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Abstract 

The present master thesis was done during the spring of 2018. A cottage 

located in Vifors is studied with regard to its heating requirements. At the 

time of the study, the house could not be inhabited the whole year because 

there was no tap hot water available and the space heating demand was 

covered by  electricity. Thus, an alternative heating supply is required to be 

developed. As a strategic prerequisite, the solution should be achieved 

considering both solar thermal collectors and a heat pump. 

First, the  characteristics of the building were collected/determined in order 

to obtain the total heating demand per month and hence annually. Parameters 

such as the U-values, roof orientation, room dimensions, ventilation rates and 

internal gains were required to configure the building model in the software 

IDA ICE 4.8. In addition, the amount of tap hot water required per year was 

determined as 17 m3 per year. Cold water at 5 °C  had to be heated until           

55 °C to obtain the tap hot water. 

Once the heating requirements were known, the most suitable solution was to 

use a combi system (solar thermal collectors and a heat pump). Solar energy 

could fulfil the demand in the summer and the heat pump provided energy in 

the winter. For a commercial model of the flat solar thermal collector 

(Vitosol 100-F) the solar system was sized according to the heating demand 

in the summer time. The maximum energy that could be obtained from the 

solar collectors in summer was calculated, the rest of the demand had to be 

fulfilled by a heat pump, model WPL-18 E. 

The achieved solution is compounded by the heat pump and 3 solar thermal 

collectors with a surface of 2.33 m2 each. The solar energy obtained is 

1 843 kWh per year, which covers 9 % of the total annual heating demand 

(20 098 kWh). However, the 98 % of the heating demand during the 

summertime comes from the solar collectors. The investment cost is 

113 900 SEK and the payback period is estimated in 8 years. 

 

Keywords: Building heating demand, IDA ICE, Solar thermal collectors, 

Heat pump, Combi systems. 
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Nomenclature 

Symbol Description Units 

∆𝐸𝐼 Internal energy variation J ; Wh 

∆𝐸𝐶 Kinetic energy variation J ; Wh 

∆𝐸𝑃 Potential energy variation J ; Wh 

Q Heat   J ; Wh 

W Work N⋅m ; J ; Wh 

Cv Heat capacity at constant volume J⋅°C-1 

𝑘 Thermal conductivity J⋅m-1 ⋅°C-1 

𝐴 Transmission surface m2 

𝑑𝑥 Length differential m 

ℎ Convection coefficient J⋅m-2 ⋅°C-1 

Ts Solid/liquid temperature (convection) °C 

Tf The most fluid component 

temperature (convection) 

°C 

ε Emissivity No units 

σ Stefan-Boltzmann constant 5.67⋅10-8 W⋅m−2⋅K-4 

α Absorbability No units 

τ Transmittance  No units 

T4 Hot body temperature K4 

Tc4 Cold body temperature K4 

U U-value W ⋅m-2 ⋅ °C-1 

Dh Degree hours °C ⋅ h 

q flow m3 ⋅ h-1 

d density kg ⋅ m-3 

cp Specific heat Wh ⋅ kg-1 ⋅ K-1 

Vol Volume m3 

∆T Temperature increase °C 

ά Window absorption coefficient  No units 

Kia Incidence angle modifier No units 

Ig Global solar radiation in the plane of 

the collector array 
W ⋅ m-2 

Ac Total aperture area of the collector 

array 

m2 

ηo Optical efficiency No units 

𝑈𝐿1 First order heat loss coefficient W ⋅ m-2 ⋅ K-1 

𝑈𝐿2 Second order heat loss coefficient W ⋅ m-2 ⋅ K-2 

Tm Mean temperature of collector fluid °C 

Ta Ambient air temperature near 

collector array 

°C 

W Compressor electricity requirement   

Qhot Heat to the warmest space W 

Qcold Heat from the coldest space W 

Th Warm space temperature K 

Tc Cold space temperature K 

COP Coefficient of performance No units 

Tevap Refrigerant temperature through the 

evaporator 

K 

Tcond Refrigerant temperature through the 

condenser 

K 

η Heat pump efficiency vs Carnot No units 
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1 Introduction 

1.1 Background 

What is energy? This simple question has different answers regarding the context. 

According to [1] [2] [3] [4], a physic definition of energy can be “the capacity of a 

system to perform work”. However, many times it is not easy to discover what can 

or cannot do work. Thus another definition, after thousand years of human 

development, may be “the element that lets civilisations improve”. Thousands of 

years ago, those who were able to make fire progressed faster than those who could 

not. Nowadays, the access to electricity is one of the main factors for people’s 

development. 

The 20th-century main challenge was to add years to people´s life [5], but now it is 

adding “life” to each year. Energy plays one of the principal roles in this point. 

Therefore, the quality and quantity of energy will set the quality of our future. 

1.1.1 Energy sources nowadays 

The majority of the energy used in the world comes from conventional sources i.e., 

fossil fuels such as petroleum, coal or natural gas. Besides being depleted, their use 

generates terrible effects into the environment e.g., Global warming. CO2 (carbon 

dioxide) emissions, as well as other gases, are mainly responsible for the 

greenhouse effect, which is strongly related to global warming. 

Thus, another kind of energy source must be used in the future i.e., by utilizing 

renewable energy resources. The primary source of energy since the beginning of 

life has been solar energy and now is the time to discover how to get all the benefits 

from it. The potential of energy coming from renewable energies is quite 

remarkable (Figure 1), but the change from traditional energy sources to these 

requires effort from each person.  

 

Figure 1. Annual global energy consumption by humans. Source: National Petroleum Council, 2007, after 
Craig, Cunningham and Salgo (reproduced from IEA, 2008b) 
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When the change from conventional energy sources to renewable energy sources 

may happen is not so certain. In 2014 only the 19.2 % of the total energy was 

generated by renewable energy sources (Figure 2). Efficient technologies, people 

behaviour and education, as well as true global agreements, could permit the change 

towards a sustainable energy model.  

 

Figure 2. Estimated Renewable Energy Share of Global Final Energy Consumption, 2014 [6] 

1.1.2 Where does the energy go? 

At present, industry and transport are the main sectors regarding the world energy 

demand. Residential sector plus commercial and public services sector had reached 

the 32 % of the total energy demand (Figure 3). 

 

 

Figure 3. Global final energy consumption per sector [7] 

Europe results did not follow the same tendency because of the influence from the 

transport sector (Figure 4). If residential and services sectors were considered as the 

same, they exceeded transport and industry considerably, which reflected a society 

with a higher standard of living. 
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Figure 4. Europe final energy consumption per sector [8] 

With the aim of getting a more efficient energy model, at least four steps should be 

followed. First, reduce the energy demand. Second, use the current technologies 

efficiently. Third, try to recover the waste energy and lastly change into renewable 

resources.  

1.1.3 Swedish context 

Currently, Sweden is one of the countries with a high share energy sources from 

renewables. According to REN 21 (Renewable Energy Policy Network for the 21st 

century), in 2016 Sweden was the third country on the list with a high renewable 

energy generation per inhabitant [6].  Additionally, 52 % of the final energy 

consumption came from renewable resources. Thus, the goal of 50 % by the year 

2020 was accomplished (íbid.). However, was not considered as an fossil fuel 

energy independent country (Figure 5), but it was so close to getting it.  

25.54%

33.12%

25.57%

13.61%

2.16% Industry

Transport

Residential

Commercial and public
services

Agriculture/forestry



 
 4  

 

Figure 5. Energy self-sufficient (%),  2015 [7] 

According to the International Energy Agency (IEA), in 2013 the Swedish electrical 

grid portrayed a remarkable improvement towards carbon-free electricity supply 

thanks to the connections with other Nordic markets [9]. On the other hand, Sweden 

was working to achieve a vehicle fleet fossil-fuel independent by 2030 as well as 

no greenhouse-gas emissions effect by 2050 (íbid.). 

Regarding the energy use in Sweden, the industry represented the 40 % of the total 

energy demand, but also the influence of the residential and services sector was 

notable [10] (Figure 6). 

 

Figure 6. Sweden share of final energy consumption per sector [10] 
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On the other hand, the main energy resources in 2010 represented a varied energy 

model where the influence of nuclear power was significant (Figure 7).  

 

Figure 7. Total energy supplied in Sweden 2010 by the carrier, in TWh [11] 

1.1.4 Heating in Sweden 

The heating sector in Sweden represents an important part of the energy demand in 

the country. Owing to the cold weather, getting a good heating system is essential 

for Swedens development. In 2012 the total heating demand in Sweden was 

100 TWh with 2.3 million points for delivering heat [12].  

Sweden has been developing changes in the heat carriers. In the 1970s, the central 

heat carrier was oil [9]. However, using the electricity to obtaining heat seemed to 

be a more favorable idea, not only considering CO2 (carbon dioxide) emissions but 

primarily because of the price volatility in the fuel sector. Therefore, the heat pumps 

and electrical resistance heating have been further used.  

Nowadays district heating delivers more than 50 % of the total heating demand. It 

also should be mentioned that Sweden has a sparse district heating grid, which 

means that there are many zones in the country (small villages, a single-family 

house far from the cities and remote places) where the district heating grid is out of 

reach. In these cases, the heat pump technology can adequately supply heat.  

In 2012, the heating market was mainly dominated by residential buildings and 

single-family houses represented almost 45 % of the market (Figure 8). According 

to this, single-family houses were strategic for the heating situation in the future.  

 

Figure 8. The heating market in Sweden, 2012 [12] 
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In 2014, it was determined that the future challenges for the heating market in 

Sweden depended on an increase in the population, the improvement in the current 

heating technologies and how other markets such as the electricity market  could 

progress [12]. 

1.2 Literature review 

The literature review is mainly based on journal articles, but also some conference 

papers and a Doctoral Thesis are considered. Regarding the search method used, 

different keywords utilisation help to find appropriate articles and documents. Some 

of the keywords are solar thermal collectors, IDA_ICE, heat pump, heating 

buildings, heating in Sweden, solar energy, thermal storage, domestic hot 

water,space heating and combi systems. By seeking the suitable literature, 

databases such as Discovery, SwePub, ScienceDirect, Scopus, DiVA, SCB, Google 

Scholar, EBSCOhost and UlrichsWeb were useful. 

According to Fischer, et al. [13], in 2015 the building heating demand in Sweden 

was 76.4 TWh. By studying a building, the first step is to determine the heating that 

it requires in order to get specific thermal conditions. Parameters like the domestic 

hot water characteristics, the indoor temperature set point, U-values for walls, roof, 

floor and windows, the ACH (Air Changes per Hour) needed, the occupants´ 

clothing and activity level but also the lighting and equipment used must be 

considered [14]. On the other hand, the building features can be analyzed just 

considering two aspects: housing attributes and household characteristics [15]. In 

addition, when comparing two buildings regarding their energy consumption, the 

housing attributes can be divided into ventilation, climate, building envelope, type 

of energy system for heating/cooling and heat pumps/solar energy (íbid.). In this 

case, the authors do not clarify why the heat pump or the solar energy cannot be 

studied as a type of energy for heating. In the same context Sakellari & Lundqvist 

[16] consider: 

 “The building construction and its dynamic conditions play the 

most significant role in selecting the proper heat distribution system and 

the appropriate water/air supply temperature.” 

In 2001, Gustafsson [17] claimed that solar technology in Sweden could not be 

suitable at that moment. The solar collector's price should decrease by 25 % and 

then it could became an effective heating supply alternative. In 2017, Sathe & 

Dhoble [18] expressed: 

 “Solar thermal is one of the most developed solar technology 

and is available commercially at very effective cost.” 
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In 2015, the solar thermal installations accumulated to about 349 MW in Sweden 

that were used to complement other heating technologies for individual buildings 

among others [13]. However, the article does not go more in-depth and separate the 

energy generation into the three main regions in Sweden. Solar thermal collectors 

and an auxiliary source of heat (e.g. heat pump) are known in Europe as combi 

systems [19], and it depends on the storage strategy followed. Thus, when sizing a 

unique solar system is vital to consider the worst weather conditions to know the 

storage requirements [20]. Additionally, Adsten et al.  [21] recommended using the 

local climate data as long as possible because it influences the accuracy of the 

results.  

Not only the type of solar thermal collectors explained by Kalogirou [19] is used to 

get heat from the sun. Other authors [18] [22] [23] considered the possibility of 

using solar energy to get both electricity and heat by designing a BIPV/Thermal 

(Building-Integrated Photovoltaics/Thermal) system. However, most of the 

checked literature agree on the idea that there should be an additional (auxiliary) 

source of heat, increasing the reliability in the heating supply system. According to 

that, the heat pump technology is widely used in Sweden with more than one million 

installed for single-family buildings [12]. Poppi et al.  [24] and Reda & Laitinen  

[25] demonstrated in their work the hybrid system of a solar thermal collectors and 

heat pump. It is useful that studies about different locations and specific 

characteristics have decided to consider this combined system. Nevertheless, it 

should be mentioned that the latitude influences the results considerably, which 

extends the payback [26] [27]. 

 By using the commercial software TRNSYS 17, Li et al. [28] demonstrated how a 

combi system compounded by solar thermal collectors and a heat pump was 

achievable in different climate conditions by using a single storage tank. That kind 

of combi system is quite interesting and it has been finally used in this project. 

However, the use of TRNSYS 17 was restricted so the sizing procedure has been 

different. Additionally, the choice of the control strategy is such an important matter 

because it may influence the sizing procedure [29]. Therefore, a control strategy 

should be developed at the same time the heat pump is sized. One of the main 

features of the solar thermal systems was explained by Yumrutaş & Ünsal [30]: 

 “There is a seasonal mismatch between solar energy availability 

in summer and heating requirement of spaces in the winter and annual 

storage of solar energy is a way to compensate this mismatch.” 
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Seasonal storage can be implemented underground. These kind of systems (UTES 

(Underground Thermal Energy Storage)) are widespread in Sweden, and they are 

usually used with heat pumps (GSHP(Ground Source Heat Pump)). In 2004 there 

were more than 275 000 for single-family homes in Sweden  [31]. In addition, 

GSHP systems increase the COP (Coefficient of Performance) value for the heat 

pumps in cold climates [25]. Generally, air-source heat pump (ASHP) does not 

reach higher SPF (Seasonal Performance Factor) than ground-source heat pump 

(GSHP) for the same combination of climate and building when studying a combi 

system [32].  However, a combi system with GSHP involves a soil study that is 

unlikely to occur in the current project.  

Independent of the energy system studied, the homeowners in Sweden usually 

consider four factors from which they must choose: investment, annual cost, 

functional reliability and the indoor air quality [33]. In the last ten years, the heating 

supply in houses has been changing from oil boilers and electrical resistance into 

district heating (when possible), pellet boilers and heat pumps [34]. 

In conclusion, many studies regarding residential heating by solar energy or heat 

pumps have been developed. The importance of the location, building 

characteristics and technology was evident. Nevertheless, there was not any 

standardized procedure that could be useful for each situation. For this reason, the 

current house had to be analysed individually. 

 

1.3 Problem statement 

A small house located in the forest in Vifors (Bergby), Sweden, is analysed to obtain 

a heating supply system. Location and orientation, climate, materials and the house 

dimensions are likely to determine the results. Once the amount of heat required is 

known by using the software IDA ICE, solar thermal collectors and a heat pump 

must provide the energy for the building. 

 

1.4 Aims 

The primary goal of the current thesis work was to identify an alternative heating 

supply based on solar thermal collectors and heat pump technology. 

Furthermore, other objectives were to evaluate the total heating demand. Analyse 

and compare the solar thermal collectors and the heat pumps as heating supply 

systems. Lastly, estimate the economic investment as well as the payback period 

considering the current market. 
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The present work was undertaken in ten weeks as such, time was a limiting factor 

that may have had an influence of the chosen solution and prevented critical 

analysis or exploration of other  possible solutions. Besides, measurements were 

not done (e.g., the soil properties or temperature), so the study was based on data 

provided by the assistant supervisor (e.g., U-values for the building), public data on 

the Internet (e.g. irradiance per month) and some assumptions were made. 
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2 Theory 

In this chapter, some definitions have been explained to clarify the calculations 

developed during the project. In addition, many of these concepts have been 

inbeded in the computer software used. 

2.1 Heating 

2.1.1 Heat balance 

The total energy variation in a system (∆E) depends on three terms, kinetic energy 

variation (∆EC), potential energy variation (∆EP) and internal energy variation 

(∆𝐸𝐼) [35]. 

∆𝐸 = ∆𝐸𝐶 + ∆𝐸𝑃 + ∆𝐸𝐼 

Eq.  1 

Where  

∆E, ∆EC, ∆EP, ∆EI are in Joules [J] 

The law of conservation of energy states that for a closed system, the energy 

variation is equal to the net transfer of energy to the system [35]. According to it: 

∆𝐸 = 𝑄 − 𝑊 

Eq.  2 

Where 

Q represents the heat transferred into the system [J] 

W represents the work done by the system [J]  

By comparing Eq.  1 and Eq.  2, as well as considering that the kinetic energy 

variation, the potential energy variation and the work done for the system between 

two different states are zero, the internal energy variation depends on the heat 

transferred to the system. 

∆𝐸𝐼 = 𝑄 

Eq.  3 

In addition, the internal energy variation can be defined as follow: 

  

∆𝐸𝐼 = ∫ 𝐶𝑣 𝑑𝑇
𝑇2

𝑇1

 

Eq.  4  
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Where  

Cv represents  the heat capacity of the system/material/fluid at 

constant volume. [J ⋅ °C] 

T1 corresponds to the system temperature in the state one. [°C] 

T2 corresponds to the system temperature in the state two. [°C] 

 

Therefore, by Eq.  3 and Eq.  4 it can be illustrated the relationship between the heat 

flow into a system and the temperature variation. 

2.1.2 Heat transfer 

The heat can be transferred by three ways. 

2.1.2.1 Conduction 

The conduction phenomena can appear in solid, liquid and gas. It can be defined as 

the energy transmission from the most energised particles to those with less energy 

due to the interaction between particles. The Fourier law expresses the amount of 

heat that can flow regarding the surface, thickness and temperature differences as 

[35]: 

𝑄𝑐 = −𝑘 ∙ 𝐴 ∙
𝑑𝑇

𝑑𝑥
 

Eq.  5 

Where 

k= Thermal conductivity [J ⋅ m-1 ⋅ °C-1] 

Qc= Heat transferred by conduction [J] 

A=Conduction surface [m2] 

dT= Temperature differential [°C] 

dx= Length differential [m] 

2.1.2.2 Convection 

The convection can occur between solid and fluid (liquid or gas) surfaces or 

between two fluids (liquid-gas). The main characteristics are the temperature 

difference between the surfaces and the convection coefficient h, which is not a 

thermodynamic property but an empirical parameter that considers the nature of 

the fluid flow pattern near the surface, the properties of the fluid and the 

system geometry [35]. Newton´s law of cooling permits to calculate the heat 

transferred. 

𝑄𝑐𝑣 = ℎ ∙ 𝐴 ∙ (𝑇𝑠 − 𝑇𝑓) 

Eq.  6 
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Where  

Qcv= Heat transferred by convection [J] 

h= Convection coefficient [J ⋅ m-2 ⋅ °C-1] 

A=Convection surface [m2] 

Ts= Solid surface temperature [°C] 

Tf= Fluid surface temperature [°C] 

2.1.2.3 Radiation 

The thermal radiation does not need any medium (solid, liquid or gas) to transfer 

heat from one point to another. The heat flows as electromagnetic waves. 

Everything can emit and absorb thermal radiation. The heating transferred by 

radiation also depends on the temperature of the elements [35]. The Stefan-

Boltzmann law: 

𝑄𝑒 = 𝜀 ∙ 𝜎 ∙ 𝐴 ∙ (𝑇4 − 𝑇𝑐
4) 

Eq.  7 

Where  

Qe= Heat transferred by radiation [J] 

ε= emissivity [No units] 

σ= Stefan-Boltzmann constant [5.67 ⋅ 10-8] [W⋅m−2⋅K-4] 

A=radiation surface [m2] 

T4= Warm object temperature [K4] 

Tc
4= Cold object temperature [K4] 

2.1.3 Transmission losses 

In every building, the losses through the building envelope must be considered. The 

losses due to transmission are mainly based on the heat conduction. The U-value is 

used to characterise the properties of the walls and windows among others. 

The term degree hours is also requires to know the heating losses. It may be defined 

as the number of degrees by which the indoor temperature is below or above a 

standard temperature [36].  

According to this, the energy lost can be calculated as: 

𝑄𝑡𝑟𝑎𝑛𝑠𝑙𝑜𝑠𝑠𝑒𝑠
= (𝑈𝑤𝑎𝑙𝑙𝑠 ∙ 𝐴𝑤𝑎𝑙𝑙𝑠 + 𝑈𝑟𝑜𝑜𝑓 ∙ 𝐴𝑟𝑜𝑜𝑓 + 𝑈𝑓𝑙𝑜𝑜𝑟 ∙ 𝐴𝑓𝑙𝑜𝑜𝑟 + 𝑈𝑤𝑖𝑛𝑑𝑜𝑤𝑠 ∙ 𝐴𝑤𝑖𝑛𝑑𝑜𝑤𝑠) ∙ 𝐷ℎ 

Eq.  8 
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Where  

Ui= U-Value [W ⋅m-2 ⋅ °C-1] where sub index i represents walls, roof, 

floor and windows. 

Ai= Transmission surface [m2] where sub index i represents walls, roof, 

floor and windows. 

Dh= Degree hours [°C ⋅ h] 

2.1.4 Ventilation 

The heating requirement for the ventilation system is related to the airflow, the 

thermal properties of the fluid, and it depends on the temperature difference 

required. 

𝑄𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑞 ∙ 𝑑 ∙ 𝑐𝑝 ∙ 𝐷ℎ 

Eq.  9 

Where  

q= airflow [m3 ⋅ s-1]  

d= air density [kg ⋅ m-3] 

cp= air specific heat [J ⋅ °C-1 ⋅ kg-1] 

Dh= Degree hours [°C ⋅ h] 

2.1.5 Domestic hot water 

The heating requirement for the tap hot water can be calculated if it is known the 

water volume to heat, the specific heat of water and the temperature difference 

between the input cold water and the tap hot water. 

𝑄ℎ𝑜𝑡𝑤𝑎𝑡𝑒𝑟 = 𝑉𝑜𝑙 ∙ 𝑑 ∙ 𝑐𝑝 ∙ (𝑇𝑡𝑎𝑝𝐻𝑜𝑡𝑊𝑎𝑡𝑒𝑟 − 𝑇𝑖𝑛𝑝𝑢𝑡) 

Eq.  10 

Where  

Vol= Volume [m3 ]  

d= Water density [kg ⋅ m-3] 

cp= specific heat of water [J ⋅ °C-1 ⋅ kg-1] 

TtapHotWater= Target temperature. This is the water temperature for the 

domestic hot water [°C] 

Tinput=This is the input cold water temperature [°C]. 
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Working with this formula is easy if the flow and temperatures are known. It is 

possible to obtain the energy per year without using the degree hours, just knowing 

the total amount of water per year. 

2.1.6 Solar gain 

An interesting phenomenon happens through the windows because of the sun effect. 

The benefits in the winter season are remarkable. There is some energy that can 

flow into the building thanks to the Sun radiation: 

𝑆𝑜𝑙𝑎𝑟 𝑔𝑎𝑖𝑛𝑠 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑒𝑟 𝑑𝑎𝑦𝑚2 ⋅ 𝐴𝑟𝑒𝑎 ∙ ά ∙ 𝑆ℎ𝑎𝑑𝑜𝑤𝑓𝑎𝑐𝑡𝑜𝑟 ∙ 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ 

Eq.  11 

Where  

Energy per day= Solar irradiance [Wh⋅ m-2 ⋅ day-1]  

Area= windows surface [m2] 

ά= pane absorbability factor [No units] 

Shadow factor= Factor which represents the window orientation effect 

[No units] 

Days per month= Number of days per month. It permits to obtain the 

solar gain per month when the Energy per day values are also per month. 

 

2.2 Solar collectors 

Thermal solar collectors are required in the current Thesis. Thus, it is important to 

know how they generate energy and the different models. 

2.2.1 Working principle 

Solar thermal collector’s technology is based on the radiation from the sun, both 

direct and diffuse. The materials used in the collectors are quite significant, with 

the aim of getting as much energy as possible. There are three parameters whereby 

each object can be evaluated regarding the radiation: emissivity (ε), transmissivity 

(τ) and absorbability (α). All of them have no units, and for a determined element 

they sum up to a value between 0 and 1, according to the equation: 

𝛼 + 𝜀 + 𝜏 = 1 

Eq.  12 

Emissivity expresses the capacity of an object for transferring heat through. 

Transmissivity reflects the capacity of an object to let the radiation waves go 

through . 
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Absorbability means how good an object is retaining the energy from radiation. 

According to this, for each type of solar collector, the glazes should have high 

transmissivity but low absorbability and emissivity in the wavelength range from 

the sun (Wein´s displacement law). The pane works as a greenhouse phenomenon.  

On the other hand, the absorber (aluminium, for example), must have great 

absorbability.  

The thermal analysis, regardless the type of collector, can be done by thermal 

resistance as if it were an electrical model (Figure 9). Three types of resistance are 

considered according to the three heat transfer options, conduction, convection and 

radiation. Besides, the temperature difference simulates the voltage difference in 

electricity and the current represents the heat flow. 

 

Figure 9. General thermal model 

As an example, the flat collectors’ model (glazed) could be like the model illustrated 

in Figure 10: 

 

Figure 10. Thermal resistance model for a glazed solar flat collector 

Where the thermal resistances:  

 Conduction 

𝑅𝑐𝑜𝑛𝑑𝑢 =
∆𝑇

𝑄
=

1

𝑘 × 𝐴
   

Eq.  13 
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Where 

Rcondu= Thermal resistance when heat is being transferred by conduction 

[°C ⋅ J-1] 

k= Thermal conductivity [J ⋅ m-1 ⋅ °C-1] 

A=Conduction surface [m2] 

∆T= Temperature difference between surfaces [°C] 

Q= Energy transferred by heat conduction per meter [J⋅ m-1] 

 Convection 

  𝑅𝑐𝑜𝑛𝑣𝑒𝑐 =
∆𝑇

𝑄
=

1

ℎ × 𝐴
   

Eq.  14 

Where 

Rconvec= Thermal resistance when heat is being transferred by convection 

[°C ⋅ J-1] 

h= Convection coefficient [J ⋅ m-2 ⋅ °C-1] 

A=Convection surface [m2] 

∆T= Temperature difference between surfaces [°C] 

Q= Energy transferred by heat convection [J] 

 Radiation 

𝑅𝑟𝑎𝑑 =
(𝑇4 − 𝑇𝑐4)

𝑄
  

Eq.  15 

Where 

Rrad= Thermal resistance when heat is being transferred by radiation[K4 

⋅ J-1] 

(T4-Tc4)= Temperature difference between objects [K4] 

Q= Energy transferred by heat radiation [J] 

Nevertheless, the industry sector has developed different ways of predicting the 

energy that is possible to get regarding commercial collectors. For example, for flat 

collectors, the European Standard way to evaluate a thermal collector that is 

available in the market is [37] : 
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𝑞𝑐𝑜𝑙𝑙𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 = 𝐾𝑖𝑎 ∙ 𝐼𝑔 ∙ 𝐴𝑐 ∙ 𝜂𝑜 − 𝑈𝐿1 ∙ 𝐴𝑐 ∙ (𝑇𝑚 − 𝑇𝑎) − 𝑈𝐿2 ∙ 𝐴𝑐 ∙ (𝑇𝑚 − 𝑇𝑎)2 

Eq.  16 

Where 

qcollpredicted= Power obtained by the collector [W] 

Kia= Incidence angle modifier [No units] 

Ac=Aperture surface [m2] 

Ig= Global solar radiation in the plane of the collector array [W ⋅ m-2] 

ηo= Optical efficiency [No units] 

UL1= First order heat loss coefficient [W ⋅ m-2 ⋅ K-1] 

UL2= Second order heat loss coefficient [W ⋅ m-2 ⋅ K-1] 

Tm= Mean temperature of collector fluid [°C] 

Ta= Ambient air temperature near collector array [°C] 

2.2.2 Types 

The solar thermal collectors’ technology is widely used around the world and it 

varies depending on the type of implementation. 

The flat plate collectors can be glazed or unglazed, but in both cases, there is a black 

surface which plays the role of the absorber (Figure 11). In the unglazed option, it 

is common to install an EDPM (elastic impermeable rubber compounded by 

ethylene, polypropylene and diene) layer. To enhance the thermal behaviour, it is 

usual to fill in the gap between the glass and the absorber with some inert gas or 

even use a vacuum flat plate collector [38]. Usually, the fluid through the pipes in 

the system is water mixed with some glycol to prevent freezing. 

The evacuated tube collectors permit to reach higher temperatures for the fluid, 

which makes this technology more appropriate for more significant heat loads. 

There are two main groups for evacuated tube collectors: straight flow tubes and 

heat pipe tubes. This one has the advantage that the collector can work even if one 

of the tubes gets broken [38]. However, each evacuated tube has some features in 

common (ibid.): 

 The collectors consist of a row of parallel glass vacuum tubes. 

 The glass must withstand the stress of the vacuum. 

 The upper end of the tube is connected to a header pipe. 
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There are many other types of solar thermal collectors. Parabolic trough main goal 

is to concentrate the solar energy in a receiver tube, as it can be seen in Figure 11. 

Other options are compound parabolic collectors, Fresnel collectors, oven, 

parabolic dishes and solar towers among others. 

 

Figure 11. Solar thermal technologies, with unique characteristics shown. Illustration by Jim Leyshon [37] 

 

2.3 Heat pump 

Heat pumps under study in this work were understood as electrical devices. Thus, 

some basic knowledge regarding its performance was mainly focused on 

compression heat pump by electrical engine. 

2.3.1 Working principle 

A heat pump can be defined as a device that transfers heat from space at one 

temperature to another space at a higher temperature [39], and the main goal is to 

get the settled temperature in the warmer space. To this purpose, extra energy is 

required (e.g., electricity for the compressor) (Figure 12). 
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Figure 12. Refrigerant cycle. The energy balance general scheme 

The energy balance shows how the total energy that it is possible to deliver to the 

hot space is the sum of the energy extracted from the cold space and the extra energy 

required. 

𝑄ℎ𝑜𝑡 = 𝑄𝑐𝑜𝑙𝑑 + 𝑊𝑒 

Eq.  17 

Where  

Qhot= Heat supplied to the warmest space [J] 

Qcold= Heat extracted from the coldest space [J] 

We= Electrical energy for the compressor [J] 

 

The thermodynamic cycle is compound by a compression state, condensation, 

expansion and evaporation (Figure 13). 

 

 

Figure 13. Heat sources and sink in industrial heat pump applications [40] 

 Evaporator: The refrigerant fluid flows through the evaporator at a 

temperature below the cold space. The heat flows into the refrigerant, and it 

changes the phase from liquid to gas. 
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 Compression work: By using external energy (electricity), the compressor 

increases the pressure level and the temperature of the refrigerant (more 

enthalpy). 

 Condenser: The refrigerant goes through the condenser and the heat 

transfers to the hot space by changing the refrigerant phase from gas to 

liquid. 

 Expansion: The liquid refrigerant decreases its pressure by passing the value 

expansion. 

The four steps can be represented in a temperature-entropy diagram as it is 

illustrated in Figure 14. 

 

Figure 14. Perfect cycle (neither ideal nor real) [41] 

The energy efficiency indicator for heat pumps is the coefficient of performance 

(COP) which is the ratio between the energy required and the energy used to obtain 

it. In a heat pump context, the COP links the heat to the hot place and the electrical 

energy used.  

𝐶𝑂𝑃 =
𝑄ℎ𝑜𝑡

𝑊𝑒
 

Eq.  18 

Where  

Qhot= Heat supplied to the warmest space [J] 

COP= Coefficient of performance [No units] 

We= Electrical energy for the compressor [J] 

 

By developing the equation and without taking into account the losses, the 

maximum COP possible (Carnot) can be calculated from the temperatures (in 

Kelvin): 
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𝐶𝑂𝑃𝐶𝐴𝑅𝑁𝑂𝑇 =
𝑇ℎ

𝑇ℎ − 𝑇𝑐
 

Eq.  19 

Where  

COPCARNOT= It is the maximum COP for the system. It cannot be 

reached in real performance. 

Th= Warm space temperature [K] 

Tc= Cold space temperature [K] 

 

However, it is not possible to get the ideal cycle because the efficiency in many 

items is not 100 %. There are losses in the compressor, the valve expansion is not 

an isentropic process, and the refrigerant temperatures in the evaporator and 

condenser cannot be the same as in the cold and hot space respectively. Thus, the 

efficiency value is required to calculate the real performance of the heat pump. 

In addition, by knowing the refrigerant temperatures in the evaporator and 

condenser, it is feasible to calculate the amount of heat that can be extracted from 

the cold space and the external energy (W) for a determined heat requirement 

(Qhot). However, it also requires knowing the degree of success in the process (𝜂). 

According to [42]: 

𝑄𝑐𝑜𝑙𝑑 = [1 −
1

𝜂
] ∙ (𝑄ℎ𝑜𝑡) +

𝑇𝑒𝑣𝑎𝑝

𝜂
∙ [

𝑄ℎ𝑜𝑡

𝑇𝑐𝑜𝑛𝑑
] 

Eq.  20 

Where  

Qcold= Heat that can be extracted from the cold place [J] 

Qhot= Heat that needs to be supplied to the hot place [J] 

Tevap= Refrigerant temperature at the evaporator [K] 

Tcond=Refrigerant temperature at the condenser [K] 

η= Relates the COP value for the refrigerant temperatures with the 

Carnot COP. [No units]. Between 0 and 1. 
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2.3.2 Types and classification 

The heat pumps classification can be done in some different ways. At first, it is 

essential to bear in mind that each heat pump facility is not the same. Many extra 

elements could be considered or not when doing the classification. The final 

purpose (heating, cooling or both), residential or industrial, the location of the 

system and the heating sources available are unlikely to be the same for each 

application. 

A residential heat pump can be evaluated regarding different aspects (Figure 15), 

but the most commons are the heat source and the sink, as well as technical features 

of the global system [40].  

 

 

Figure 15. Main distinctive features of residential heat pump systems. [40] 

Each heat pump system, independently if it is residential or industrial, can be 

studied under the assessment criteria in Figure 16. 

 



 
 24  

 

Figure 16. Classification of heat pumps (HPs) according to the system, technology, model, and driving energy. 
[40] 
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3 Method 

The method have been described as the elements under study, the procedure 

followed, and the computer programs required. 

3.1 Study objects 

The house studied, as well as solar collectors and the heat pump requirements, were 

analysed. 

3.1.1 Building 

The house was located in Vifors, Bergby, 35 kilometres north of Gävle. In Figure 

17, a satellite view has been illustrated.  

 

Figure 17. Satellite view 

First, the house analysed was divided in this project considering two parts (Figure 

18). The new part was compounded by a kitchen and the bathroom (bad-tvätt and 

kök_new). The old part was the rest of the cottage.  

The building studied consisted of a ground floor of 80 m2 and the first floor of 50 

m2. On the ground floor, there were two kitchens (kök), living room (vardagsrum), 

bathroom (bad-tvätt), one storage room (lillkammare) and the entrance (veranda). 

On the first floor, there was another kitchen, bedroom (sovrum) and one storage 

room. Also, according to the plans, there was a terrace (altan), which it was not 

covered and was not considered in the current heating system study. For further 

details of the building, consult Figure 23 and Figure 24 in Appendix A. 
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In addition, there was a small air gap (30 cm height) between the floor zero and the 

soil, as it has been illustrated in Figure 19 and Figure 25.  The attic room between 

first floor and ceiling was not considered as habitable. 

 

 

Figure 18. The new part of the building. Clarification 
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Figure 19. IDA ICE building model. 3D 

Nowadays the building has been only inhabited in the summertime. The main 

reasons have been explained as follows: 

 No tap hot water available. 

 The current bathroom was located in an adjacent building, to which it was 

not possible to access in winter due to the snow. The current house studied 

also has included the new bathroom inside, as it has been shown in the  

attached plans (Appendix A). 

 The heating system mainly consisted of electrical resistance heating as well 

as firewood. However, the total heating demand implied an energy cost per 

year that the homeowners refused to deal.  

The walls, floor and roof were made of wood, and the windows were double-pane. 

The main entrance was oriented about 15 ° south-east, which means that the roof 

was almost focused to the south, so it had the right orientation regarding solar gain 

characteristics. The slope of the roof was around 40 degrees.  

3.1.2 Solar collector selected 

The solar thermal collector used in this project was a flat solar collector. Flat solar 

collectors could melt the snow easier than evacuated tubes collectors, which 

involved a better performance in winter for the flat solar collectors.  
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The system was required to be sized according to the heating demand in summer 

and then, avoiding overheating. The flat solar collectors, with an anti-freezing 

glycol, was also a suitable option, though evacuated tubes were more common in 

cold climates. The commercial model selected was Vitosol 100-F from Viessmann 

manufactures (Appendix B). Table 1 shows the main characteristics.  

Table 1. Vitosol 100-F main  features   

 

In addition, the solar thermal system needed a storage tank (for domestic hot water). 

By checking some different simulation software web pages such as TRNSYS, 

Polysum or SHW, the most suitable tank volume was determined. 

3.1.3 Heat pump 

The heat pump was selected regarding two main aspects: the heat source and the 

operation mode.  

Concerning the heat source, it was decided to select an air-water heat pump. The 

ground source heat pump, as well as the air to air heat pumps, were not the most 

suitable options. A ground source heat pump required the soil perforation to build 

the boreholes system (horizontal or vertical), which, in order to do it properly, 

needed a study of the ground properties that could not be developed due to the lack 

of time. Moreover, the air-water heat pump was cheaper than the facilities for a 

ground source heat pump as well as there were commercial air-water heat pumps 

that could run with similar results. On the other hand, air to air heat pump was not 

used in this case because the space heating system was likely to be by radiators 

integrated into a new plumbing facility. 

The operation mode options that were considered were monovalent and 

monoenergetic. While the monovalent mode means that the heat pump can cover 

100 % of the demand, the monoenergetic mode gets the energy from an internal 

electrical resistance only a few days of the year when the temperatures are 

extremely low.  

When searching a commercial model, one of the requirements for the heat pump 

was the temperature values for both water output temperature and ambient 

temperature. In this work, the choice was 60 °C for the fluid flow temperature and 

-20 °C as external temperature limit for operation. 

The final model was obtained thanks to the Excel tool provided by the company 

Stiebel Eltron. This tool [43] was freely accessible, and it permitted to simulate a 

commercial heat pump operation for a whole year according to some user input 

parameters. 

Aperture surface per collector (m2) 2.33 

UL1 (heat loss coefficient 1)(W ⋅ m-2 ⋅  k-1) 4.15 

UL2 (heat loss coefficient 2)(W ⋅ m-2 ⋅  k-1) 0.0114 

ŋo (optical efficiency) 75.4 
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3.2 Procedure 

The project had two main parts. The first step was to know the total heating demand 

for the building regarding space heating, ventilation and domestic hot water and 

once it was checked, the alternative heating supplies could be developed.All the 

information about the house was collected. The materials and their thermal 

properties, building plans, ventilation system parameters (e.g., ACH), the total 

amount of tap hot water per year and both input and output temperatures, indoor 

temperatures (indoor target and outdoor). Furthermore, the number of occupants, 

the lighting and the equipment were considered.  

Second, according to the provided plans, the building was created in IDA ICE, 

configuring all the previous explained properties in it. Once it was done, the house 

was simulated for one historical year to know the heating performance of the 

building. The primary goal was to calculate the space heating demand as well as the 

domestic hot water per month. 

Third, once the results from IDA ICE were obtained, the solar thermal collector's 

system was developed. The purpose was to size the system so that in summertime 

the energy coming from the solar system did not exceed the total heating demand 

for that time. By using the software Matlab, a necessary programming code 

(Appendix D) was used to evaluate the amount of energy that it was possible to get, 

each month, from the sized solar facility.  

Take into consideration that some assumptions and different databases were 

required to be checked. The heating demand per month, the irradiance data, solar 

hours per month, the ambient temperature, temperature increase in the solar 

collector fluid, solar collector characteristic and the equation from theory chapter. 

Additionally, the management of the units required special care due to the equation 

definition, obtained values in previous calculations and different data sources. 

Fourth, the strategy operation was decided on while the heat pump was being 

selected. By answering the following questions, the strategy was fixed: 

 Is the solar system going to produce heat for domestic hot water, space 

heating or both? 

 Is there any seasonal storage? Is it worth it? 

 What kind of heat pump would be the best? How should the space heating 

deliver energy? Radiators, radiant floor, air? 

 How should the system work in winter and during the summer? 

 Should there be any tank storage for domestic hot water and space heating? 

Can it be the same? 



 
 30  

 What kind of fluid is going to be through each element? Should there be any 

different heat exchanger? 

 Additional components such as pumps or valves. 

Fifth, the heat pump could be selected according to the heating demand that the 

solar thermal collectors could not fulfil. The sizing of the heat pump was done 

according to some commercial products that were able to reach the requirements.  

It should be reminded that the current project was not focused on designing and 

sizing the whole heating installation. Pipes, pressure values, commercial valves, 

commercial pumps, plans for the system distribution, whole system control (PLC, 

sensors,…), solar collectors mounting structure, and all the items that the system 

could need when the equipment installation took place were not under study. 

Six, the economic analysis involved comparing investment and savings by using 

the adopted solution. On one hand, the prices for the commercial solar collectors, 

the heat pump and the domestic hot water tank were considered and on the other 

hand, the cost of the system if electrical resistance heaters had supplied the total 

heating demand.  

For these calculations, the price of the energy purchased for the current building 

corresponded to the electricity price for a detached house with electrical heating in 

Sweden [44] . Figure 20 shows the price tendency from 1970 to 2017. The value 

used was 133 öre/kWh, the price in 2017. 

 

Figure 20. Energy prices for the residential and services sector, from 1970, real (2017) prices, öre/kWh [44] 
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3.3 Numerical methods 

Three different software tools were required to solve the current problem. 

3.3.1 IDA ICE 

All calculations were made with the version 4.8.  thanks to a student license. In this 

project, it was focused on studying the building energy use. The software can also 

be used in building simulation analysis for thermal comfort and indoor air quality 

(CO2 modelling) [45]. The values used in the model have been attached in 

Appendix C.  

Some assumptions and considerations were needed. They are explained as follows: 

 Geometry: 

o The different rooms’ dimensions, as well as the total building area, 

were based on the provided plans (Appendix A). The envelope area 

definition was considered as “external” and thermal bridges were 

defined as “typical” when configuring the global data in IDA ICE. 

o The doors and windows dimension values were also measured as 

external area definition. In this study, it was considered that the 

frame covered a fraction of 0.1 of the total area. 

o The bottom floor was 80 m2, elevated by 0.35 m from the ground 

and had wall height of 2.6 m. The upper floor was 50 m2 and had a 

wall height of 2.4 m. The attic floor was also 50 m2 and it consisted 

in a roof that had a height of 1.4 m.    

o In the current study, the chamfer nor the chimney shown in the plans 

were no considered in the simulation model.   

 U-values: 

The U-values were different depending on whether it was the new part or 

the old one. In each case, there were U-values for the next elements of 

construction: 

o External walls: It represented those walls that were in contact with 

the outdoor temperatures. 

o Internal walls: The walls that separated different rooms. 

o Floor: It was the bottom layer for each level. 

o Roof: In the old part it represented the real roof and the top layer in 

the entrance whereas in the new part it was the value for the balcony 

floor.  
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o For the windows, the U-value was always the same, independent of 

the location. The U-value considered was 2.9 (W ⋅ m-2 ⋅ K-1). The 

window was a two pane 2 4 mm glass having and air gap of 12 mm 

in between.  

 Ventilation: 

The ventilation rates were different for the old and new part. For the rooms 

in the new part, only exhaust air was considered with a flow of 0.35 l/s. On 

the other hand, in the old part of the building, there was no mechanical 

ventilation. The infiltration method was selected as “Fixed infiltration” and 

the value agreed on was 0.7 ACH (Air Changes per Hour). 

 Tap hot water: 

In this case, it was considered a total amount of water consumption for a 

building of 50 m3 per year. One-third of which was domestic hot water 

requirements, which meant around 45 liters per day (17 m3 per year). 

Additionally, the cold water was assumed to be at 5 °C while the tap hot 

water had to be at 55 ° C. 

 Schedule: 

For those parameters that required control by schedule, the choice was a 

living house where from Monday to Friday, nobody was at home from 8 to 

15. On the weekend, the schedule considered people at home during the 

whole weekend. 

Besides, all the windows were set as never open whereas the doors were 

fixed as always open, except for the entrance doors and the balcony one, 

which were never open. These assumptions were based on previous personal 

experiences with IDA ICE for inhabited buildings. 

 Internal gains: 

The three main components were configured regarding a schedule as a 

living house. 

o Occupant: Only one occupant. 

o Lighting: For the kitchens, living room and bedroom the rated input 

was 60 W. For the bathroom was 40 W. For the other rooms, the 

value was 10 W. 

o Equipment: Only in kitchens (100 W each) and living room (25 W) 

the equipment effect was considered. 
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 Climate data: 

With the aim of having data as accurate as possible, the location for the 

building, as well as the climate data, was Söderhamn, Sweden. Concerning 

the climate data, it involved dry-bulb temperature, relative humidity of air, 

solar irradiance, wind speed and cloudiness. 

By using this location, it was not necessary to search the specific data 

because IDA ICE had by itself the values for some places. It simplified the 

model calculations. 

 Simulation: 

The simulation was run for the last three years (2015, 2016, 2017).The 

results presented were the average for the three years. 

3.3.2 MATLAB 

The software version was R2017b, and the license type was academic. 

All the data were configured as vectors where each column represented a month. 

The code can be checked in Appendix D. Here only values used, and the steps 

followed when running the program as well as some considerations have been 

explained. 

 Irradiance array: 

The data came from the electricity handbook [46]. The parameters were 

settled as Uppsala, south-east orientation, 75 degrees (best winter 

performance). 

Uppsala was chosen because it was the closest place to the current location. 

South-east orientation was the roof orientation for the building under study. 

The orientation for the data was 22.5 degrees whereas the building was only 

15 degrees, which also decreased the accuracy. The collector inclination 

was agreed at 75 degrees for two main reasons. First, it was to ensure that 

the snow does not accumulate on the collector. Second, this inclination 

helped to avoid the overheating in summer and to maximize energy 

production potential during the winter.  

 Solar hours array: 

This information was desired to obtain the power values from the irradiance 

data (kWh) with the purpose of using them later in Eq.  16. The values came 

from [47] .  

In addition, the solar hours per day for each month could be used by dividing 

them into the number of days per month. 
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 Ambient temperature array: 

The values, in °C, came from [48]. They represented the average values 

per month. 

 Glycol temperature variation in the flat solar collector: 

Considering a solar collector as a heat exchanger it could be studied 

according to: 

∆𝐻 = 𝑚 ∙ 𝑐𝑝 ∙ ∆𝑇 

Eq.  21 

Where 

∆H= Entalpy variation. Heat transferred to the fluid [W] 

m= mass flow [kg ⋅ s-1] 

cp= fluid specific heat [W ⋅ kg-1 ⋅ °C-1 ] 

∆T= Target temperature minus input temperature [°C] 

The control devices measured the input and output temperatures values for 

the glycol or fluid that was flowing through the solar collector. The input 

and target temperature was considered input parameters. Thus, for each 

amount of heat (W) that the collector was generating, the glycol mass flow 

had to increase or decrease (considering cp constant) to ensure the 

predetermined ∆T . 

For that purpose, the temperature variation was agreed as a Tm value: 

𝑇𝑚 =
𝑇𝑖𝑛𝑝𝑢𝑡 + 𝑇𝑡𝑎𝑟𝑔𝑒𝑡

2
 

Eq.  22 

Where 

Tm= Mean temperature of collector fluid [°C] 

Tinput= Collector fluid measured temperature when it is entering in 

the collector [°C] 

Ttarget= Collector fluid target temperature when it leaves the 

collector [°C] 

 

When calculating, the value settled was Tm. Then, by measuring Tinput, 

Ttarget was calculated thanks to Eq.  22. Once Tinput and Ttarget were 

known, the temperature variation (∆T) was also known. 
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Considering that the irradiance was being measured next to the solar 

collectors, the amount of heat (∆H in Eq.  21) that the collectors could obtain 

was estimated. 

 Hence, the mass flow required was calculated according to Eq.  21. 

In addition, by settling Tm, it was ensured that even when the glycol input 

temperature was 0 °C, the output temperature was around 100 °C (the limit 

temperature for this kind of high performance flat solar collector) because 

the maximum Tm considered was 52 °C.  

 Equation:  

The equation used (Eq.  16) determined the amount of power that the solar 

collector could catch. The parameters were the solar collector main 

characteristics, the irradiance values, the ambient and Tm temperature and 

the factor kia which is considered typically as 1 [37]. This calculation was 

run 12 times (12 months) in a loop. 

 Results: 

By comparing the energy from the solar collector and the demand array, it 

was possible to determine the energy that the heat pump had to provide each 

month.  

3.3.3 Excel tool 

The excel tool corresponded to the name “Layout_heat_pump_2.52” [43]. It was 

consulted for the last time on 11 May 2018. In Appendix E, the data can be checked. 

The tool was simple to use, and the central section of its report was the heating 

demand (Figure 21). 
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Figure 21. Heat pump heating demand according to the design temperature 

Some assumptions were made. The selected location, according to the tool available 

options was Stockholm as the closest one. The switch-off time was set as none. The 

domestic hot water per day was set as 40 liters instead of 45 liters. This may have 

influenced on the accuracy of the results.  
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4 Results 

In this chapter, the most remarkable results have been explained to evaluate the 

cottage´s heating requirements, the solar collectors´ performance and number of 

collectors needed, and the heat pump size. Besides, an economic analysis of the 

obtained combi system has been reported in this section. 

4.1 Heating demand 

The results obtained from the IDA ICE simulation regarding the heating losses and 

tap hot water demand have been illustrated in Table 2. The minus symbol (-) 

represents energy demand. 

Table 2. Heating losses and hot water demand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to Table 2, the annual greatest heating losses (17 658.8 kWh ), 

corresponded to the variable “envelope and thermal bridges performance”. The 

effect of this parameter was more significant during the winter season (December, 

January and February), where each month more than 2 000 kWh were lost. 

“Infiltration and openings” represented the second highest heating losses. 

11 663.8 kWh per year were lost and also the greatest values were in winter months. 

Regarding the variable “internal walls and masses”, the annual heating losses 

reached 36.6 kWh and during some months there were heating gain. On the other 

hand, the parameter “windows and solar” reported a positive net value of 62.3 for 

a year performance. In this variable were considered both the transmission losses 

through the windows and the heating gain due to the radiation from the sun. 

kWh 
Envelope & 

Thermal Bridges 
Internal Walls 

and Masses 
Windows 
& Solar 

Infiltration & 
Openings 

Tap hot 
water 

Jan -2 273.2 0.2 -1 008.7 -1 441.3 -84 

Feb -2 047.5 -14.1 -656.5 -1 285.9 -75.9 

March -1 775.7 -14.1 -135.8 -1 100.4 -82.8 

April -1 490.0 -65.5 324.7 -938.9 -82.8 

May -1 094.0 -62.0 811.1 -729.7 -82.8 

June -976.0 -43.7 861.2 -675.7 -80.4 

July -980.7 59.6 753.9 -702.7 -85.2 

August -904.8 13.8 676.1 -659.0 -82.8 

Sept -934.5 43.5 269.8 -698.5 -81.6 

Oct -1 241.7 8.0 -66.1 -853.6 -84 

Nov -1 702.1 24.6 -687.6 -1 135.9 -80.4 

Dec -2 238.6 13.3 -1 080.0 -1 442.1 -85.2 

TOTAL -17 658.8 -36.6 62.3 -11 663.8 -987.9 
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Concerning the domestic hot water, the total heating demand per year was 

987.9 kWh. The highest demand, 85.2 kWh, occurred in December whereas the 

lowest, 75.9 kWh, corresponded to February. 

On the other hand, IDA ICE also permitted to calculate the internal gains (occupant, 

equipment and lighting). 

Table 3. Internal heating gains 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As it has been illustrated in Table 3, the greatest heating gain was as consequence 

of the “lighting” (4 075.13 kWh/year). All the values per each month showed 

similar values because the highest gain was 348.03 kWh in January whereas the 

lowest one was 315.5 kWh in February. As regard the “equipment”, it was possible 

to obtain 3 744.63 kWh per year and the gain per month varied from 289.9 kWh in 

February to 319.8 kWh in July. The “occupant” variable reported a heating gain of 

2 367.7 kWh per year. In this case, 178 kWh in February was the lowest value and 

208.67 kWh in August was the greatest heating gain regarding this parameter. 

According to IDA ICE calculations, the heating demand was the difference between 

losses and internal gains. However, internal gains have been evaluated considering 

that their effect contributed to decrease the space heating demand. They did not 

have influence to the domestic hot water demand. 

The final domestic hot water and space heating demand have been illustrated in 

Table 4. 

 

 

 

 

kWh    

Occupant Equipment Lighting 

Jan 196.30 319.80 348.03 

Feb 178.00 289.90 315.50 

March 196.90 315.27 343.10 

April 193.93 309.30 336.60 

May 202.43 318.30 346.40 

June 197.83 304.80 331.70 

July 199.40 319.80 348.03 

August 208.67 316.80 344.73 

Sept 200.73 306.30 333.30 

Oct 205.07 319.73 347.93 

Nov 191.63 306.33 333.40 

Dec 196.80 318.30 346.40 

TOTAL 2 367.70 3 744.63 4 075.13 



 
 39  

 

 

Table 4. Heating requirements per month (kWh) 

 

According to Table 4, the greatest heating demand occurred in December and 

January with 3 971.1 kWh and 3 942.8 kWh respectively. For these two months, as 

well as for February, March, April, October and November, the space heating 

demand was considerably (more than ten times) higher than the tap hot water 

demand. In May and September the space heating demand was also higher than the 

domestic hot water but not more than three times in May and six times in 

September. In the summertime (June, July and August), where the highest demand 

was 87.8 kWh in July, the most significant contribution corresponded to the 

domestic hot water. The annual lowest heating demand occurred in June, where 

80.5 kWh were required, of which only 0.1 kWh were space heating demand.  

To sum up, the total heating demand per year was 20 097.6 kWh. 

 

4.2 Solar collectors 

In this subsection, the results concerning the solar thermal collectors have been 

explained. The final system size (number of collectors), the energy that was 

possible to obtain each month and the solar fraction were illustrated in different 

figures and tables. For further details, there have been attached more results in 

Appendices.  

According to the sizing criteria explained in the method chapter, by using one solar 

collector, the energy obtained corresponded to less than a third of the demand in 

summertime. Thus, the following simulations have been run considering three solar 

collectors and a total aperture area of 6.99 m2. The total energy generated as well 

as some input parameters have been illustrated in Table 5. Irradiance values, days 

per month, solar hours per day, Tm values and ambient temperature corresponded 

to input data and the energy collector row represented the obtained values after 

simulate. For further information, the MATLAB code have been attached in 

Appendix D. 

Month January February March April May June July August Sept. October Nov. Dec. 

Space Heating 3 858.8 3 220.6 2 170.8 1 329.9 207.5 0.1 2.6 3.8 479.4 1 280.7 2 669.6 3 885.9 

Tap Hot Water 84.0 75.9 82.8 82.8 82.8 80.4 85.2 82.8 81.6 84.0 80.4 85.2 

Total Heating Demand 3 942.8 3 296.5 2 253.6 1 412.7 290.3 80.5 87.8 86.6 561.0 1 364.7 2 750.0 3 971.1 
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Table 5. Solar calculations summarised. Energy from the solar collector 

 

According to Table 5, the total amount of energy that was possible to obtain thanks 

to the solar thermal collectors were 1 868.5 kWh per year. The lowest energy 

generation occurred in December where only 75.8 kWh were obtained. The highest 

value corresponded to March, where 272.65 kWh came from solar energy.  

The energy obtained in June, July and August were 79.63 kWh, 84.62 kWh and 

84.78 kWh respectively, and according to Table 6, those values almost represented 

the 100 % of the total demand. 

 Table 6. Solar fraction per month 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Irradiance 

(kWh⋅m-2 

⋅ day-1) Days/month Solar_hours/day 

Tm (°C)= 

(Ti+To)⋅0.5) 
; Selected 

Tamb 
(°C) 

Energy_Collector 

(kWh ⋅ month-1) 

 

 
0.98 31 1.5 30 -2.8 76.6  

 
2.07 28 2.9 30 -3 155.42  

 
3.21 31 5.0 30 0.1 272.65  

 
3.84 30 6.8 40 4.6 183.88  

 
4.33 31 9.5 40 10.7 245.53  

 
4.04 30 10.3 48 15.6 79.63  

 
4.02 31 9.6 51 17.2 84.62  

 
3.72 31 8.1 52 16.2 84.78  

 
3.21 30 6.2 40 11.9 233.61  

 
2.03 31 3.4 30 7.5 216.38  

 
1.38 30 1.3 30 2.6 159.58  

 
0.78 31 1.0 30 -1 75.8  

 

     Total_year (kWh)  1 868.5 

Solar Fraction % 

January 2 

February 4.7 

March 12.1 

April 13 

May 84.6 

June 98.9 

July 96.4 

August 97.9 

September 41.6 

October 15.9 

November 5.8 

December 1.9 
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As have been demonstrated in Table 6, any month the solar fraction was higher than 

100 %. Thus, the energy obtained from the solar collectors never exceeded the total 

heating demand for that month. The lowest solar fraction corresponded to 

December, 1.9 %. On the other hand, in June the heating requirements were fulfilled 

by solar energy at 98.9 %. Besides, from May to September, the solar fraction was 

higher than 40 % whereas during the other months it did not reach 20 %.  

Regarding the domestic hot water tank, according to the advices from simulation 

tools (see method chapter), the tank volume was estimated to be no bigger than 100 

liters.    

 

4.3 Heat pump 

In the current subchapter, the heat pump requirements have been illustrated (Table 

7). In addition, the final choice of the commercial heat pump and the strategy to 

follow were settled. 

Table 7. Heat pump requirements 

 

As it was explained in the method chapter, once the energy from the solar collectors 

were known, the rest of the heating demand had to be fulfilled by the heat pump.  

 

According to Table 7, the total amount of heat that the heat pump had to provided 

were 18 229.1 kWh per year. By analysing each month, the highest requirement 

occurred in December with 3 895.3 kWh, whereas the lowest demand corresponded 

to June. Besides, it has been portrayed that the heat pump was mainly needed from 

October to April, where it had to supply more than one thousand kWh each month. 

 Month Heat pump (kWh ⋅ month-1) 

 January 3 866.2 

 February 3 141.1 

 March 1 980.9 

 April 1 228.8 

 May 44.8 

 June 0.9 

 July 3.2 

 August 1.8 

 September 327.4 

 October 1 148.4 

 November 2 590.4 

 December 3 895.3 

Total (kWh/year)  18 229.1 
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In order to reach the 18 229.1 kWh, the final choice for the heat pump was the 

model WPL 18 E (Appendix F) from the company Stiebel Eltron [49].  

The total energy per year that the Excel tool calculated was 18 281 kWh for the heat 

pump and 0 kWh for the internal electric resistance, which meant that the heat pump 

provided all the heat required (monovalent operating mode). More details have been 

reported in Appendix E.  

As a combi system, the operation strategy had to consider how to implement both 

solar collectors and the heat pump and coordinate them in relation to the domestic 

hot water and space heating demand. The layout considered has been illustrated in 

Figure 22. 

 

Figure 22. Strategy scheme 

The strategy was developed considering the following statements: 

 The energy from the sun warmed the glycol that was flowing through the 

collectors, and it left them at a higher temperature than it came into. The 

hot glycol entered in the heat exchanger one (HE1) (Figure 22), where 

potable water was also flowing but in the opposite direction (counter-

current). The cold glycol was again pumped by P1 (Figure 22) to the solar 

collectors. In the domestic hot water (DHW) tank, the hot water left the 

tank at 55 °C and potable water was entering at 5 °C from the tank bottom. 

The cold water was always pumped to the HE1 to increase its temperature.  
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 When the DHW demand was higher than the energy from the solar 

collectors, cold water was pumped through P3 (a reversible pump) (Figure 

22) to the heat exchanger 3 (HE3) (Figure 22), where it could get energy 

from the heat pump to come back to the DHW tank. 

  If the energy from the solar collectors exceeded the DHW demand, hot 

water from the tank went through HE2 (Figure 22) to transfer heat and, with 

the help of the heat pump, satisfy the space heating (SH) demand. 

According to the sizing criteria, it was ensured that never the energy 

generated from solar collectors surpasses the total heating demand. 

 The heat pump performance consisted of covering the demand that the solar 

collectors could not reach, whether space heating or domestic hot water. 

Table 8. Strategy truth table 

 

The strategy has been summarised in Table 8. In it the two operation modes were 

included: 

 Option 1: When the energy from the solar collectors did not reach the 

DHW demand, the heat pump had to fulfil it as well as supply the SH 

demand. 

 Option 2: When the energy from the solar collectors exceeded the DHW 

demand, to avoid overheating it had to supply also the SH demand. 

 

4.4 Economic analysis 

In this subsection, some economic values have been portrayed.  In Table 9, the 

prices, from the different manufacturers, for the selected products have been 

summarised.  

Table 9. Cost for the main components 

 

As it was shown in Table 9, the most expensive component for the system was the 

heat pump with a cost of 93 150 SEK. On the other hand, the 100 liters tank cost 

5 000 SEK and the three solar collectors price was 15 750 SEK. 

 DHW demand SH demand 

Solar Energy < DHW 

demand 

Solar + Heat pump Heat pump 

Solar Energy > DHW 

demand 

Solar Heat pump + Solar 

Product Price (SEK) 

Vitosol 100-F (3 units) ≈ 15 750 ( 5 250 per unit  [50]) 

100 liters tank ≈ 5 000 [51] 

WPL 18 E ≈ 93 150 [52] 

TOTAL 113 900 
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According to the heat pump sizing, the purchase of energy (electricity for the heat 

pump) must be 7 282 kWh per year (Appendix E). For a total demand of 

18 229.1 kWh per year (Table 7), the variation in the energy cost comparing 

traditional electrical resistance heating and the new heat pump has been illustrated 

in Table 10. 

Table 10. Total cost depending on the heating source 

 

By using electrical resistance as heating source the annual cost was 24 245 SEK 

whereas the selected heat pump involved an energy cost of 9 685 SEK per year. By 

analysing the results, the heat pump permitted to save 14 560 SEK per year. Thus, 

for a total investment of 113 900 SEK, the payback period was set around 8 years. 

Heat source Öre/kWh Electricity 

purchased 

(kWh/year) 

Cost (SEK/year) 

Electrical resistance 133 18 229.1 24 245 

Heat pump WBL 18 E 133 7 282 9 685 
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5 Discussion  

According to the results, it can be said that the main aim was achieved 

successfully.  In the current study, the heating system that fulfils all the heating 

demands was sized and simulated satisfactorily. Besides, an economic analysis 

was done.  Solar thermal collectors and a heat pump were considered in the study 

and contrary to what was expected, the most suitable solution was to mix both 

technologies.  

The annual energy generation from the solar collectors represented the 9 % whereas 

the heat pump covered the 91 %. However, in the summertime (June, July, August), 

the 98 % of the energy demand was met by solar energy, which meant that only 

6 kWh had to be provided by the heat pump. 

In addition, the building heating demand was successfully calculated, but it had to 

be considered that some approximations were made such as the location for 

different computational tools. The results may deviate from the practical values, 

however, the difference may not be big because the locations used have similar 

climatic conditions. 

In the same vein, the heat pump sizing did not match 100 % with the heating 

requirements for the heat pump once the energy from the solar collectors was 

calculated. The difference was around 50 kWh/year. Thus the error was 0.25 % if 

the total heating demand was approximated as 20 000 kWh/year. However, other 

assumptions were made, such as considering no switch-off time or 40 liters of 

domestic hot water per day. Therefore, the error could be more significant. 

Regarding the payback period, it was possible to get commercial values for the 

products used (solar collectors, domestic hot water tank, and heat pump). The 

payback was estimated at around eight years, which may be considered acceptable 

since currently the building cannot be inhabited in winter, but with the new system 

installed the building is habitable year round. . On the other hand, the payback was 

likely to be greater due to the extra components for the installation, such as the heat 

exchangers or the pumps. 

Concerning previous studies consulted, this project could not be done in the same 

way as others. When analysing the heating demand but also an alternative heating 

supply, it was critical to understand that each study may differ. The location, 

building properties as well as the heat supply resources predetermine the project´s 

characteristics. By reviewing the literature, many authors explained the thermal 

storages underground (especially vertical boreholes) for cold climates as one of the 

best alternatives but, while developing the current project, it arose that the total 

heating demand for the building was unlikely to justify the economic investment 

that the boreholes may have involved.  
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Additionally, the method was developed without considering any kind of the 

thermal storage options. If the choice of using boreholes were a feasible alternative, 

the method may have been entirely different. Remember that in this project, the 

maximum number of solar thermal collectors was limited by the month with the 

minimum heating demand due to avoid overheating in the system. The possibility 

of using vertical boreholes would have permitted to implement seasonal thermal 

storage, as it was contemplated for more significant projects in the literature review. 

The seasonal storage involves that by using more solar thermal collectors, it is 

possible to obtain more energy from the sun in the summertime and save it as 

thermal energy with the aim of being used later during winter season, when the 

space heating demand is higher. 
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6 Conclusions 

The conclusions for the current work are structured regarding the results, the 

possible development for the project in the future and some perspectives. 

6.1 Study results 

According to the results, it is feasible to satisfy the annual heating demand for the 

cottage in Vifors just by solar thermal collectors and a heat pump. Moreover, solar 

energy fulfils the 98 % of the total heating demand during summertime, which is 

mostly covering domestic hot water. Furthermore, the current solution involves a 

payback period no longer than eight years, though the investment cost only 

considers the main components.  

The sizing of the solar thermal collectors array is limited by the lowest heating 

demand, which occurs in June (80.5 kWh), and the whole method is configured 

around this fact.  

The current work can be used for similar buildings (dimensions and heating 

demand) where the connection with the district heating grid is not a possibility and 

when thermal  storage is not prioritized. The climate conditions (solar irradiance 

and temperatures) influence when sizing the solar collectors´ system and the heat 

pump. Thus, for sunnier locations, the solar fraction is likely to be higher.  

The hybrid solution compounded by solar thermal collectors and an air source heat 

pump may be a suitable heating system for a broad range of climates. In European 

context, it is limited for locations below the current latitude (60 °), because for 

higher latitudes the heat pump may not work for colder temperatures. 

6.2 Outlook 

The current work is likely to be further developed in the future. Due to the time 

limitations, other alternatives are not studied more in-depth, which does not help to 

achieve the best solution.  

Notwithstanding, the present solution can be considered as feasible up to this point. 

Now it is time to increase the accuracy and study the heating demand and generation 

day per day or even hour per hour. In addition, the whole heating facility should be 

sized, regarding plumbing, electronic control devices and solar collectors’ 

installation. Therefore, a company specialised in these activities should be 

consulted to obtain an accurate budget. 
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Some assumptions are involved in this work, and they may affect the actual results. 

It would be interesting to discover how much they alter the results and also, evaluate 

the grade of accuracy required when studying alternatives heating supplies as in this 

projects. In the same vein, try to answer questions like “Should the irradiance and 

temperature data be measured in the accurate location? For how many years? Is it 

worth it?”. 

6.3 Perspectives 

Solar energy and efficient heat pumps can fulfil the heating demand for a small 

house successfully. Renewable energy sources should be prioritized because they 

are the  future energy sources.  

In accordance to this, this work contributes to reaching the global goals for 

sustainable development [53] and try to meet clean energy: targets 7.2 (increase 

global percentage for renewable energy), 7.3 (enhance energy efficiency) and 7.A 

(promote access to research, technology and investments in clean energy). 

Additionally, by having solar collectors, the dependency on external resources is 

decreased (Climate action, target 13.1 (Strengthen resilience and adaptive capacity 

to climate related disasters) [53]), thus, if a natural disaster affects the electricity 

grid, there is still heating coming from the sun. 

The change to a sustainable world cannot be understood as a “one hundred meters 

race”. Supplying heat for a small house in Vifors by solar energy and a heat pump 

may happen to represent one more step in a “marathon” where the whole world is 

involved. 
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Appendixes 

Appendix A: Building plans 

 

Figure 23. Ground floor plan 

 

Figure 24. First floor plan 



54 
 

 

 

Figure 25. Situation plan 
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Appendix B: Solar collector datasheet 

Technical Data Manual  

Model Nos. and pricing: see Price List 
Flat plate solar collectors for the harnessing of solar energy 

Panels with 25 ft.2 (2.32 m2) absorber surface 

 

VITOSOL 100-F Model SV1B and SH1B 
Flat plate solar collectors 

For vertical or horizontal installation on sloped and flat roofs. 

To produce domestic hot water or to supplement low-temperature 

heating systems or swimming pools via a heat exchanger. 

   
 

 

 

 



56 
 

5354 729 - 01     04/2016 

Product Information Vitosol 100-F Technical Data 

 Product Description 

Benefits 

■  High performance flat plate collector at an attractive   price, 

thanks to a highly-efficient selectively-coated   copper absorber. 

■  Suitable for many residential or commercial applications   

with vertical or horizontal versions available. Best suited  for 

DHW or pool heating. 

■  Rugged, high-quality construction using impact-resistant   

low-iron solar glass, copper piping and absorber,    aluminum 

frame and non-degrading thermal insulation. 

■  Permanently sealed and high stability through all-around   

folded aluminum frame and endless glass seal. 

■  Universal application on flat and sloped roofs or    

freestanding, vertical or horizontal installations,  connect up to 

12 collectors in one array for commercial   or residential 

systems. 

■  Fast installation with flexible connection pipes and   quick-

connect fittings. Prefabricated collector mounting   hardware 

ensures easy connection to roofs. 

■  Maximum system performance and reliability with a full   

range of solar system components designed to integrate  

seamlessly. 

■  Certified to the Solar Rating and Certification     

Corporation (SRCC) OG-100 Standard. CSA Energy   Efficiency 

Verification. 

■  Quality tested to Solar Keymark testing requirements.   Meets 

the requirements of the German “Blue Angel”   RAL UZ 73 

certificate of environmental excellence. 

 

Legend 

Solar glass cover, 0.13” (3.2 mm) thick 

Aluminum cover strip 

Continuous glass seal 

Copper absorber sheet 

Meander-shaped copper pipe 

Thermal insulation made from mineral fiber 

Non-coated aluminum frame sections 

Back panel made from aluminum-zinc coated sheet steel 

2 

 

Construction and function 

The main component of the Vitosol 100-F is the black chrome 

coated copper absorber. It ensures high absorption of solar 

radiation and low emission of thermal radiation. A meander-

shaped copper pipe, through which the heat transfer medium 

flows, is permanently embedded into the absorber. 

The heat transfer medium channels the absorber heat through 

the copper pipe. The absorber is encased in a highly insulated 

collector housing, which minimizes collector heat losses. The 

high quality thermal insulation provides temperature stability 

and is free from gas emissions. 

The cover consists of a solar glass panel with a very low iron 

content, thereby reducing reflection losses. The solar glass is 3.2 

mm thick, making it very resistant to weather influences. 

The glass is set into the collector frame with a continuous 

profiled seal, preventing water from penetrating into the 

collector. This ensures a long and reliable service life for all 

internal components. 

The collector housing consists of a one-piece non-coated 

aluminum frame into which the solar glass is permanently sealed. 

Up to twelve collectors can be joined quickly and easily to form a 

single collector array. For this, the standard equipment includes 

flexible connection pipes, sealed with O-rings (see picture below). 

A connection kit with clamping ring fittings enables the collector 

array to be quickly connected to the pipes of the solar circuit. The 

collector temperature sensor is installed in the solar circuit flow 

using a sensor well set. 

 

Flexible interconnection pipes 

Vitosol 100-F Technical Data Product Information 
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 Specification 
Vitosol 200-F  SV1B SH1B 

Total surface area ft2 (m2) 27.0 (2.51) 27.0 (2.51) 

Absorber surface area ft2 (m2) 25.0 (2.32) 25.0 (2.32) 

Aperture*1 ft2 (m2) 25.1 (2.33) 25.1 (2.33) 

Dimensions*2 
Width 
Height 
Depth 

in. (mm) in. 
(mm) in. 

(mm) 

41¾ (1056) 
93¾ (2380) 

2¾ (72) 

93¾ (2380) 
41¾ (1056) 

2¾ (72) 

Optical efficiency*3 % 75.4 75.4 

Heat loss coefficient U1 
Heat loss coefficient U2 

W/(m2.
K) 

W/(m2.
K2) 

4.15 
0.0114 

4.15 
0.0114 

Thermal capacity 
kJ(m2.

K) 
4.5 4.5 

Weight lb. (kg) 96.8 (43.9) 96.8 (43.9) 

Fluid capacity 
(heat transfer medium) 

USG  
(L) 

0.44  
(1.67) 

0.62  
(2.33) 

Maximum working pressure*4 psig (bar) 87 (6) 87 (6) 

Maximum stagnation temperature*5 °F (°C) 395 (196) 395 (196) 

Connection in. (mm) ¾ (22) ¾ (22) 

Requirements for installation surface and anchorage  Roof construction with adequate load capacity for 
prevailing wind forces 

*1 Important for system design considerations. 

*2 Dimensions rounded to the nearest ¼ inch. 

*3 Based on absorber surface area. 

*4 In sealed systems, operating pressure of at least 15 psig + 0.45 psig x static head (ft.)   (1.0 bar + 0.1 

bar x static head (m) must be present in the collectors in cold condition. 

*5 The stagnation temperature is the temperature which applies to the hottest point of the collector at a global     

 radiation intensity of 3412 Btu/h / 1000 W when no heat is conducted by the heat transfer medium. 

Model SV1B (Vertical mounting) Model SH1B (Horizontal mounting) 
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Legend 

CR  Collector return (inlet) 

CS  Collector supply (outlet) 

3 

Vitosol 100-F Technical Data 

 Standard Equipment/Accessories 
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Standard equipment 

Vitosol 100-F, Models SH1B and SV1B come fully assembled in shrink-wrap packaging and ready to be 

connected. 

Note:  Viessmann offers complete solar heating system       combi packages, as well as 

comprehensive design            support in order to facilitate the component    selection process. 

Accessories 

Accessories (individually packed, depending on order): 

Mounting hardware with technical literature 

Interconnection pipes with insulation 

General connection set 

Sensor well set 

Solar Divicon (pumping station for the collector circuit) 

Electronic differential temperature control 

Automatic air vent with air separator 

Fast air vent valve with tee and shutoff valve 

System filling manifold 

Solar hand pump 

Solar expansion tank 

Heat transfer medium 

Mounting hardware 

The mounting hardware consists of components required for the relevant method of installation, such as: 

Roof brackets, mounting plates, mounting rails, connecting elements for mounting rails, clamping bolts, 

screws and nuts. 

General connection set 

Required to connect solar collector to system piping.  

One set required per collector array - max. 269 ft2 (25 m2). 

Pipe connection set 

Required to connect multiple solar collectors. 

 

Sloped roof hardware 

Required for mounting collector directly onto shingled roof. Raises collector 3½” (889 mm) above the roof. 

 
Installation rail 

 
Flat roof hardware 

Required for freestanding, flat roof installations. 
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Solar Divicon 

Preassembled pumping station for solar collector circuit. 

Includes: 3-speed pump (2 sizes), pressure gauge, 2 thermometers, 2 ball valves, pressure relief valve, 

flow meter, 2 flow check valves, air separator, system fill manifold, and foam insulation cover. 

 

SCU 124/224/345 

Electronic differential temperature control for solar heating. 

 

Heat transfer medium 

Tyfocor non-toxic heating liquid for solar heating systems with active anti-corrosion and anti-ageing 

protection. 

Frost protection:...................... to -31ºF (-35ºC) Specific gravity at 68ºF (20ºC):... 1.032 to 1.035 g/cm3 

   to ASTM D 1122 

Viscosity at 68ºF (20ºC):.......... 6.5 to 8.0 mm2/s to DIN   

   51562  

pH value:................................ 7.5 to 8.5 to ASTM  

   D 1287 

Color:..................................... transparent, blue-green Container:............................... 5.3 USG (20 L) in a    

   disposable container 
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Appendix C: IDA ICE parameters 
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Appendix D: MATLAB 

MatLab code: 

clear all  
close all 
clc 
%Last modification: 12 May 2018; Mikel Lumbier Fernandez 
%demand kWh month 
Demand=[3942.77 3296.5 2253.6 1412.7 290.33 80.5 87.8 86.57 561 1364.73 2750 3971.1]; 

  
%Generation 
%%Irradiance considers:uppsala, south-east 22.5 degrees and 75 degrees inclination; 

http://solarelectricityhandbook.com/solar-irradiance.html 
% Units: [kWh/(m2*day)] 
Irradiance_day=1000*[0.98 2.07 3.21 3.84 4.33 4.04 4.02 3.72 3.21 2.03 1.38 0.78];  

%[Wh/(m2*day)] 
days_per_month=[31 28 31 30 31 30 31 31 30 31 30 31]; 
A=diag(days_per_month); 
Irradiance_month=Irradiance_day*A; %total energy per month (Wh/m2) 
Solar_hours_per_month=[45 80 155 205 295 310 298 250 185 105 40 30]; %https://weather-

and-climate.com/average-monthly-hours-Sunshine,arsunda-gavleborg-se,Sweden 
Solar_hours_per_day=Solar_hours_per_month/A; %Solar hour per each day of each month. It 

is considered the same hours per each day of the same month 
B=diag(Solar_hours_per_day); 
C=diag(Solar_hours_per_month); 
Irradiance_month_power=Irradiance_day/B; %W/m2. Irradiance power each month  

  
%Temperature ambient (ºC)Gävle each month (Source: 

https://www.yr.no/place/Sweden/G%C3%A4vleborg/G%C3%A4vle/statistics.html 
Ta_month=[-2.8 -3 0.1 4.6 10.7 15.6 17.2 16.2 11.9 7.5 2.6 -1]; 

  
    %%Collector parameters:03-05-2018-->Vessman 
    %%vitosol 100-F SV1B 
    %Aperture surface (m2); 
    Ac=3*2.33; 
    %Heat losses factors (W/(m2ºC)) UL or a 
    a1=4.15; 
    a2=0.114; 
    %Optical efficiency (n_o).  
    tau=0.96; 
    alfa=0.95; 
    n_o=0.744; 
    %Factor kia=1; Typically 1 
    kia=1; 

  
%ANUALLY performance 
qcoll_predicted_month=zeros(1,12); %W 
Heat_balance_month=zeros(1,12); %Solar energy per month in comparison with the monthly 

demand 
Tm_month=[30 30 30 40 40 48 51 52 40 30 30 30]; %ºC 
qcoll_energy_month=zeros(1,12); %kWh 
Heat_pump=zeros(1,12);  %kWh 
Savings=zeros(1,12);    %kWh 
Solar_part=zeros(1,12); %Solar fraction 

  
for i=1:12 
    qcoll_predicted_month(i)=Ac*((kia*n_o*Irradiance_month_power(i))-a1*(Tm_month(i)-

Ta_month(i))-a2*(Tm_month(i)-Ta_month(i))^2); 
    qcoll_energy_month(i)=qcoll_predicted_month(i)*C(i,i)/1000; 
    Heat_balance_month(i)=qcoll_energy_month(i)-Demand(i); 
    Savings(i)=Demand(i)+Heat_balance_month(i); 
    Heat_pump(i)=-1*Heat_balance_month(i); 
%     Solar fraction 
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    Solar_part(i)=qcoll_energy_month(i)/Demand(i); 
end 

  
% TOTAL_Energy_saved_solar kWh 
plot(qcoll_energy_month,'blue'); 
hold on  
plot(Demand,'red'); 
%Energy heat pump kWh 
figure; 
plot(Heat_pump); 
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Appendix E: Heat pump sizing 

Project data 

Project  

Name Heat Pump__Alternative energy supply study for a cottage in Vifors 

Street  

Postcode/Town  

Phone  

  

Customer  

Name Mikel Lumbier 

Street  

Postcode/Town Högskolan i Gävle 

Phone  

  

Project data  

Project.-Nr. 
 

Processed by 
 

System data 

Building  

Country Europe 

City Stockholm 

Weather station Stockholm  (Climate data Meteonorm 1995-2005) 

Design temperature -18 °C 

Building type Single family house 

Number of Persons 1 

Heating treshold 15 °C | Not-renovated building 
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Heat demand building 7.8 kW 

  

Heating  

Heat source Air 

Type WPL 18 E / cool 

Operating mode Monovalent 

Forward flow temperature 55 °C 

Heating Capacity Heat pump 8.0 kW 

Heating Capacity 2nd heat source 0.0 kW 

Covering ratio 2. heat source 100 % 

Control heat curve Außentemperaturgeführt 

System data 

Warm water  

Hot water generation Single family house without circulation 

Number of Persons 1 

Water consumption per day High demand (40 L) 

Heat source DHW with heat pump for heating 

Cylinder temperature 50 °C 

cold water 10 °C 

Up-time DHW 340 Days per year 

Loss factor distribution 1.05 

Covering ratio heat pump 100.0 %  

Covering ratio 2. heat source 100.0 % 

Energy consumption 2.44 kWh per day 

Dual-mode point 
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Heat demand building 7.8 kW 

Switch off time No switch off times 

Energy consumption 2.44 kWh per day 

Heating load with surcharges 7.8 KW 

Dual-mode point Mono-mode 

 

Design temperature [°C] 

Annual heat demand 

 

Heating power heat pump 18 281 kWh/a 

Heating 17 451 kWh/a 

Warm water 830 kWh/a 

Heat recovery  0 kWh/a 

Heating power 2. heat source 0 kWh/a 

Heating 0 kWh/a 

Warm water 0 kWh/a 
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Covering ratio heat pump 100.0 % 

The determination of the heating power is a calculation of heat demand, heat pump capacity and annual hours for each outside temperature. Internal & solar gains and set-back periods are 

not considered. 

 

Design temperature [°C] 

Annual heat demand Heating 

Temperature 

[°C] 

Heat demand 

[KW] 

Heating Capacity 

[KW] 

Yearly hours 

[h/a] 

Annual heat demand 

[kWh/a] 

Heating power HP 

[kWh/a] 

Heating power 2. HS 

[kWh/a] 

< -20 7.8 0.0 0 0.0 0.0 0.0 

-20 7.8 7.4 0 0.0 0.0 0.0 

-19 7.8 7.7 0 0.0 0.0 0.0 

-18 7.8 8.0 8 62.4 62.4 0.0 

-17 7.6 8.0 11 83.2 83.2 0.0 

-16 7.3 8.3 16 117.2 117.2 0.0 

-15 7.1 8.6 4 28.4 28.4 0.0 

-14 6.9 8.9 5 34.3 34.3 0.0 

-13 6.6 9.2 13 86.0 86.0 0.0 

-12 6.4 9.2 14 89.3 89.3 0.0 

-11 6.1 9.4 16 98.3 98.3 0.0 

-10 5.9 9.7 43 254.1 254.1 0.0 

-9 5.7 10.0 69 391.4 391.4 0.0 

-8 5.4 10.3 72 391.4 391.4 0.0 

-7 5.2 10.3 82 426.4 426.4 0.0 
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-6 5.0 10.5 119 590.7 590.7 0.0 

-5 4.7 10.8 162 765.8 765.8 0.0 

-4 4.5 11.1 193 866.7 866.7 0.0 

-3 4.3 11.3 236 1 004.1 1 004.1 0.0 

-2 4.0 11.3 265 1 064.8 1 064.8 0.0 

-1 3.8 11.5 378 1 429.5 1 429.5 0.0 

0 3.5 11.7 308 1 092.0 1 092.0 0.0 

1 3.3 11.9 388 1 283.9 1 283.9 0.0 

2 3.1 12.1 385 1 183.0 1 183.0 0.0 

3 2.8 12.1 344 975.7 975.7 0.0 

4 2.6 11.9 346 899.6 899.6 0.0 

5 2.4 11.8 318 751.6 751.6 0.0 

6 2.1 11.5 335 712.6 712.6 0.0 

7 1.9 11.3 361 682.6 682.6 0.0 

8 1.7 11.3 328 542.7 542.7 0.0 

9 1.4 11.9 264 374.4 374.4 0.0 

10 1.2 12.6 334 394.7 394.7 0.0 

11 0.9 13.0 341 322.4 322.4 0.0 

12 0.7 13.4 320 226.9 226.9 0.0 

13 0.5 13.4 329 155.5 155.5 0.0 

14 0.2 13.6 293 69.3 69.3 0.0 

15 0.0 13.9 277 0.0 0.0 0.0 

16 0.0 14.2 277 0.0 0.0 0.0 

17 0.0 14.5 235 0.0 0.0 0.0 

18 0.0 14.5 226 0.0 0.0 0.0 

19 0.0 14.8 228 0.0 0.0 0.0 

20 0.0 15.1 184 0.0 0.0 0.0 

> 20 0,0 15.4 633 0.0 0,0 0.0 

 8760 17 451 17 451 0 

Annual heat demand Warm water 

Temperature 

[°C] 

Yearly hours 

[h/a] 

daily requirements 

Warm water 

Annual heat demand 

[kWh/a] 

Heating power HP 

[kWh/a] 

Heating power 2. HS 

[kWh/a] 

< -20 0 0.00 0.0 0.0 0.0 

-20 0 0.00 0.0 0.0 0.0 
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 0 0.00 -19 0.0 0.0 

-18 8 0.31 0.8 0.8 0.0 

-17 11 0.43 1.0 1.0 0.0 

-16 16 0.62 1.5 1.5 0.0 

-15 4 0.16 0.4 0.4 0.0 

-14 5 0.19 0.5 0.5 0.0 

-13 13 0.50 1.2 1.2 0.0 

-12 14 0.54 1.3 1.3 0.0 

-11 16 0.62 1.5 1.5 0.0 

-10 43 1.67 4.1 4.1 0.0 

-9 69 2.68 6.5 6.5 0.0 

-8 72 2.79 6.8 6.8 0.0 

-7 82 3.18 7.8 7.8 0.0 

-6 119 4.62 11.3 11.3 0.0 

-5 162 6.29 15.4 15.4 0.0 

-4 193 7.49 18.3 18.3 0.0 

-3 236 9.16 22.4 22.4 0.0 

-2 265 10.29 25.1 25.1 0.0 

-1 378 14.67 35.8 35.8 0.0 

0 308 11.95 29.2 29.2 0.0 

1 388 15.06 36.8 36.8 0.0 

2 385 14.94 36.5 36.5 0.0 

3 344 13.35 32.6 32.6 0.0 

4 346 13.43 32.8 32.8 0.0 

5 318 12.34 30.1 30.1 0.0 

6 335 13.00 31.8 31.8 0.0 

7 361 14.01 34.2 34.2 0.0 

8 328 12.73 31.1 31.1 0.0 

9 264 10.25 25.0 25.0 0.0 

10 334 12.96 31.7 31.7 0.0 

11 341 13.24 32.3 32.3 0.0 

12 320 12.42 30.3 30.3 0.0 

13 329 12.77 31.2 31.2 0.0 

14 293 11.37 27.8 27.8 0.0 
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15 277 10.75 26.3 26.3 0.0 

16 277 10.75 26.3 26.3 0.0 

17 235 9.12 22.3 22.3 0.0 

18 226 8.77 21.4 21.4 0.0 

19 228 8.85 21.6 21.6 0.0 

20 184 7.14 17.4 17.4 0.0 

> 20 633 24.57 60.0 60.0 0.0 

 8760 340 830 830 0 

Electricity requirement 

 

Electricity requirement heat pump 7 282 kWh/a 

Heating 6 985 kWh/a 

Warm water 297  kWh/a 

Ventilation 0  kWh/a 

Electricity requirement auxiliary heating 0 kWh/a 

Heating 0 kWh/a 

Warm water 0 kWh/a 

 

Design temperature [°C] 
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LAYOUT HEAT PUMP 

   

 

End energy  Heating 

   v2.52 

 Temperature 

[°C] 

Heating power HP 

[kWh/a] 

Heating power 2. HS 

[kWh/a] 

operating point 

- 

COP 

- 

Electricitiy heat pump 

[kWh/a] 

2nd heat source 

[kWh/a] 

< -20 0.0 0.0 A-20/W55 1.67 0.0 0.0 

-20 0.0 0.0 A-20/W55 1.73 0.0 0.0 

-19 0.0 0.0 A-19/W55 1.79 0.0 0.0 

-18 62.4 0.0 A-18/W55 1.85 33.7 0.0 

-17 83.2 0.0 A-17/W55 1.85 45.0 0.0 

-16 117.2 0.0 A-16/W55 1.89 62.0 0.0 

-15 28.4 0.0 A-15/W55 1.93 14.7 0.0 

-14 34.3 0.0 A-14/W55 1.99 17.2 0.0 

-13 86.0 0.0 A-13/W55 2.05 42.0 0.0 

-12 89.3 0.0 A-12/W55 2.05 43.6 0.0 

-11 98.3 0.0 A-11/W55 2.09 47.1 0.0 

-10 254.1 0.0 A-10/W55 2.13 119.5 0.0 

-9 391.4 0.0 A-9/W55 2.18 179.3 0.0 

-8 391.4 0.0 A-8/W55 2.24 174.8 0.0 

-7 426.4 0.0 A-7/W55 2.24 190.4 0.0 

-6 590.7 0.0 A-6/W55 2.28 259.6 0.0 

-5 765.8 0.0 A-5/W55 2.31 331.3 0.0 

-4 866.7 0.0 A-4/W55 2.37 366.3 0.0 

-3 1 004.1 0.0 A-3/W55 2.42 414.9 0.0 

-2 1 064.8 0.0 A-2/W55 2.42 440.0 0.0 

-1 1 429.5 0.0 A-1/W55 2.46 581.9 0.0 

0 1 092.0 0.0 A0/W55 2.49 438.1 0.0 

1 1 283.9 0.0 A1/W55 2.54 504.9 0.0 

2 1 183.0 0.0 A2/W55 2.59 456.2 0.0 
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3 975.7 0.0 A3/W55 2.59 376.3 0.0 

4 899.6 0.0 A4/W55 2.62 343.1 0.0 

5 751.6 0.0 A5/W55 2.65 283.5 0.0 

6 712.6 0.0 A6/W55 2.72 262.1 0.0 

7 682.6 0.0 A7/W55 2.79 245.0 0.0 

8 542.7 0.0 A8/W55 2.79 194.8 0.0 

9 374.4 0.0 A9/W55 2.86 131.0 0.0 

10 394.7 0.0 A10/W55 2.93 134.8 0.0 

11 322.4 0.0 A11/W55 3.02 106.7 0.0 

12 226.9 0.0 A12/W55 3.11 72.9 0.0 

13 155.5 0.0 A13/W55 3.11 50.0 0.0 

14 69.3 0.0 A14/W55 3.17 21.8 0.0 

15 0.0 0.0 A15/W55 3.23 0.0 0.0 

16 0.0 0.0 A16/W55 3.30 0.0 0.0 

17 0.0 0.0 A17/W55 3.37 0.0 0.0 

18 0.0 0.0 A18/W55 3.37 0.0 0.0 

19 0.0 0.0 A19/W55 3.42 0.0 0.0 

20 0.0 0.0 A20/W55 3.47 0.0 0.0 

> 20 0,0 0.0 A20/W55 3.51 0.0 0.0 

 17 451 0 2.50 6 985 0 

LAYOUT HEAT PUMP 

   

 

End energy  Warm water 

   v2.52 

 Temperature 

[°C] 

Heating power HP 

[kWh/a] 

Heating power 2. HS 

[kWh/a] 

operating point 

- 

COP 

- 

Electricitiy heat pump 

[kWh/a] 

2nd heat source 

[kWh/a] 

< -20 0.0 0.0 A-20/W55 1.67 0.0 0.0 

-20 0.0 0.0 A-20/W55 1.73 0.0 0.0 

-19 0.0 0.0 A-19/W55 1.79 0.0 0.0 

-18 0.8 0.0 A-18/W55 1.85 0.4 0.0 
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-17 1.0 0.0 A-17/W55 1.85 0.6 0.0 

-16 1.5 0.0 A-16/W55 1.89 0.8 0.0 

-15 0.4 0.0 A-15/W55 1.93 0.2 0.0 

-14 0.5 0.0 A-14/W55 1.99 0.2 0.0 

-13 1.2 0.0 A-13/W55 2.05 0.6 0.0 

-12 1.3 0.0 A-12/W55 2.05 0.6 0.0 

-11 1.5 0.0 A-11/W55 2.09 0.7 0.0 

-10 4.1 0.0 A-10/W55 2.13 1.9 0.0 

-9 6.5 0.0 A-9/W55 2.18 3.0 0.0 

-8 6.8 0.0 A-8/W55 2.24 3.0 0.0 

-7 7.8 0.0 A-7/W55 2.24 3.5 0.0 

-6 11.3 0.0 A-6/W55 2.28 5.0 0.0 

-5 15.4 0.0 A-5/W55 2.31 6.6 0.0 

-4 18.3 0.0 A-4/W55 2.37 7.7 0.0 

-3 22.4 0.0 A-3/W55 2.42 9.2 0.0 

-2 25.1 0.0 A-2/W55 2.42 10.4 0.0 

-1 35.8 0.0 A-1/W55 2.46 14.6 0.0 

0 29.2 0.0 A0/W55 2.49 11.7 0.0 

1 36.8 0.0 A1/W55 2.54 14.5 0.0 

2 36.5 0.0 A2/W55 2.59 14.1 0.0 

3 32.6 0.0 A3/W55 2.59 12.6 0.0 

4 32.8 0.0 A4/W55 2.62 12.5 0.0 

5 30.1 0.0 A5/W55 2.65 11.4 0.0 

6 31.8 0.0 A6/W55 2.72 11.7 0.0 

7 34.2 0.0 A7/W55 2.79 12.3 0.0 

8 31.1 0.0 A8/W55 2.79 11.2 0.0 

9 25.0 0.0 A9/W55 2.86 8.8 0.0 

10 31.7 0.0 A10/W55 2.93 10.8 0.0 

11 32.3 0.0 A11/W55 3.02 10.7 0.0 

12 30.3 0.0 A12/W55 3.11 9.7 0.0 

13 31.2 0.0 A13/W55 3.11 10.0 0.0 
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14 27.8 0.0 A14/W55 3.17 8.8 0.0 

15 26.3 0.0 A15/W55 3.23 8.1 0.0 

16 26.3 0.0 A16/W55 3.30 8.0 0.0 

17 22.3 0.0 A17/W55 3.37 6.6 0.0 

18 21.4 0.0 A18/W55 3.37 6.4 0.0 

19 21.6 0.0 A19/W55 3.42 6.3 0.0 

20 17.4 0.0 A20/W55 3.47 5.0 0.0 

> 20 60.0 0.0 A20/W55 3.51 17.1 0.0 

 830 0 2.79 297 0 

 

Climate data 

 

Country | City Europe | Stockholm 

Heating treshold 15 °C | Not-renovated building 

Annual heating days --- 

Yearly hours < 0°C 2 014 

Yearly hours < -5 °C 634 

Climate data Meteonorm 1995-2005 

LAYOUT HEAT PUMP 
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 -20 -15 -10 -5 0 5 10 15 20 

Design temperature [°C] 

v2.52 

Legal note 

Stiebel Eltron shall not provide any guarantees that the information, values and data provided, or values, information and recommendations 

determined with the aid or on the basis of such information, values and data, are complete, accurate, correct or current in every respect. 

Stiebel Eltron shall reserve the right to make changes to the data, values and information provided at any time and without prior 

notification. 

Errors excepted. Subject to changes. 

None of the information, values and data provided or the values, information and recommendations determined with the aid or on the basis 

of such information, values and data constitutes any basis for a financial decision or for any other purpose, but rather is merely initial non-

binding information as an initial guide. 

Under no circumstances should the following design tool be considered a substitute for consultation with Stiebel Eltron or another 

authorised expert engineer. 

Please contact Stiebel Eltron or another authorised expert engineer in relation to specific project design. Stiebel Eltron shall accept no 

liability for losses of any kind that may arise from the use of information, values and data provided, or values, information and 

recommendations determined with the aid or on the basis of such information, values and data. This exclusion of liability shall not apply 

if the loss is due to intent or gross negligence on the part of Stiebel Eltron or in the event of a fatality, physical injury or damage to health. 
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Appendix F: Heat pump datasheet 

  WPL 18 

E 

 227757 

Manufacturer  STIEBE

L 

ELTRON 

Energy efficiency class for central heating in moderate climates for medium temperature 

applications 
 A+ 

Energy efficiency class for central heating in moderate climates for low temperature applications  A++ 

Rated heating output in moderate climates for medium temperature applications kW 13 

Rated heating output in moderate climates for low temperature applications kW 12 

Energy efficiency for central heating in moderate climates for medium temperature applications % 121 

Energy efficiency for central heating in moderate climates for low temperature applications % 157 

Energy consumption of central heating in moderate climates for medium temperature applications kWh/

a 8684 

Energy consumption for central heating under moderate climatic conditions, for low temperature 

applications 
kWh/

a 6404 

Sound power level internal dB(A

) 
57 

Rated heating output in colder climates for medium temperature applications kW 14 

Rated heating output in colder climates for low temperature applications kW 13 

Rated heating output in warmer climates for medium temperature applications kW 12 

Rated heating output in warmer climates for low temperature applications kW 11 

Energy efficiency for central heating in colder climates for medium temperature applications % 111 

Energy efficiency for central heating in colder climates for low temperature applications % 143 

Energy efficiency for central heating in warmer climates for medium temperature applications % 137 

Energy efficiency for central heating in warmer climates for low temperature applications % 180 

Energy consumption for central heating under colder climatic conditions, for medium temperature 

applications 
kWh/

a 11972 

Energy consumption for central heating under colder climatic conditions, for low temperature 

applications 
kWh/

a 8929 

Energy consumption for central heating under warmer climatic conditions, for medium temperature 

applications 
kWh/

a 4592 

  WPL 18 E 

 227757 

kWh/

a 3294 



 

80 

 
 

Manufacturer  STIEBEL ELTRON 

Energy efficiency for central heating in moderate 

climates for medium temperature applications % 121 

Temperature controller class  VII 

Contribution of temperature controller to room 

heating energy efficiency 
% 3,5 

Room heating energy efficiency of composite system 

under moderate climatic conditions % 125 

Room heating energy efficiency of composite system 

under colder climatic conditions % 115 

Room heating energy efficiency of composite system 

under warmer climatic conditions % 141 

Value of differential between room heating energy 

efficiency under moderate climatic conditions and 

that under colder climatic conditions 
% 10 

Value of differential between room heating energy 

efficiency under warmer climatic conditions and that 

under moderate climatic conditions 
% 16 

Energy efficiency class for central heating in 

moderate climates for medium temperature applications 
 A+ 

Room heating energy efficiency class of composite 

system under moderate climatic conditions 
 A+ 

Energy consumption for central heating under warmer climatic conditions, for low temperature 

applications 

Sound power level external dB(A

) 
65 
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