no clear indication of the rebound effect, it was a possible consequence.  

The validated IDA ICE models of KB1 had their indoor temperatures decreased to 

21°C to estimate the potential heat supply reduction after the EEMs. This indoor 

temperature created a good indoor thermal climate with a PPD value of 6% when the 

metabolic rate was 1.2—average value for occupants at home and awake. The results 

for the heat supply from the actual measured values and the new models for four 

months are presented in Fig. 7, where the difference in heating is evident, as expected. 

 

 

Figure 7. The actual heat supply (kWh/m²) for KB1 (Measured) each month, compared with 

theoretical IDA ICE models (Simulated) using decreased indoor temperatures to 21°C. 
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The heat supply was reduced by 11-13% during the winter months, by 10% in the 

autumn and 40% in the summer. These percentages are substantial. Assuming that the 

yearly average heat supply reduction was 10-15%, the whole residential area where 

KB1 and KB2 are located could reduce the heat supply with 200-270 MWh. These 

numbers clearly show how important it is to consider the indoor thermal climate and 

to adjust the heating system properly after EEMs. 

3.3 Paper III – Comparison of CFX and IDA ICE at PB  

Previously suggested EEMs for PB from an earlier study [2] was investigated using 

both IDA ICE and CFX to see how well the two software simulated and predicted the 

indoor thermal climate before and after EEMs. In total, four scenarios were simulated, 

referred to as scenario 1, 2, 3 and 4. 

Scenario 1 was the original building. 

Scenario 2 added additional insulation and new windows. 

Scenario 3 changed the ventilation system to a heat recovery ventilation (HRV) 

system. The HRV system reduces the stress on the radiators and increases the air 

supply temperature after heat exchange with the exhaust air. 

Scenario 4 included both the additional insulation, new windows and HRV. 

The results varied between the two software when only the centre node in each 

room was investigated. In Fig. 8, the average values from each scenario are compiled 

for an overview to see the difference between the two software better. In general, the 

CFX solutions gave lower PPD values and hence better indoor climate. The main 

reason for the difference was a predicted higher operative temperature, which was 

derived from the mean radiant temperature (MRT).  

IDA ICE had stable PPD values throughout the cases, remaining around 14% 

dissatisfaction on average in each room. CFX, on the other hand, varied more between 

the rooms. The living room in the CFX solutions, for example, had an average PPD 

value of 19% throughout all the scenarios, with scenario 3 resulting in the overall 

highest PPD value of 31%. At the same time, the kitchen had an average PPD value of 

5%. CFX was more sensitive to the variation of MRT than IDA ICE. 
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Figure 8. The average PPD values at the centre nodes from each scenario, with the dot representing 

IDA ICE and the triangle the CFX solution. 

 

Similar to Fig. 8, the average PPD values from each IDA ICE model was plotted 

in Fig. 9, but instead of using the centre nodes in CFX, the whole occupied zone 

average values were compared. As seen, using the whole occupied zone resulted in 

higher PPD values. Scenario 1 and 3—the two scenarios with the original building 

envelope—had more in common than the values in Fig. 8, with a 1-2% difference. 

Scenario 2 had a difference of 2.5%, while scenario 4 still had a significant difference. 

By using the whole occupied zone, only scenario 2 and 4 had an acceptable indoor 

thermal climate according to CFX results. 

 

Figure 9. Average PPD values from each IDA ICE (dot) model, compared with the average PPD 

values in the occupied zone from each CFX solution (triangle). 
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The improved building envelope in scenario 2 and 4 reduced the heat demand, 

which decreased the supplied heat from the radiators. The decreased heat supplied also 

lowered the PPD values in the CFX solutions, and hence improved the indoor thermal 

climate. IDA ICE used the results from CFX as input to be comparable. However, as 

can be seen from both Fig. 8 and Fig. 9, there is a difference in the resulting PPD 

values. The difference was mainly attributed to the MRT, which was derived from the 

surface temperatures. IDA ICE had stable surface temperatures similar to the air 

temperature at all time. CFX, on the other hand, varied the surface temperature 

depending on the surface, for example, the radiators. While the theoretical equations 

are correct, IDA ICE might fail to consider a larger variation of the surface 

temperatures—at least compared to the CFX solutions. 

The effect of the improved building envelope was also seen by looking at the 

volumes where dissatisfaction persisted, i.e. where the PPD was above 10%. Although 

the PPD values remained within similar ranges between the scenarios, the volume with 

dissatisfaction covered 54% of the occupied zone in scenario 1 and 15% in scenario 4. 

These values show that the indoor thermal climate was improved significantly with the 

EEMs. However, the results indicate that the single largest improvement to the indoor 

thermal climate was made when the building envelope was improved. Although the 

HRV system can have heat-saving potential, by itself it did not have a considerable 

impact on the PPD values. 

The CFX 3D model with the whole interior in a reasonable detail resolution had 

considerable advantages when exploring the outcome of the EEMs. The plotting of the 

PPD values in every element where the value was higher than 10% gave a good 

indication of where problems persisted, as can be seen in Fig. 10 and Fig. 11, where 

scenario 1 and 4 are presented from CFX-Post. In Fig. 10, it can be seen that PPD 

values above 10% persist in lower levels of the volume in general. The living room, 

the rooms furthest away in Fig. 10, has lighter colours indicating higher PPD values. 

In Fig. 11, the improvement of the indoor thermal climate is visible. 

However, CFX came with significantly longer setup time compared to IDA ICE, 

which required knowledge not only about the software but also of CFD in general. 

Additional to this, the computational time was longer for CFX as well. IDA ICE, on 

the other hand, is an accessible tool within the field of building simulations related to 
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energy and some extent, the interior. With the limited points in the control volume, the 

simulation time is reduced, which is beneficial when yearly simulations are done, for 

example. The user should, however, be aware of the limited insight into the indoor 

thermal climate, which can affect occupant behaviour and hence the outcome. BES 

software, coupled with CFD, should be considered in certain aspects. 

 

 

Figure 10. 3D model of scenario 1 from CFX-Post. The elements filled have PPD values above 

10%. Non-filled elements had a good indoor thermal climate. 

 

 

Figure 11. 3D model of scenario 4 from CFX-Post. The elements filled have PPD values above 

10%. Non-filled elements had a good indoor thermal climate. 
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4. Conclusions 

It is possible to utilize the AH system in the subarctic region, instead of the 

conventional hydronic radiators, when the building envelope is improved. However, it 

is crucial not to see the AH system as a traditional ventilation system, but also that it 

fulfils the heating of the building correctly. Measures should be taken to improve air 

distribution to rooms with no heat source. 

It is also essential to look into the heating system of buildings when EEMs has been 

made. By not correctly adjusting the heating system, no heat reduction will be made. 

Depending on the occupants’ behaviour, there is the potential for the rebound effect. 

EEMs which improves the building envelope can have a more significant positive 

impact on the occupants’ perception of the indoor thermal climate. While an HRV 

system can reduce energy usage, it does not necessarily enhance the indoor thermal 

climate considerably in all cases. The reason for the improved indoor thermal climate 

with thicker building envelope can be due to the lowered power from the radiators, 

which avoids overheating, but still, supply enough heat to create thermal comfort. 

While different BES software such as IDA ICE are good at calculating energy and 

perform building simulations with reasonable computational time, there is a limit to 

the interior of the building. CFD software such as ANSYS CFX comes with a 

considerable setup and computational time but has the advantage to investigate the 

whole interior in detail. A coupling between the two methods has been suggested 

before and should be considered in some instances; for example, when significant 

changes to the heating and ventilation system are done. 

To make a fairer assessment of the indoor thermal climate when using CFD 

methods, the whole volume of the occupied zone should be investigated. The time 

spent in various rooms is also essential and should be considered. A room where the 

occupants rarely spend time should not have a significant effect on the overall results. 
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