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Abstract  

This study focuses on the effects that a greenhouse can have in the energy demand of 

a regular Swedish dwelling. Based on the layouts and information that Fiskarhedenvillan 

house constructor company supplied, a simulation model was built on IDA ICE and a 

greenhouse was placed attached to the house. The results show an energy reduction 

of 12 % in heating by placing a greenhouse next to the house in the south façade, as 

well as the possibility to use the space for growing plants. An analysis about the change 

in the orientation of the house was done in which it was proved that south orientation 

implies the lowest energy demand. Lastly, the possibility of installing a heater in the 

greenhouse was studied by making an energy analysis of it, in order to consider the 

chance to use the greenhouse as another common area all over the year.
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1 Introduction 

1.1 BACKGROUND 

The residential and services sector takes a 40 % of the share in total energy use in  

Europe, as it can be seen in the Figure 1 below, and 70 % of that energy is used for 

heating [1] [2]. This energy use in residential sector is predicted to continue increasing 

[3], and in order to solve the problem, different measures have been taken in Europe 

following European Union regulations. Reduction of the energy consumption and 

increase of the renewable energy usage are key factor nowadays in order to ensure a 

secure energy supply. Regarding that, several measures about the construction of new 

buildings, existing buildings and building energy performance certificates can be 

found in those regulations [1].  

The residential and services sector takes a 40 % of the share in total energy use in 

Sweden and half of that energy is used for heating and hot water [4]. In 50 years, the 

use of oil for heating decreased 90 % due to the fact that electricity and district heating 

systems have replaced the oil that was used for heating. Thanks to the increase in 

knowledge about insulation and energy saving measures the use of energy for heating 

decreased in the 2000’s. For example, the number of heat pump used in dwellings 

increased in the last 25 years, because they give more energy than they use [5]. 

Reducing energy use is one example of a sustainable way of living. There are 

behavioural changes that people can make to make their life more sustainable. Those 

changes can be as simple as increasing car sharing or increasing awareness about water 

and energy usage. However, there are some other changes that require a bigger 

consciousness-raising from people. Growing own food, implementation of a more 

efficient technology in transportation or in household devices are changes that need 

more effort to make [6]. 

Figure 1. Energy use in Europe in 2007, by sector [2]. 
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In order to follow this trend of sustainability, in this project, a greenhouse will be 

placed next to a house to study its effects on the house. Although the effects of 

growing own food cannot be measured, the reduction of the energy demand can be, 

using IDA Indoor Climate and Energy (ICE) simulation tool (Version: 4.8 SP1). IDA 

ICE is a simulation tool for the study of the thermal indoor climate of the buildings, 

at the same time of the energy consumption. Building Energy Simulation is widely 

used to predict energy use in buildings [7]. Mathematical models based on the laws of 

physics are used in the simulations with the purpose of analysing unknown or future 

situations of the case.  

1.2 DESCRIPTION OF THE HOUSE 

The dwelling studied in this project is a standard Swedish house of one floor and an 

internal floor surface of 156.9 m2, where 3 people were assumed to live in. In        

Figure 2 the layout of the house is shown. In Appendix A all the drawings of the house 

to be studied can be found, as well as the construction of the external covering of the 

house and the ground insulation. Taking into account the layouts of the house, the 

dwelling was supposed to be on a sub urban residential area better than in the city 

centre.  

 

Figure 2. Layout of the house. 
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1.3 LITERATURE REVIEW 

This literature review gives a brief explanation about the two big aspects of this 

research: importance of the building energy and the use of greenhouses as habitable 

places. These aspects were further studied and analysed to carry out this research. 

1.3.1 Building Energy 

The energy balance of a building is essential to maintain the thermal comfort inside 

the building, in in order to have a comfortable indoor environment. There are several 

factors that affect the energy balance of a building and thus, they need to be taken into 

account when designing one.  

The aim of a good insulation is the reduction of the heating demand without using too 

much of it [8]. The decrease in heating demand occurs when the heat inside the 

building is recycled and used, for example, to pre-heat the supply air of the ventilation 

system by extracting heat from the warm exhaust air.  

Orientation towards the south tends to have lower heat demand than orientation 

towards the north in the Northern hemisphere [9]. Depending on the location of the 

house, some orientation can be more favourable than others. 

Airtight buildings have capacity to achieve acceptable indoor climate [7], due to the 

decrease of heat loses. However, the better airtight a building is, the higher the need 

of ventilation is. Therefore, the study of an effective ventilation is highly important 

when designing an air tight dwelling.  

In order to ensure the proper functioning of the ventilation system, windows need to 

be properly closed and the ducts should be well insulated and sealed [3]. That way, 

the energy losses are minimised. Air exchange rate has to be strictly measured to 

maintain a proper air quality in the building, avoiding air draughts that can disturb the 

thermal comfort. However, when the indoor and outdoor temperatures are similar, 

i.e. in transitional seasons, natural ventilation can be an efficient method to ensure air 

quality in the inside. With natural ventilation, the reduction of the energy demand 

would be achieved, while ensuring a thermal comfort inside [10]. 

An efficient heating system is crucial to ensure thermal comfort in winter inside the 

house without wasting energy. Thus, nowadays there are different heating system 

possibilities, suitable for diverse kinds of houses: electric heating, wood or pellet 

burning, solar energy and heat pumps [11].  
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Internal gains cannot precisely be controlled, but they need to be taken into account 

when designing a house [12], [13]. Internal gains could happen due to occupancy, 

solar radiation, electrical devices, cooking stoves, water pipes, bathing and lighting. 

As they are not constant, periods with less internal gains can happen [14]. During 

nights, for example, there are not as many heat gains related to stoves, bathing or 

lighting as there are during the day. Shading helps to reduce the internal heating gain 

related to solar radiation, by blocking the sun beams entering to the building. 

1.3.2 Greenhouses 

Greenhouses are structures designed to provide an acceptable environment to grow 

plants inside them [15]. Humans have different indoor needs comparing to plants, that 

is why it is important the control of the climate inside the greenhouse in order to 

make it habitable for humans.  

There are several aspects to take into account when building a greenhouse [16]: 

- Transmissivity of the envelope. 

- Heat retention in cold and warm periods. 

- CO2 concentration inside the greenhouse. 

- Durability or lifetime of the greenhouse. 

The biggest problem with greenhouses is the overheating of the interior [17]. Due to 

the high temperatures that can be achieved, ventilation and cooling systems are crucial 

in order to maintain an appropriate environment inside the greenhouse. As the glass 

cover is air tight, the heat losses related to infiltrations are negligible. This is why the 

ventilation system needs to be high quality: opening windows on the top of the glass 

cover need to be controlled in order to maintain an acceptable indoor temperature 

and air quality. If the outside temperature is too cold to ventilate the interior of 

greenhouse directly, the existing heat can be used to warm the inlet air up and ensure 

a proper thermal comfort inside the glass cover. This way, as well as warming up the 

inlet air, the inside is cooled down, using the heat generated in the inside of the 

greenhouse. 

Shading is also a good way of preventing or causing overheating in the greenhouse 

[17]. Adjustable shading can be placed with the aim of blocking the sun beams in 

summer and allowing the sun in in winter.  As previously said, orientation towards 

the south in Northern hemisphere, lead more heat gains than orientation facing the 

north. 
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Some students of the University of Rotterdam (Netherlands) built a house and 

covered it with a greenhouse to see if vegetables could be grown in there, at the same 

time of lowering the heating and cooling demand [18]. The air inlet to the house is 

provided from a pipe in the ground, warming up the air in winter and cooling it down 

in summer before it entering in the building. This way, less energy is used for ensuring 

the thermal comfort of the house. Nevertheless, the family living there has faced some 

problems. The habitants of the house are in charge of controlling the greenhouse by 

opening the windows to avoid the overheating of the inside. After one week of 

vacations away from the house, the greenhouse was overheated and some of the plants 

inside died. Thus, one of the first conclusions from the project was that the house 

cannot be left unattended for more than a few days or that automatized controls need 

to be installed to ensure a correct functioning of the greenhouse. The study is still 

being carried out and the results have not been published yet. 

1.4 AIMS AND LIMITATIONS 

The main objective of the project is the energetic analysis of a house after placing a 

glass structure next attached to a façade of the house. The analysis of the energy saving 

achieved due to the greenhouse was made, as well as the analysis of the influence of 

the orientation in the reduction of purchased energy. 

As this is a theoretical study, there were not physical and economical restrictions that 

limit the scope of the study, that is why the first idea was to half-cover the house with 

a glass structure. However, IDA ICE simulation program cannot model the house as 

initially planned. Half of the house cannot be covered by a glass structure, having the 

glass structure above the roof of the dwelling. In this case, the glass structure had to 

be attached to the house façade. This modification changed the planning of the project. 

Nevertheless, an energy analysis was carried out under the new conditions. 

Comparisons between simulations with different orientation for the greenhouse were 

carried out. 

Moreover, the first idea of the heating, ventilation and air conditioning (HVAC) 

system of the simulation model was also out of scope of the standard installations of 

IDA ICE. Instead of an installation of an exhaust air heat pump, a standard IDA ICE 

plant was introduced on IDA ICE and some extra calculations were done in order to 

obtain the same results as if an exhaust air heat pump had been installed.  
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Finally, the schedule of the occupancy, use of the equipment of the house and lighting 

was supposed based on a regular working week that a Swedish family has. No extra 

guests, holiday days or special celebrations were taken into account. This means that 

the results given will not be as accurate as the reality. Nevertheless, as the data 

introduced was the regular use of the house, the results obtained reflects also the 

regular energy use of the dwelling, and therefore, the error made can be considered 

minimum.  

In order to accomplish the aim previously stated, different simulations were carried 

out changing different parameters that affect the energy study of the house. This way, 

knowing the energy savings in different scenarios, a better study of the effect of the 

greenhouse in the dwelling was achieved. 

 



7 
 

2 Theory 

2.1 IDA ICE 

As previously said, IDA ICE computer simulation tool is used in this project to carry 

out the energy analysis. IDA ICE accurately simulates buildings and all their systems 

over a period of time for studying the thermal indoor climate as well as the energy 

consumption of the entire building. By changing materials, efficiencies of different 

devices, prices or geometric shapes, IDA ICE calculates the energy demand, indoor 

air quality and the best thermal comfort [19].  

2.2 Building simulations 

“Building simulation offers the ability to adequately address building performance 

problems as well as the construction process” [20].  

Building simulations can be used when the building to be studied is already built or 

not. When the building is not built, changes of several variables like the building 

materials, climate, occupancy, energy use can be simulated and the effect they will 

have in the energy demand of the building can be studied. When the building is already 

built, changes in the building can be simulated in order to check which is the best 

improvement for the house regarding energy [21].  

2.3 Energy balance in a house 

The energy balance of a building is the relation between the energy gains in a building 

and the energy losses in it. Overall, the energy balance in a house can be calculated 

with the next equation [22]: 

𝑄ℎ𝑒𝑎𝑡𝑖𝑛𝑔 + 𝑄𝑠𝑜𝑙𝑎𝑟 𝑔𝑎𝑖𝑛𝑠 + 𝑄𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑔𝑎𝑖𝑛𝑠 = 𝑄𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 + 𝑄𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 + 𝑄𝐷𝐻𝑊      (1) 

 

Energy supplied to the building is shown in the left part of the equation 1. The heating 

demand (𝑄ℎ𝑒𝑎𝑡𝑖𝑛𝑔) is the energy that is purchased to warm up the building, domestic 

hot water and maintain the thermal conform in there. Not all the energy that is lost 

should be bought, because there are some heat sources that are free and warm up the 

space. Solar gains (𝑄𝑠𝑜𝑙𝑎𝑟 𝑔𝑎𝑖𝑛𝑠) are the energy due to solar radiation that heats the 

building from the envelope and the internal gains (𝑄𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑔𝑎𝑖𝑛𝑠) are the heat gains 

due to equipment, lighting or occupancy of the building.  

The energy losses are shown in the right part of the equation 1. These losses consist 

on ventilation losses (𝑄𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛), losses related to domestic hot water demand 

(𝑄𝐷𝐻𝑊) and transmission losses (𝑄𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛). Domestic hot water losses are the 

losses that occur while water is moving through the piping system. 
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The objective of the ventilation is to maintain good air quality as well as a proper 

temperature inside. When air is extracted, heat energy is wasted with the exhaust air, 

and those are the ventilation losses. However, with a mechanical ventilation system 

the inlet air can be pre-heated with exhaust air and heat can be recovered. After the 

heat recovery, the ventilation losses can be calculated with the following equation: 

𝑄𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = (1 − 𝜂) · 𝐹 ·  𝜌 · 𝑐𝑝 · (𝑇𝑒 − 𝑇𝑖)           (2) 

where 

𝜂= Effectiveness of the heat exchanger (-) 

𝐹= Ventilation flow (m3/s) 

𝜌=Density of the air (kg/m3)  

𝑐𝑝= Specific heat capacity of air (J/(kg·K)) 

(𝑇𝑒 − 𝑇𝑖) = Temperature difference between the inlet and outlet of the 

ventilation flow. 

Transmission losses are heat losses through the envelope. They depend on the material 

that the envelope is made of, this means, that the better the insulation of a house is, 

the lower the heat losses due to transmission. The transmission losses are obtained 

using the following equation: 

𝑄𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = ∑𝑈𝑖 · 𝐴𝑖          (3) 

Where, A is the area of each surface of the envelope and U is the thermal transmittance 

of each surface of the envelope. The U-value is the ability that materials have to 

transmit energy due to temperature differences. The U-value of a construction is the 

inverse of the sum of the thermal resistances of the materials that construction is made 

of and the thermal resistance both of the internal and external surfaces: 

𝑈 =
1

𝑅𝑠𝑖+ ∑𝑅+𝑅𝑠𝑒
         (4) 

where 

Ʃ𝑅 = sum of the thermal resistances of the materials of the surface 

(m2·K/W) 

𝑅𝑠𝑖= thermal resistance of the internal surface (m2·K/W) 

𝑅𝑠𝑒= thermal resistance of the external surface (m2K/W) 

When insulation improves, the U-value decreases because the thermal resistance of 

the material increases.  
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2.4 Domestic heat pump 

A domestic heat pump extracts heat from the ventilation air, rocks, ground, lake 

water or underground water. The heat extracted is distributed inside the dwelling by 

ventilation (warm air) or water (tap water, underfloor heating or radiators). 

Depending on the energy demand of the house, different sources can be used. With a 

high energy demand, rock, underground water, ground or lake water can be used. 

However, when the energy demand is low, air source heat pumps can be used e.g., 

exhaust air heat pumps [23].  

2.4.1 Exhaust air heat pump 

This type of heat pumps extracts the air from the house generating vacuum inside. 

The supply air is done with valves that are installed on top of the window or walls and 

can regulate the inlet air. 

The figure above shows how the extract air heat pump used in this project works. It 

extracts heat from the exhaust air and this heat is used for space heating in this case. 

Overall, the heat extracted is used for space heating, as well as heating the domestic 

tap water [4]. The air is naturally supplied to the house from the valves above the 

windows. 

 

 

Figure 3. Diagram of an exhaust heat pump [35] 
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3 Method 

This section describes the method used to perform the energy analysis. The first step 

to start this project was to obtain the dwelling plans to be studied. Fiskarhedenvillan 

house construction company supplied the drawings of the layout and the external wall 

and roof construction of one of their standard building models. All the layouts, 

location of the windows, the construction of the walls and the U-values of the surfaces 

of the envelope are shown in the Appendix A.  

IDA ICE needs several input data to define the model properly in order to obtain 

realistic results about the house analysing. Information regarding global data, heat 

ventilation and air conditioning (HVAC) systems and equipment, lighting and 

occupancy of the dwelling was introduced on IDA ICE. 

3.1 Global data 

The simulations were carried out considering the building was placed in Stockholm, 

using climate data from Stockholm of the IDA ICE data base. The composition of the 

ground for the simulations was chosen from the default values of the data base from 

IDA ICE, because it was supposed that this choice does not have any significant 

influence in the results, since in the comparison between cases the ground 

characteristics are the same in each case.  

The orientation of the building was defined with the greenhouse facing the south. As 

the orientation facing the south is the best due to the heating demand reduction in 

winter [9], the backyard of the house was placed facing the south. However, the 

change of orientation will be analysed later in the thesis. 

External walls, floors, window and roof constructions were carried out taking into 

account the house plans and the information that Fiskarhedenvillan house construction 

company supplied (see Appendix A). However, the information about the internal walls 

and doors was not defined in the drawings provided, so based on the width of the 

walls from the layout, it was assumed that the construction of the internal walls would 

be as they are shown in the Appendix A. 

Based on the references given, it was assumed that the heat loss due to thermal bridges 

were the 20% of the total transmission losses of the envelope [24] [25]. The total 

transmission losses were calculated from the results section of the model supposing 

there were not any losses related to thermal bridges. A new simulation was made after 

knowing the losses related to thermal bridges, introducing the losses regarding 

thermal bridges calculated before. All the calculations done for obtaining the results 

are shown in Appendix B. 
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IDA ICE has a big data base based on standards from international institutions such as 

American Society of Heating, Refrigerating and Air-Conditioning Engineers 

(ASHRAE), International Energy Agency (IEA) or Comité Européen de 

Normalization (CEN) that makes the use of the default values a good choice if that 

data is unknown [26]. This way the localization data, pressure coefficients and system 

parameters that were introduced as default values, can be taken into account as valid 

input data. 

3.2 Heat, ventilation and air conditioning (HVAC) 

systems 

The idea for the space and domestic water heating was the implementation of an 

exhaust heat pump to use the heat of the exhaust air and re-use it to reduce the energy 

demand for the total heating. Fiskarhedenvillan house building company usually installs 

this kind of heat pumps for two reasons: it is cheap and easy to install comparing to 

other heat pumps that can be found in the market, as the air-to-water heat pump. It 

combines the ventilation and heating system into one unit.  

In the next lines, the model used for the study of the house will be explain, as well as 

all the assumptions and calculations that were carried out to analyse the heat pump 

based heating system. A return air flow ventilation system was introduced in the 

HVAC systems to extract the air of every room in the house to extract the dirty air 

from all the rooms. No air supply ventilation was added in the house. Instead of the 

supply ventilation system, some leaks were introduced on the bedrooms, living room 

and the family room. The air inlet was supposed in rooms that need fresh air inlet, 

while in rooms were air should only be extracted like bathrooms, storage rooms, 

laundry room and kitchen, no air supply was introduced.  Those leaks simulate valves 

that are placed on top of the windows to naturally supply air into the house. Those 

valves have three ventilation position options: opened, half-opened and closed. In the 

simulations, the valves were supposed to be opened. This way, the ventilation of the 

house only requires one fan to run the return ventilation system. 

Although the HVAC system of this dwelling has an air heat pump, this device cannot 

be modelled with standard components in IDA-ICE. Due to this difficulty, a hand 

calculation model was designed to assess the use of electricity that a heat pump would 

have, based on the heating requirement. This heating requirement was obtained 

simulating an ideal boiler on IDA ICE. The simulated standard energy plant consists 

on a boiler with the efficiency of 100 %. The aim of the boiler is to obtain the energy 

demand values of space and domestic water heating and the temperature values of the 

exhaust air, that is why the efficiency is 100 %.  
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The HVAC system of the dwelling consists on an exhaust ventilation system with an 

extract air heat pump to cover the space and domestic water heating. The use of 

electricity also involves an electric coil in the heat pump unit, which is required to 

operate when the heat supplied from the heat pump alone does not fulfill the heating 

requirement. There are hydronic radiators to warm up the rooms, where the comfort 

temperature was set between 21 and 25 ºC.  

Once the energy demand for the heating was calculated, the energy recovered was 

calculated. Using the temperature values of the exhaust air from the results of the 

simulations, the potential heat recovery of the exhaust air that would be able to 

extract if a heat pump was installed was calculated. Using a COP value of 4.2 for the 

heat pump when the heat is extracted at 20 ºC from the air and supplied at 35 ºC in 

warm water, taken from information about heat pumps of NIBE company [27], the 

output energy that the heat pump would be able to deliver was calculated, using the 

equation 5 below: 

𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃 = 𝐹 · 𝜌 · 𝑐𝑝 · (𝑇𝑒𝑥ℎ𝑎𝑢𝑠𝑡 − 𝑇𝑐ℎ𝑖𝑙𝑙)        (5) 

 

where: 

𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑𝐻𝑃: Potential power of the exhaust air (W). 

𝐹: Ventilation flow. The minimum air flow was used, based on the SVEBY 
[28] document: 0.35 L·m-2·s-1. 

𝜌: Density of the air at a temperature of 20ºC: 1.2 kg/m3. 

𝑐𝑝: Specific heat value of air at 20ºC: 1002 J/(kg·K). 

𝑇𝑒𝑥ℎ𝑎𝑢𝑠𝑡: Mean value of the temperature inside (ºC). 

𝑇𝑐ℎ𝑖𝑙𝑙: This temperature was set in 5ºC to obtain the biggest amount of 
energy possible avoiding ice formation in the heat pump. This is the releasing 
temperature of the exhaust air. 

The use of the exhaust air heat pump rises the power of the recovery heat, because of 

the electricity input for the compressor [5]. 

𝑃𝐻𝑃_𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃 · (1 +
1

𝐶𝑂𝑃−1
)             (6) 

where: 

𝑃𝐻𝑃_𝑜𝑢𝑡𝑝𝑢𝑡 : Output power of the heat pump (W).  
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The formulas above calculate the instant power values. Those values were converted 

to energy values, to calculate the energy saving potential that the heat pump would 

have per month, all over the year.  

The energy that the heat pump would deliver was aimed to fulfil the domestic hot 

water and space heating. When the energy obtained from the heat pump is not enough 

to cover the demand of both hot water and space heating, it normally covers the hot 

water demand before warming up the space. If the heat that remains for the space 

heating after warming up the domestic water is not enough to cover the demand, an 

electric coil is used to complement the space heating.  

The energy recovered from the heat pump was enough to fulfil the demand of the 

domestic hot water heating, as it is shown below in Table 3. Taking into account the 

previous statement the energy that remains for the space heating was calculated based 

on the equation below [29]. 

𝐸𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 = (1 −
1

𝜂
) · (𝐸𝑆𝐻 + 𝐸𝐷𝐻𝑊) +

𝑇𝑐𝑜𝑙𝑑−Δ𝑇𝑒𝑣𝑎𝑝

𝜂
· (

𝐸𝑆𝐻

𝑇𝑆𝐻+Δ𝑇𝑐𝑜𝑛𝑑
+

𝐸𝐷𝐻𝑊

𝑇𝐷𝐻𝑊+Δ𝑇𝑐𝑜𝑛𝑑
)    (7) 

where: 

𝐸𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑: Output energy of the heat pump (kWh). 

𝜂 : Efficiency of a true process, relates to the Carnot process (-). 

𝐸𝑆𝐻 and 𝐸𝐷𝐻𝑊 : Space and domestic hot water heating requirements (kWh). 

𝑇𝑐𝑜𝑙𝑑 : Temperature of the exhaust air (K). 

Δ𝑇𝑒𝑣𝑎𝑝 and Δ𝑇𝑐𝑜𝑛𝑑 : Temperature differences between the refrigerant and 

the exhaust air, and the evaporator and condenser, respectively (K). Based 

on the report, Δ𝑇𝑒𝑣𝑎𝑝=4 K and Δ𝑇𝑐𝑜𝑛𝑑=1 K [29]. 

𝑇𝑆𝐻 and 𝑇𝐷𝐻𝑊 : Supply temperatures of the space and domestic hot water 

heating (K). It was assumed 𝑇𝑆𝐻= 308 K and 𝑇𝐷𝐻𝑊=333 K. 

Lastly, the total amount of energy needed to run the heat pump model was calculated. 

It was calculated using the formula of the energy balance in the heat pump, knowing 

that the output of the heat pump is the extracted energy calculated before 

(𝐸𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑), and the sum of the energy demand for the domestic hot water (𝐸𝐷𝐻𝑊) 

and the energy for the space heating that the heat pump was able to cover (𝐸𝑆𝐻). 

𝐸𝑐𝑜𝑚𝑝𝑟 = 𝐸𝐷𝐻𝑊 + 𝐸𝑆𝐻 − 𝐸𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑         (8) 

All the calculations explained above are shown in the Appendix C. 
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Some information was needed to begin with the calculations, so in the next lines all 

the estimations for obtaining everything needed is explained. The Carnotic 

coefficients of performance (COP) of the space and hot water heating were calculated 

in order to obtain the efficiency for the real process of heating for the equation 7. 

Those Carnotic COP values were obtained using the following formula: 

𝐶𝑂𝑃𝑐𝑎𝑟𝑛𝑜𝑡 = 
𝑇ℎ𝑜𝑡

𝑇ℎ𝑜𝑡−𝑇𝑐𝑜𝑙𝑑
       (9) 

Taking the highest obtained Carnotic COP, the efficiency of the heating process was 

obtained: 

𝜂 =
𝐶𝑂𝑃𝑟𝑒𝑎𝑙

𝐶𝑂𝑃𝑐𝑎𝑟𝑛𝑜𝑡
         (10) 

where: 

𝐶𝑂𝑃𝑐𝑎𝑟𝑛𝑜𝑡: Ideal COP of the process (-). 

𝜂 : Efficiency of a true process, relates to the Carnot process (-). 

𝑇ℎ𝑜𝑡 and 𝑇𝑐𝑜𝑙𝑑 : Maximum and minimum temperatures of the space and 

domestic hot water heating (K). 

𝐶𝑂𝑃𝑟𝑒𝑎𝑙: Real COP obtained from the NIBE heat pump company [27] (-). 

The data for the ventilation flow of the house was obtained from the Swedish building 

regulations’ document: the minimum value of the ventilation flow was introduced 

0.35 L·m-2·s-1 [28]. However, the air does not enter to the dwelling from all the 

rooms, so the total flow for the calculations was supposed using the area of the room 

that have air inlet. Finally, the density and specific heat value for the air were 

calculated at 20ºC. 

Table 1 shows all the information needed for the calculations have been gathered: 

Table 1. Several data for the calculations. 

 

 

 

 

 

 

COPcarnotDHW 8.62 - 

COPcarnotSH 9.75 - 

COPHP 35 °C/20 °C 4.2 - 

Efficiency(η) 0.43 - 

Flow 32.47 L/s 

Density (ρ) 1.2 kg/m3 

Specific heat value (cP) 1006 J/(kg·K) 
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3.3 Equipment, lighting and occupancy of the dwelling 

Data of the occupancy, equipment and lighting of the dwelling were taken from the 

Swedish building regulation files: SVEBY document [28]. However, some 

assumptions were made because the distribution of the equipment of the house is not 

detailed. Using the Table 12 from Appendix D, obtained from the SVEBY document, it 

was supposed which device of the equipment was in each room of the house. The 

energy regarding lighting was calculated by supposing it is the 20 % of the household 

energy consumption [28]. It was decided that the occupancy of the people is 3, 

assuming the third bedroom is a guest room. Supposing the time that people would 

spend in each room of the house and the using time of the equipment and lighting, the 

information from the Table 2 below was introduced on IDA ICE. 
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Table 2. Data of the occupation, equipment and lighting of the house. 

   SCHEDULE 

Kitchen:  
Fridge, freezer, 
stove and dish 

washer 

Occupancy 1 person 
Weekdays: 7.30-8.30 and 17.00-21.00                      

Weekends: 9.30-13.00 and 18.00-00.00 Equipment 1836 kWh 

Lighting 367.2 kWh 

Living room: 
others 

Occupancy 1 person 
Weekdays: 7.30-8.30 and 17.00-21.00                      

Weekends: 9.30-13.00 and 18.00-00.00 Equipment 44.63 kWh 

Lighting 8.93 kWh 

Family room: 
TV, stereo, 

others 

Occupancy 1 person 
Weekdays: 7.30-8.30 and 17.00-21.00                      

Weekends: 9.30-13.00 and 18.00-00.00 Equipment 401.63 kWh 

Lighting 80.33 kWh 

Bedroom 1:       
Two computer 

with accessories, 
others 

Occupancy 2 people 
Weekdays: 22.00-7.00                                           

Weekends: 00.00 - 9.00 

Equipment 962.63 kWh Weekdays: 21.00-22.00                                           
Weekends: 23.00 -00.00 Lighting 192.53 kWh 

Bedroom 2:     
One computer 

with accessories, 
others 

Occupancy 1 person 
Weekdays: 22.00-7.00                                           

Weekends: 00.00 - 9.00 

Equipment 503.63 kWh Weekdays: 21.00-22.00                                           
Weekends: 23.00 -00.00 Lighting 100.73 kWh 

Bathroom 1: 
Others 

Occupancy 2 people Weekdays:  7.00-7.30, 18.00-18.30 and 21.00-
21.30     Weekends: 9.00-9.30, 18.00-18.30 and 

21.00-21.30 
Equipment 44.63 kWh 

Lighting 8.93 kWh 

Bathroom 2: 
Others 

Occupancy 1 person Weekdays:  7.00-7.30, 18.00-18.30 and 21.00-
21.30      Weekends: 9.00-9.30, 18.00-18.30 and 

21.00-21.30 
Equipment 44.63 kWh 

Lighting 8.93 kWh 

Laundry 
room: Washing 

and drying 
machine, others 

Occupancy 1 person 

Sundays: 11.00-12.30 Equipment 350.63 kWh 

Lighting 70.13 kWh 

Closets 

Occupancy 1 people 
Weekdays:  8.30-9.00 and 18.00-18.30                   

Weekends: 13.00-13.30 and 20.30-21.00 Equipment - 

Lighting 8.93 kWh 

Entrance 

Occupancy 1 person 
Weekdays:  8.30-9.00 and 18.00-18.30                   

Weekends: 13.00-13.30 and 20.30-21.00 Equipment - 

Lighting 8.93 kWh 
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The occupation in the kitchen, living room and family room was set in 1 person per 

room. Those rooms were thought to be used together, so the whole time of use of 

the areas, the number of people that would be living in the house will be 3, which fits 

the number of habitants of the dwelling. The use of these areas was supposed to be 

breakfast time, dinner time, every afternoon during the week and lunch time at 

weekends. 

The occupancy of the bedrooms was set depending the size of the bed: 2 people on 

the double bedroom and 1 person in the single one. The bedrooms were decided to 

be used the whole night time, 8h of sleep per day. However, the use of the lighting 

and electric equipment in the bedrooms was set one hour before going to sleep every 

day, because the energy use of them is zero during sleep hours.  

The use of the bathroom also depends on the people that sleep next to each bathroom: 

2 people in bathroom 1 and 1 person in bathroom 2. The use of the bathrooms, as 

well as the use of the equipment and lighting was set 30 minutes every morning,         

30 minutes every afternoon and another 30 minutes every night.  

The laundry room was decided to be used by 1 person, every Sunday for 1 and a half 

hours. The use of the equipment and lighting is the same as the occupancy use.  

The occupancy of every room does not fit the number of people that are living in the 

house, because some areas like closets and are not use as much as other areas like the 

kitchen. As the shortest time period that can be set on IDA ICE is 30 minutes, in order 

to have the most realistic values, less people were introduced as occupants to get the 

same effect as more people in a shorter period of time. For example, the occupancy 

of both of the closets and the entrance was set in 1 people, but it was also decided to 

use those areas 30 minutes every morning and afternoon, for the occupancy, lighting 

and equipment. As there is not any energy use regarding equipment in the entrance 

and closets, the lighting was supposed to be the same as the bathrooms, because of the 

size similarity in size of the areas. 

Regarding the energy for the lighting and electric equipment for each room, some 

assumptions were made. The Table 12 (see Appendix D) was used for the calculations, 

and the other and not measured energy sections were equally divided into all the rooms 

that have electricity use. This way, the electricity use of equipment and lighting of all 

the rooms was calculated. Taking into account that the average total electricity use in 

a regular house is 5100 kWh/year [28] and in the case to be studied the sum of the 

electricity use is 5154 kWh/year, all the assumptions done in the table above can be 

considered appropriate to be introduced in IDA ICE. 

Different simulations were performed for different scenarios. For each scenario, an 

energy analysis was done in order to know the total energy demand of the house under 

the conditions of each simulation.  
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4 Results 

In this sections the result of the simulations and calculations mentioned above are 

presented in different cases.  

4.1 BASE CASE. Dwelling without greenhouse. 

This simulation was carried out to know the energy demand of the house without any 

glass structure. After building a model of the house in the layouts of Appendix A, this 

first case was simulated. The aim of this first case is to have a base model to compare 

the case with the greenhouse, in order to know the improvements that the dwelling 

has regarding energy demand. In Figure 4, the layout of the house without the dwelling 

is shown. 

 

 In Table 3, the results obtained for this base model are shown: 

 

 

 

 

 

 

 

Figure 4. Layout of the house without greenhouse. 
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Table 3. Energy for the domestic hot water, space heating, electric coil, compressor and total heat pump 
demand, in kWh, for the case 0. 

 EDHW ESH EELEC.COIL ECOMPRESSOR ETOTAL 

January 353.20 2652.00 2236.64 169.15 2431.70 

February 319.00 2219.00 1843.48 152.78 2019.66 

March 353.20 1845.00 1424.29 169.14 1619.34 

April 341.80 991.00 567.67 163.58 756.35 

May 353.20 359.10 0.00 168.38 194.28 

June 341.80 116.00 0.00 159.48 184.58 

July 353.20 12.10 0.00 158.59 184.49 

August 353.20 18.20 0.00 162.56 188.46 

September 341.80 290.50 0.00 162.64 187.74 

October 353.20 930.80 497.54 169.07 692.51 

November 341.80 1691.00 1283.12 163.69 1471.91 

December 353.20 2217.00 1798.97 169.15 1994.02 

TOTAL 4159 13342 9652 1968 11925 

 

EDHW refers to the energy demand for the domestic hot water demand, ESH refers to 

the space heating energy demand, EELEC.COIL shows the energy demand of the electric 

coil, ECOMPRESSOR is the electricity required for he compressor and ETOTAL is the final 

electricity demand delivered of the house. This last value takes into account the 

energy demand of the compressor to run the heat pump, the energy demand of the 

heating coil and the energy demand of the fan of the air extraction of the ventilation. 

The energy demand regarding space heating in winter increases significantly 

comparing to summer, which also increases the use of the electric coil, which also 

increases the total electricity demand. The electric coil is not used during May and 

September, because the energy obtained from the heat pump is enough to cover the 

demand during those months. The domestic hot water demand remains almost 

constant every month, as well as the energy demand of the compressor. 

The total yearly energy need for space heating and domestic hot water are 13342 kWh 

and 4159 kWh, respectively, while the final electricity demand of the house is      

11925 kWh, taking into account the compressor for the exhaust air heat pump, the 

electric coil and the fan for the exhaust ventilation. 
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4.2 CASE 1. Dwelling with the greenhouse. 

The base case was used in this case, but a greenhouse was attached to the house besides 

the south façade which is the one facing the back part of the house. The width of the 

greenhouse is introduced 7.5 m, in order to have enough space in the greenhouse to 

make a vegetable garden, or a chilling area for the family. The layout of the building 

with the greenhouse can be seen in the Figure 5 and the 3D image of the house is shown 

in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Layout of the house with the greenhouse 

 

 

GREENHOUSE 
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When introducing the greenhouse in IDA ICE, some data were also introduced: 

- The glass of the windows of the greenhouse are single glazed. 
- Equipment and lighting are zero.  
- No heating or cooling device were installed in the greenhouse.  
- No ventilation system was added because it is supposed to be manually 

ventilated opening windows. However, this ventilation cannot be simulated 
on IDA ICE. This means, that the energy reduction obtained would be lower 
if this ventilation system was simulated. 

In the Table 4, the results obtained are shown: 

 

Table 4. Energy for the domestic hot water, space heating, electric coil, compressor and heat pump electricity 
demand, in kWh, for the case 1. 

 EDHW ESH EELEC.COIL ECOMPRESSOR ETOTAL 

January 353.20 2481.00 2065.26 169.15 2260.31 

February 319.00 2045.00 1668.79 152.78 1844.97 

March 353.20 1560.00 1135.86 169.13 1330.89 

April 341.80 666.40 223.37 163.27 411.75 

May 353.20 123.30 0.00 165.98 191.88 

June 341.80 24.60 0.00 152.80 177.90 

July 353.20 0.10 0.00 146.62 172.52 

August 353.20 2.40 0.00 155.45 181.35 

September 341.80 141.70 0.00 161.28 186.38 

October 353.20 800.50 365.72 169.06 560.68 

November 341.80 1582.00 1174.12 163.69 1362.91 

December 353.20 2075.00 1656.97 169.15 1852.02 

TOTAL 4159 11502 8290 1938 10534 

Figure 6. 3D image of the house with the greenhouse. 
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In this case, the space and domestic hot water need are 11502 kWh and 4159 kWh, 
respectively; while the final electricity demand is 10534 kWh.  

In this case, the electric coil is not used from May to September, because the output 
energy of the heat pump is enough to cover the demand. This way, the final electricity 
demand during those months is lower than in any other month. 

The domestic hot water demand remains the same, and the energy demand of the 
compressor remains almost the same as in the case 0. 

4.3 CASE 2. Change of the orientation of the greenhouse. 

In this case, the orientation of the whole building and greenhouse structure was 

changed in order to compare the energy demand results in different orientations. The 

greenhouse was facing the south in BASE CASE and CASE 1 and the information 

obtained previously in those cases was used for the south facing simulation in this case. 

The orientation of the whole house was changed in every simulation, so the back yard 

is always covered by the greenhouse but facing different orientations. 

In Table 5, the total energy demand delivered to the heat pump per month is shown. 

This value takes into account the compressor energy that runs the heat pump, the 

electric coil demand and the fan energy for the exhaust ventilation. 

 

Table 5. Energy demand of the final electricity, in kWh, for different orientations 

 ETOTAL 

 SOUTH EAST WEST NORTH 

January 2260.31 2353.93 2366.93 2316.64 

February 1844.97 1930.62 1945.62 1912.16 

March 1330.89 1403.89 1426.89 1455.92 

April 411.75 445.83 462.16 534.32 

May 191.88 190.75 190.63 192.51 

June 177.90 174.94 175.10 178.81 

July 172.52 167.91 168.47 174.28 

August 181.35 179.81 180.23 182.81 

September 186.38 186.85 186.85 186.86 

October 560.68 652.66 670.26 667.84 

November 1362.91 1454.91 1471.91 1422.09 

December 1852.02 1946.64 1954.64 1908.34 

TOTAL 10534 11089 11200 11133 

Increase - 5% 6% 6% 
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The final electricity demand is the lowest when the greenhouse is facing south, and it 

is the highest when it is facing west. Besides, the final electricity demand also increases        

5 %, 6 % and 6 % when the greenhouse is facing east, west and north, respectively, 

comparing to when it faces south.  

However, having a look to the monthly demand, from March to October, the 

electricity demand is the highest with the greenhouse facing north. The orientations 

facing east and west have the lowest monthly demands in summer. Although the 

greenhouse facing west has the highest total energy demand, in the monthly 

distribution is not the orientation with the highest electricity demands. 

In Table 6, the energy demands for the space heating of the house are shown, for each 

orientation. 

Table 6. Energy need for the space heating of the dwelling, in kWh, for different orientations. 

 ESPACE HEATING 

 SOUTH EAST WEST NORTH 

January 2481.00 2575.00 2588.00 2540.00 

February 2045.00 2131.00 2146.00 2116.00 

March 1560.00 1633.00 1656.00 1690.00 

April 666.40 699.00 715.70 784.90 

May 123.30 95.80 103.20 155.80 

June 24.60 15.00 19.90 27.30 

July 0.10 0.00 0.00 0.70 

August 2.40 2.00 4.00 6.50 

September 141.70 171.30 198.60 243.10 

October 800.50 892.10 909.70 918.00 

November 1582.00 1674.00 1691.00 1646.00 

December 2075.00 2170.00 2178.00 2134.00 

TOTAL 11502 12058 12210 12262 

Increase - 5% 6% 7% 

 

Overall, the need for the space heating to warm up the rooms of the dwelling is the 

lowest when the greenhouse is facing the south, with a value of 11502 kWh. The 

dwelling with the greenhouse facing the north has the highest space heating value 

demand, which is 12262 kWh.  

However, in the simulation with the greenhouse facing the south, summer months 

and May have not the lowest demand comparing to the other orientations. In those 

months, east orientation has the lowest demand. In July, there is no need for space 

heating in east and west orientations, although all the orientations have a low demand 

nearly zero in this month.  
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Although the north orientation has the highest total energy demand for space heating, 

in winter months the highest demand is when the greenhouse is facing west. 

As the simulation where the greenhouse is facing the south has the lowest electric coil 

and heating demand, the increase of the energy demand for each orientation was 

calculated based on that orientation: When the greenhouse is facing east, west and 

north the electric coil demand increases 5 %, 6 % and 7 %, respectively. 

In Table 7 the usage of the electric coil is shown. This electric coil, as previously said, 

is used when the heat pump is not enough to cover both the space and domestic hot 

water heating demand, and this electric coil is used to cover the space heating. 

Table 7. Energy demand of the electric coil, in kWh, for different orientations.  

 EELECTRIC COIL 

 SOUTH EAST WEST NORTH 

January 2065.26 2158.88 2171.88 2121.58 

February 1668.79 1754.44 1769.44 1735.99 

March 1135.86 1208.86 1231.86 1260.91 

April 223.37 257.43 273.76 345.87 

May 0.00 0.00 0.00 0.00 

June 0.00 0.00 0.00 0.00 

July 0.00 0.00 0.00 0.00 

August 0.00 0.00 0.00 0.00 

September 0.00 0.00 0.00 0.00 

October 365.72 457.70 475.30 473.00 

November 1174.12 1266.12 1283.12 1233.33 

December 1656.97 1751.58 1759.58 1713.29 

TOTAL 8290 8855 8965 8884 

Increase - 7 % 8 % 7 % 

 

The results above show that the electric coil is not used in either of the cases from 

May to August. However, the need of the electric coil is the lowest when the 

greenhouse is facing the south, with a total electric coil demand of 8290 kWh. The 

highest energy demand of the electric coil is when the greenhouse is facing west:   

8965 kWh. 

On the other hand, the need for the electric coil is the highest when the greenhouse 

is facing west or north, depending on the month. In winter months, the need for an 

electric coil is higher with a greenhouse facing the west.  

When the greenhouse is facing east, west and north the electric coil demand increases 

7 %, 8 % and 7 %, respectively comparing to the simulation facing the south. 
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4.4 CASE 3. Heaters in the greenhouse. 

The greenhouse is supposed to be a common area where the people who live in there 

can grow their vegetables and fruits as well as relax and enjoy some quality time 

relaxing. Although the gardening season is limited from April to September because 

of the temperatures outside as it can be seen in Appendix E, the greenhouse could be 

used all over the year if a heater was placed to warm up the environment to have a 

proper comfort temperature.  

From October to March, the temperatures inside the greenhouse during the day are 

too cold to stay in the greenhouse (see Appendix E). In order to solve this problem, the 

calculations of having a heater in the greenhouse, for 5 h/day from October to March 

were done. This 5 h/day value was decided as average use of the greenhouse per day, 

which could be higher or lower depending on the day. An outdoor heater of 900 W 

was chosen for the calculations, a power value that is average after comparing different 

heater power demands in market [30].  

The energy consumption of the heater was calculated, for the months it would be 

working, taking into account the working hours of the heater. Finally, the final 

electricity demand for the whole year was re calculated, so as to know the effect of 

the heaters on the total demand. 

Table 8 shows how the installation of the heaters affect the energy demand: 

Table 5. Energy demand before and after installing the heaters, in kWh. 

 
Energy demand 

before heater 

Energy 
demand after 

heater 

January 2260.31 2399.81 

February 1844.97 1970.97 

March 1330.89 1470.39 

April 411.75 411.75 

May 191.88 191.88 

June 177.90 177.90 

July 172.52 172.52 

August 181.35 181.35 

September 186.38 186.38 

October 560.68 700.18 

November 1362.91 1497.91 

December 1852.02 1991.52 

TOTAL 
10534 11353 

 8% 
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The increase of energy demand can be seen from January to March and from October 

to December. The total energy demand increased 8 %.  

All the results of the calculation for each case are gathered in Appendix E and         

Appendix G. 

4.5 Economic and CO2 analysis. 

An approximation of the economic calculation of the savings was done based on the 

Swedish energy market [31]. The total price of the electricity (including tariffs and 

distributions) is 1.4 SEK/kWh. The total economic savings would be: 

1391
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
· 1.4

𝑆𝐸𝐾

𝑘𝑊ℎ
 = 1947.4

𝑆𝐸𝐾

𝑦𝑒𝑎𝑟
 

Besides, taking into account the CO2 emissions of the Swedish produced electricity 

[32], the decrease of this greenhouse gas could be obtained: 

1391
𝑘𝑊ℎ

𝑦𝑒𝑎𝑟
· 13

𝑔 𝐶𝑂2
𝑘𝑊ℎ

 =  18083 
𝑔 𝐶𝑂2
𝑦𝑒𝑎𝑟

 

The results do not show big economic savings for this project. However, the 

reduction of the CO2 emissions shows a reduction of 18 kg of CO2 per year. 
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5 Discussion 

In this section, the effects of the changes done in the simulations that affect the energy 

demand of the dwelling will be discussed. 

5.1 Effects of the greenhouse 

The greenhouse changes the energy balance of the house by using the heat that is 

generated inside to warm up the building and reducing the energy demand with the 

heat generated inside.  

Table 6. Comparison of the results of the house with and without the greenhouse, energy demands in kWh and 
the energy demand decreases in %. 

 Without With 

ESPACE HEATING 

13342 11502 

 14% 

EELECTRIC COIL 

9652 8290 

 14% 

ETOTAL  

11925 10534 

 12% 

 

The results obtained show a decrease of 14 % in the space heating demand and in the 

energy of the electric coil demand, and a decrease of 12 % on the final electricity 

demand for the heating in the house by implementing the greenhouse. The reason of 

the decrease in the heating load is that as the greenhouse was built attached to the 

south façade of the house, the transmission losses of that façade decreased. Moreover, 

the leaks that act like valves on the top of the windows that face the greenhouse leak 

air that was warmed in the greenhouse. This inlet of warm air decreases the heating 

demand of those room.  

Nevertheless, the air supply method described above is not allowed regarding Swedish 

regulations, because the air quality of the greenhouse is not good enough to be the 

supply air. The inlet air must be outdoor air to ensure the fresh supply of the air. In 

the Future work section of this project, an alternative to this problem is presented. 

Apart from the energy comparisons, the social advantages need to be taken into 

account in this case. Having a greenhouse means that the family living there would be 

able to grow their own vegetables and fruits, not only in summer time, but having a 

look to the temperatures in the greenhouse in Appendix E, the gardening season would 

last the whole year. 
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The family living in the house would have the opportunity to grow plants. The average 

temperatures are around 20 ºC in the greenhouse from April to September, during 

day and night. When the temperatures rise above 30ºC, some openings in the 

greenhouse should be opened, and this happens in midday hours in some days.  

Besides, the greenhouse may become another common area for chilling, having lunch 

or dinners or just relaxing at home. The advantages of these last suggestions for the 

greenhouse cannot be measured in numbers, however contributes to the wellbeing of 

the habitants in the house, as well as increasing the time that the people in the house 

would be able to stay outside, specially here, in Sweden. 

5.2 Effects of the orientation 

It has been proved that when the greenhouse of the house is facing the south need less 

energy than when it is facing the north.  

When the greenhouse is facing the south in summer, more heat is generated inside 

the greenhouse, but at the same time, the main house building is facing the north. The 

main building in not heated as much as the greenhouse, so the need for the heating in 

the house is bigger in summer when the greenhouse is facing south than in the other 

cases. As the need for the heating of the rooms in the dwelling is lower facing the 

south, the need for the electric coil is also the lowest in this orientation, as well as the 

total energy demand it would have with the exhaust air heat pump. 

5.3 Effects of the heater 

As the heater was supposed to be working 5 h/day and the power value of the heater 

is 900 W, the increase of the energy use for the heating demand per day is only           

4.5 kWh. This heater increases the total heating amount of the year is 8 % which is 

less comparing to the energy reduction that was obtained with the implementation of 

the greenhouse. 

However, during October not all the temperatures are too cold to turn on the heater 

every day. This means that the heating demand regarding calculations made for every 

day should be lower, taking into account the temperatures of Appendix E. This also 

means that the total energy demand decrease would less than the results obtained. 

Besides the low energy use of the heater and the low increase of the total heating load, 

this change on the house also implies more quality time to spend with the family and 

another common area that the family can enjoy all over the year. These are advantages 

that cannot be measured by numbers, but make difference when people want to buy 

a house. 



29 
 

6 Conclusions 

An energy demand decrease of 12 % in the final electricity demand for the house is a 

considerable decrease in this case study, as well as the use of the electric coil, that 

would be reduced 12 %.  

Although energy was saved, economically the saving energy will not compensate the 

building of the glass structure. However, as it was previously said, there are 

advantages such as growing own plants and the greenhouse as another common area 

for the house that cannot be economically measured.  

The change of orientation does not make any big difference regarding the total heating 

energy demand. However, it has been proved that orientation towards the south 

decreases the need of the total heating comparing to any other orientations. 

The implementation of the heater does not increase the energy use as much as the 

decrease of the energy already obtained with the greenhouse. That is why is the 

installation of the heater is a nice idea regarding energy and the fact that the 

greenhouse could be used the whole year as a common area for the habitants of the 

house. 

Overall, the implementation of the greenhouse implies some energetic savings in the 

house, but it is not economically feasible due to the low economic savings achieved. 

However, besides those savings, the family living in the house would be able to grow 

their own vegetables from April to September as well as being able to use the 

greenhouse all over the year. This, improves the wellbeing of the family living in the 

house, helping them make another step towards sustainability.  

6.1 Future work 

In the simulation with the greenhouse, air from the greenhouse comes inside the 

dwelling warmed up, but as it was previously said, this is not allowed by the Swedish 

building regulations. Instead of supplying the air from the greenhouse, outlet air could 

be provided from pipes that take fresh air from the outside and warm it up in the 

greenhouse while the air is carried inside the dwelling. 

Further analysis could be done in this project, calculating the economic feasibility of 

the greenhouse, taking into account both the energy improvements and the social 

advantages it has. Although it might be difficult to compare energy advantages and 

social advantages, the results obtained may be interesting. Besides, adding the heaters 

of the last case study might increase the social advantages as the use of the greenhouse 

increases as well, making these economic analysis more interesting. 
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Appendix A. Construction of the house 

In this appendix all the drawings that describe the construction of the house are 

presented. All the drawings and information provided by Fiskarhedenvillan house 

construction company are shown in this order:  

1) Layout of the house. 

2) Outside drawing of the walls of house with the location of the windows. 

3) External wall, inside floor and roof construction of the house. 

4) Foundation of the house. 

5) Characteristics of the windows. 

The construction of the internal walls is shown in this appendix, and finally, a table 

with the U-values of the different surfaces of the house is also presented. 
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Data about the ground supplied by Fiskarhedenvillan house construction company. 



 

A2 

The windows  

Elitfonster window company makes the windows that Fiskarhedenvillan construction 

company uses. The windows used in the house are triple glazed windows with the 

characteristics shown in the table below: 

Table 7. Characteristics of the windows of the house. 

Handle Jump London 

U-Value standard 1.2 

U-Value option Down to 0.9 (0.8 Energy) 

Sound reduction 

value standard 

Rw 34 dB 

Audio reduction 

value option 

Up to Rw 45 dB / Rw + Ctr 40 dB 

Hang Fittings Turn Fittings 

Lock Nickel-free galvanized steel in galvanized steel. 

Locking rods in hardened steel. 

Storm Reinforced Yes (StormTite ™ is an extra seal strip located in 

the gap between frame and arch as a seal against 

wind and moisture.) 

Guarantee against 

rotting 

10 years 

Performance 

Guarantee 

10 years according to the scope of warranty 

documents 

Glass Warranty 10 years against condensation between glass in 

the insulation box 

Product Name AFHO 

 

Source: Elitfonster web page [33]. 
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The U-values of the different surfaces of the house are gathered in the table below: 

 

Table 8. U-values of the walls, roof, ceiling, ground and windows.  

 Material 
Thickness 

(mm) 

Heat 

conductivity                    

(W/(m⋅K)) 

U-value          

(W/(m2·K)) 

External 

walls 

Wood 22 0.14 

0.1513 

Air gap 40 0.25 

Gypsum 9 0.22 

Insulation (wool with 

wood studs) 
260 0.044 

Air gap 28 0.25 

Gypsum 13 0.22 

Internal 

walls 

Gypsum 13 0.22 

1.497 
Insulation (wool with 

wood studs) 
95 0.044 

Gypsum 13 0.22 

Ceiling 

Insulation (wool with 

wood studs) 
500 0.036 

0.07027 Air gap (wood board 

between cavities) 
28 0.25 

Gypsum 13 0.22 

Roof 

Roof tiles 20 0.58 

2.678 Concrete 20 1.7 

Wood 22 0.14 

Ground 

Concrete 100 1.7 

0.1116 Polystyren 300 0.036 

Sand and gravel 150 0.33 

Windows Triple glazed - - 1.2 
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Appendix B. Thermal bridge calculations. 

In this appendix, the calculations to obtain the transmission losses regarding thermal 

bridges are shown. The area of different zones that form the envelope of the house 

were calculated. With the data of all the different zones of the house that consist on 

the envelope and the U-value of those areas of the envelope, the total heat 

transmission was calculated. The heat loss related to thermal bridges was supposed to 

be the 20 % of the total heat transmission. 

Envelope area and the floor area were obtained from the building information part of 

the results documents of the simulation: 

𝐴𝑒𝑛𝑣𝑒𝑙𝑜𝑝𝑒 = 490.8 𝑚
2  𝑎𝑛𝑑  𝐴𝑓𝑙𝑜𝑜𝑟 = 156.9 𝑚

2  

The area of the roof that covers the dwelling, not the greenhouse, was calculated 

based on the geometrics of the roof: 

 

 

 

 

 

𝑑2 = 1.422 + 8.052     →     𝑑 = 8.17 𝑚    →    𝐴𝑟𝑜𝑜𝑓 = 2 · 8.17 · 9.3 = 151.96 𝑚
2   

Area of the windows of the house was obtained from the results files of IDA ICE: 

𝐴𝑤𝑖𝑛𝑑𝑜𝑤𝑠 = 15.21 𝑚
2 

The area of the walls was obtained using all the areas above: 

𝐴𝑤𝑎𝑙𝑙𝑠 = 𝐴𝑒𝑛𝑣𝑒𝑙𝑜𝑝𝑒 − 𝐴𝑓𝑙𝑜𝑜𝑟 − 𝐴𝑟𝑜𝑜𝑓 − 𝐴𝑤𝑖𝑛𝑑𝑜𝑤𝑠 = 166.73 𝑚
2  

The U-values of all the areas defined above, were obtained from the simulation 

models, because IDA ICE makes the calculation of them when introducing the data of 

all the envelope: 

Surface U-Value (W·m-2·K-1) 

Roof 2.678 

Floor 0.1109 

Walls 0.1513 

Windows 1.2 

d 

1.42 m 

8.05 m 
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As it has been said, the heat losses regarding thermal bridges is the sum of all the areas 

and U-values of the envelope: 

∑𝑈 · 𝐴 = 467.83 
𝑊

𝐾
     → 𝐿𝑜𝑠𝑠𝑒𝑠𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑏𝑟𝑖𝑑𝑔𝑒𝑠 = 0.2 · 467.83 = 93.57

𝑊

𝐾
  

 

Taking into account the value that needs to be introduced on IDA ICE, the losses were 

divided by the envelope area: 

𝐿𝑜𝑠𝑠𝑒𝑠𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑏𝑟𝑖𝑑𝑔𝑒𝑠 =
93.57

490.8
= 0.18 

𝑊

𝐾 ·  𝑚2 𝑒𝑛𝑣𝑒𝑙𝑜𝑝𝑒
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Appendix C. Heat pump calculations. 

This appendix explains all the calculations done to obtain the energy demand that the 

house would have if an exhaust heat pump was installed in it. Starting from the 

calculation of the energy obtained from the heat pump, all the necessary calculations 

are done to obtain the energy needed for the electric coil that covers the top heating 

when the heat extracted from the heat pump is not enough. Finally, the monthly 

energy demand of the house for the whole year is calculated. 

The heat recovered with an exhaust air heat pump from the exhaust ventilation flow 

was calculated with the following equation: 

𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃 = 𝐹 · 𝜌 · 𝑐𝑝 · (𝑇𝑒𝑥ℎ𝑎𝑢𝑠𝑡 − 𝑇𝑐ℎ𝑖𝑙𝑙) 

where: 

𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑𝐻𝑃: Power of the exhaust air (W) 

𝐹: Ventilation flow. The minimum air flow was used, based on the Swedish 

building regulations: 0.35 L·m-2·s-1 [28]. 

𝜌: Density of the air at a temperature of 20ºC: 1.2 kg/m3. 

𝑐𝑝: Specific heat value of air at 20ºC: 1002 J/(kg·K) 

𝑇𝑒𝑥ℎ𝑎𝑢𝑠𝑡: Mean value of the temperature inside (ºC) 

𝑇𝑐ℎ𝑖𝑙𝑙: This temperature was set in 5ºC to obtain the biggest amount of energy possible 

avoiding ice formation in the heat pump. This is the releasing temperature of the exhaust air. 

The use of the exhaust air heat pump raises the temperature of the recovered heat, 

because the heat pump has a COP value of 4.2 [27]. The formula used for the increase, 

is an energy balance of the heat pump, where the sum of the recovered power and the 

compressor that runs the heat pump is the total output of the heat pump: 

𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃 + 𝑃𝑐𝑜𝑚𝑝𝑟 = 𝑃𝐻𝑃_𝑜𝑢𝑡𝑝𝑢𝑡 

Dividing everything with the power of the compressor and developing the equation, 

another equation for the power of the compressor was obtained: 

𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃
𝑃𝑐𝑜𝑚𝑝𝑟

+ 
𝑃𝑐𝑜𝑚𝑝𝑟
𝑃𝑐𝑜𝑚𝑝𝑟

= 
𝑃𝐻𝑃_𝑜𝑢𝑡𝑝𝑢𝑡

𝑃𝑐𝑜𝑚𝑝𝑟
 

𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃
𝑃𝑐𝑜𝑚𝑝𝑟

+  1 =  𝐶𝑂𝑃 

𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃 = (𝐶𝑂𝑃 − 1) · 𝑃𝑐𝑜𝑚𝑝𝑟 

𝑃𝑐𝑜𝑚𝑝𝑟 =
𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃
𝐶𝑂𝑃 − 1
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Replacing the power of the compressor of the heat pump with the equation previously 

obtained, an expression that relates the exhaust power of the ventilation and the 

output power of the heat pump was obtained.  

𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃 + 
𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃
𝐶𝑂𝑃 − 1

= 𝑃𝐻𝑃_𝑜𝑢𝑡𝑝𝑢𝑡 

𝑃𝐻𝑃_𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑃𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑_𝐻𝑃 · (1 +
1

𝐶𝑂𝑃 − 1
) 

 

As all the energy values obtained from IDA ICE were monthly energy values, the 

values of the power obtained above was calculated for every month, using monthly 

temperatures, and changed into energy values, with the number of hours per month. 

The heat pump covers the demand of the tap water before the space heating, and in 

order to know how much energy from the electric coil, some calculations need to be 

done. After obtaining the monthly domestic hot water and space heating demand from 

IDA ICE, based in the next equation [29], the remaining heat from the heat recovered 

from the heat pump for the space heating was calculated: 

 

𝐸𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 = (1 −
1

𝜂
) · (𝐸𝑆𝐻 + 𝐸𝐷𝐻𝑊) +

𝑇𝑐𝑜𝑙𝑑 − Δ𝑇𝑒𝑣𝑎𝑝

𝜂
· (

𝐸𝑆𝐻
𝑇𝑆𝐻 + Δ𝑇𝑐𝑜𝑛𝑑

+
𝐸𝐷𝐻𝑊

𝑇𝐷𝐻𝑊 + Δ𝑇𝑐𝑜𝑛𝑑
) 

 

Isolating the 𝐸𝑆𝐻, the energy that is remaining in the extracted energy to cover the 

space heating will be obtained: 

 

𝐸𝑆𝐻 =

(

  
 

𝐸𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑

1 −
1
𝜂

− 𝐸𝐷𝐻𝑊

𝑇𝑐𝑜𝑙𝑑 − Δ𝑇𝑒𝑣𝑎𝑝
𝜂 − 1

−
𝐸𝐷𝐻𝑊

𝑇𝐷𝐻𝑊 + Δ𝑇𝑐𝑜𝑛𝑑

)

  
 
· (

1

𝑇𝑆𝐻 + Δ𝑇𝑐𝑜𝑛𝑑
+

𝜂 − 1

𝑇𝑐𝑜𝑙𝑑 + Δ𝑇𝑒𝑣𝑎𝑝
)

−1

 

 

As the extracted energy from the dwelling was previously calculated, the energy for 

the space heating obtained is the energy from the output of the exhaust air heat pump 

that is left for the space heating. This means that maybe every month this energy is 

not enough to cover the space heating demand, so some extra energy may be needed 

in those months. An electric coil is always installed with exhaust heat pumps to solve 

this issue. The total energy demand for the space heating is known from the results of 
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IDA ICE, so the energy needed to obtain from the electric coil was calculated using 

the following equation: 

𝐸𝐻𝑃_𝑜𝑢𝑡𝑝𝑢𝑡 + 𝐸𝑒𝑙𝑒𝑐.𝑐𝑜𝑖𝑙 = 𝐸𝑏𝑜𝑖𝑙𝑒𝑟 

𝐸𝑒𝑙𝑒𝑐.𝑐𝑜𝑖𝑙 = 𝐸𝑠𝑝𝑎𝑐𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 − 𝐸𝐻𝑃_𝑜𝑢𝑡𝑝𝑢𝑡 

This electric coil will turn on when the energy obtained from the heat pump is not 

enough for the space and domestic water heating in the dwelling. 
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Appendix D. Equipment energy demand. 

In this appendix, the energy demand of different equipment devices for dwellings are 

shown. All this values were obtained from the Table 9 of the Swedish house 

construction (SVEBY) standards document [28]. This values were used to calculate 

the energy demand of each room in the house. 

Table 9. Energy demand of the equipment of the house. 

 Equipment demand (kWh/year) 

Fridge And Freezer 1020 

Lighting 1275 

Cooking 510 

Dishwasher 306 

Washing Machine And Drying 306 

Stereo 102 

TV 255 

Computer With Accessories 459 

Other 357 

Not Measured 357 

Total 5100 
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Appendix E. Temperatures of the greenhouse. 

In this appendix, the inside temperature of the greenhouse is shown. The figure below 

obtained from the results of IDA ICE, the temperature of the greenhouse all over the year 

has been represented. Another document was attached to this appendix, in which the 

average temperatures of the greenhouse are shown for each month. 
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Figure 6. Temperatures of the greenhouse, ºC 
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Air and operative temperatures

IDA Indoor Climate and 
Energy

4.801 License: IDA40:ICE40XH:ED163/I2D4W (educational 
license) 

Object: Greenhouse.Main temperatures 

System:
C:\Users\amaig\Desktop\THESIS\IDA 
ICE\WITH\Model_with.idm 

Description:

Simulated: 2019/5/23 13:56:50 [242] 

Saved: 2019/5/24 11:12:38

Variables 
Mean air temperature, Deg-C Operative temperature, Deg-C 

January 0.5707 0.2488 
February 2.91 2.586 
March 9.126 8.827 
April 18.04 17.75 
May 25.35 25.11 
June 29.7 29.45 
July 32.58 32.34 

August 27.93 27.64 
September 21.15 20.9 

October 13.14 12.89 
November 6.418 6.131 
December 3.142 2.836 

mean 15.91 15.63 
mean*8760.0 h 139393.1 136957.1 

min 0.5707 0.2488 
max 32.58 32.34 

Page 1 of 1Air and operative temperatures

2019/5/27file:///C:/Users/amaig/AppData/Local/Temp/idamod48/Model_with/greenhouse.temper...
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Appendix F. Results of the simulations. 

In this appendix all the results of the simulations and calculations are show for each case 

gathered in tables. Instead of attaching all the IDA ICE files for each case, a table was done 

for each case collecting all the important information together. 

 

 

Table 10. Results of the simulations and calculations for the case 0. 

 
TCOLD 

(K) 
PGAIN 
(W) 

PRECOV 

(W) 
EEXTRACT 

(kWh) 
EDHW 

(kWh) 

ESH 

DEMAND 

(kWh) 

ESH REMAIN 

(kWh) 
EELEC.COIL 

(kWh) 
ECOMPRESSOR 

(kWh) 

EFAN 

 
(kWh) 

EHEATING 

(kWh) 

January 293.66 613.83 805.65 599.40 353.20 2652 415.36 2236.64 169.15 25.90 2431.70 

February 293.67 614.22 806.16 541.74 319.00 2219 375.52 1843.48 152.78 23.40 2019.66 

March 293.8 619.32 812.85 604.76 353.20 1845 420.71 1424.29 169.14 25.90 1619.34 

April 294.24 636.56 835.49 601.55 341.80 991 423.33 567.67 163.58 25.10 756.35 

May 295.16 672.62 882.82 656.82 353.20 359.1 472.00 0.00 168.38 25.90 194.28 

June 297.29 756.11 992.40 714.53 341.80 116 532.21 0.00 159.48 25.10 184.58 

July 299.38 838.04 1099.92 818.34 353.20 12.1 623.73 0.00 158.59 25.90 184.49 

August 298.15 789.82 1036.64 771.26 353.20 18.2 580.62 0.00 162.56 25.90 188.46 

September 295.45 683.99 897.74 646.37 341.80 290.5 467.21 0.00 162.64 25.10 187.74 

October 294.13 632.25 829.83 617.39 353.20 930.8 433.26 497.54 169.07 25.90 692.51 

November 293.82 620.10 813.88 585.99 341.80 1691 407.88 1283.12 163.69 25.10 1471.91 

December 293.73 616.57 809.25 602.08 353.20 2217 418.03 1798.97 169.15 25.90 1994.02 

 

 

Table 11. Results of the simulations and calculations for the case 1. 

 
TCOLD 

(K) 
PGAIN 
(W) 

PRECOV 

(W) 
EEXTRACT 

(kWh) 
EDHW 

(kWh) 

ESH 

DEMAND 

(kWh) 

ESH 

REMAIN 

(kWh) 

EELEC.COIL 

(kWh) 
ECOMPRESSOR 

(kWh) 
EFAN 

(kWh) 
EHEATING 

(kWh) 

January 293.67 614.22 806.16 599.79 353.20 2481 415.74 2065.26 169.15 25.90 2260.31 

February 293.69 615.00 807.19 542.43 319.00 2045 376.21 1668.79 152.78 23.40 1844.97 

March 293.89 622.84 817.48 608.21 353.20 1560 424.14 1135.86 169.13 25.90 1330.89 

April 294.78 657.73 863.27 621.55 341.80 666.4 443.03 223.37 163.27 25.10 411.75 

May 296.75 734.95 964.62 717.68 353.20 123.3 530.45 0.00 165.98 25.90 191.88 

June 299.57 845.48 1109.70 798.98 341.80 24.6 609.98 0.00 152.80 25.10 177.90 

July 302.12 945.44 1240.88 923.22 353.20 0.1 716.64 0.00 146.62 25.90 172.52 

August 300.2 870.18 1142.11 849.73 353.20 2.4 651.98 0.00 155.45 25.90 181.35 

September 296.39 720.84 946.10 681.19 341.80 141.7 500.67 0.00 161.28 25.10 186.38 

October 294.17 633.82 831.89 618.92 353.20 800.5 434.78 365.72 169.06 25.90 560.68 

November 293.82 620.10 813.88 585.99 341.80 1582 407.88 1174.12 163.69 25.10 1362.91 

December 293.73 616.57 809.25 602.08 353.20 2075 418.03 1656.97 169.15 25.90 1852.02 
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Table 12. Results of the simulations and calculations for the case where the greenhouse faces the east. 

 
TCOLD 

(K) 
PGAIN 
(W) 

PRECOV 

(W) 
EEXTRACT 

(kWh) 
EDHW 

(kWh) 

ESH 

DEMAND 

(kWh) 

ESH 

REMAIN 

(kWh) 

EELEC.COIL 

(kWh) 
ECOMPRESSOR 

(kWh) 
EFAN 

(kWh) 
EHEATING 

(kWh) 

January 293.68 614.61 806.68 600.17 353.20 2575 416.12 2158.88 169.15 25.90 2353.93 

February 293.7 615.40 807.71 542.78 319.00 2131 376.56 1754.44 152.78 23.40 1930.62 

March 293.89 622.84 817.48 608.21 353.20 1633 424.14 1208.86 169.13 25.90 1403.89 

April 294.74 656.16 861.21 620.07 341.80 699 441.57 257.43 163.30 25.10 445.83 

May 297.27 755.33 991.37 737.58 353.20 95.8 549.23 0.00 164.85 25.90 190.75 

June 300.35 876.06 1149.82 827.87 341.80 15 635.91 0.00 149.84 25.10 174.94 

July 302.98 979.15 1285.13 956.14 353.20 0 744.95 0.00 142.01 25.90 167.91 

August 300.57 884.68 1161.14 863.89 353.20 2 664.60 0.00 153.91 25.90 179.81 

September 296.11 709.86 931.69 670.82 341.80 171.3 490.76 0.00 161.75 25.10 186.85 

October 294.16 633.43 831.37 618.54 353.20 892.1 434.40 457.70 169.06 25.90 652.66 

November 293.82 620.10 813.88 585.99 341.80 1674 407.88 1266.12 163.69 25.10 1454.91 

December 293.74 616.96 809.76 602.46 353.20 2170 418.42 1751.58 169.15 25.90 1946.64 

 

Table 13. Results of the simulations and calculations for the case where the greenhouse faces the north. 

 

Table 14. Results of the simulations and calculations for the case where the greenhouse faces the west. 

 

 
TCOLD 

(K) 
PGAIN 
(W) 

PRECOV 

(W) 
EEXTRACT 

(kWh) 
EDHW 

(kWh) 

ESH 

DEMAND 

(kWh) 

ESH 

REMAIN 

(kWh) 

EELEC.COIL 

(kWh) 
ECOMPRESSOR 

(kWh) 
EFAN 

(kWh) 
EHEATING 

(kWh) 

January 293.74 616.96 809.76 602.46 353.20 2540 418.42 2121.58 169.15 25.90 2316.64 

February 293.8 619.32 812.85 546.24 319.00 2116 380.01 1735.99 152.77 23.40 1912.16 

March 294.02 627.94 824.17 613.18 353.20 1690 429.09 1260.91 169.10 25.90 1455.92 

April 294.67 653.42 857.61 617.48 341.80 784.9 439.03 345.87 163.35 25.10 534.32 

May 296.42 722.01 947.64 705.04 353.20 155.8 518.45 0.00 166.61 25.90 192.51 

June 299.31 835.29 1096.32 789.35 341.80 27.3 601.26 0.00 153.71 25.10 178.81 

July 301.77 931.72 1222.88 909.82 353.20 0.7 705.00 0.00 148.38 25.90 174.28 

August 299.83 855.67 1123.07 835.57 353.20 6.5 639.28 0.00 156.91 25.90 182.81 

September 296.1 709.47 931.18 670.45 341.80 243.1 490.41 0.00 161.76 25.10 186.86 

October 294.44 644.40 845.78 629.26 353.20 918 445.00 473.00 168.94 25.90 667.84 

November 293.95 625.20 820.57 590.81 341.80 1646 412.67 1233.33 163.66 25.10 1422.09 

December 293.8 619.32 812.85 604.76 353.20 2134 420.71 1713.29 169.14 25.90 1908.34 

 
TCOLD 

(K) 
PGAIN 
(W) 

PRECOV 

(W) 
EEXTRACT 

(kWh) 
EDHW 

(kWh) 

ESH 

DEMAND 

(kWh) 

ESH 

REMAIN 

(kWh) 

EELEC.COIL 

(kWh) 
ECOMPRESSOR 

(kWh) 
EFAN 

(kWh) 
EHEATING 

(kWh) 

January 293.68 614.61 806.68 600.17 353.20 2588 416.12 2171.88 169.15 25.90 2366.93 

February 293.7 615.40 807.71 542.78 319.00 2146 376.56 1769.44 152.78 23.40 1945.62 

March 293.89 622.84 817.48 608.21 353.20 1656 424.14 1231.86 169.13 25.90 1426.89 

April 294.75 656.55 861.73 620.44 341.80 715.7 441.94 273.76 163.30 25.10 462.16 

May 297.32 757.29 993.94 739.49 353.20 103.2 551.02 0.00 164.73 25.90 190.63 

June 300.31 874.49 1147.77 826.39 341.80 19.9 634.59 0.00 150.00 25.10 175.10 

July 302.88 975.23 1279.98 952.31 353.20 0 741.67 0.00 142.57 25.90 168.47 

August 300.47 880.76 1156.00 860.06 353.20 4 661.19 0.00 154.33 25.90 180.23 

September 296.11 709.86 931.69 670.82 341.80 198.6 490.76 0.00 161.75 25.10 186.85 

October 294.16 633.43 831.37 618.54 353.20 909.7 434.40 475.30 169.06 25.90 670.26 

November 293.82 620.10 813.88 585.99 341.80 1691 407.88 1283.12 163.69 25.10 1471.91 

December 293.74 616.96 809.76 602.46 353.20 2178 418.42 1759.58 169.15 25.90 1954.64 
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Appendix G. Calculations for the heater 

In this appendix the calculations done for the heater are shown. Taking into account how 

many hours per day is the heater on, the power of the heater and how many days have each 

month, the energy demand of the heater per month was calculated. Finally, the final heating 

demand was obtained summing the heating demand before the heater and the demand of 

the heater. 

 

Table 15. Calculations for the effects of the heater in the final heating demand. 

 Heating demand 
before heater 

(kWh) 

Hours 
working 

(h) 

Power 
(W) 

Days 
per 

month 

Energy 
per month 

(kWh) 

Final 
heating 
demand 

January 2260.31 5 900 31 139.5 2399.81 

February 1844.97 5 900 28 126 1970.97 

March 1330.89 5 900 31 139.5 1470.39 

April 411.75 0 900 30 0 411.75 

May 191.88 0 900 31 0 191.88 

June 177.90 0 900 30 0 177.90 

July 172.52 0 900 31 0 172.52 

August 181.35 0 900 31 0 181.35 

September 186.38 0 900 30 0 186.38 

October 560.68 0 900 31 0 560.68 

November 1362.91 5 900 30 135 1497.91 

December 1852.02 5 900 31 139.5 1991.52 
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