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ABSTRACT  

The diploma thesis is divided into three parts. First part is analysis of the theme, 

objectives, and methods of solution which contains also theoretical part, second part is 

application of the topic at the solved building including detailed calculation and design 

of heating system, hot water preparation, two variants of renewable energy heat 

sources and their comparison which leads to the selection of the better heat source.  

Third part is project and it contains technical report of the selected variant and project 

documentation which includes all necessary drawings. 

ABSTRAKT  

Diplomová práce je rozdělena na tří částí. První částí je analýza tématu, cílů a způsobů 

řešení, která obsahuje i teoretickou část. Druhá část je aplikace tématu na řešeném 

objektu včetně podrobného výpočtu a návrhu otopné soustavy, přípravy teplé vody, 

dvou variant alternativních zdrojů tepla a jejich porovnání, které vede k výběru lepšího 

zdroje tepla. Třetí část je projekt a obsahuje technickou zprávu vybrané varianty a 

projektovou dokumentaci, která obsahuje všechny potřebné výkresy. 

KEY WORDS 

Heating, air-to-water heat pump, wood pellet boiler, hot water preparation, radiators, 

low temperature heating system, dimensioning and hydraulic balancing of the heating 

system, heat losses, heat transfer coefficient, circulating pump. 

KLÍČOVÁ SLOVA  
Vytápění, tepelné čerpadlo vzduch-voda, kotel na pelety, příprava teplé vody, radiátory, 

nízkoteplotní otopná soustava, dimenzování a hydraulické seřízení otopné soustavy, 

tepelné ztráty, součinitel prostupu tepla, oběhové čerpadlo. 
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      Introduction 

This diploma thesis deals with heating and hot water preparation of a new apartment 

building that is detached and located in the city of Olomouc in the Czech Republic using 

renewable energy sources. The apartment building has a basement and 3 above ground 

floors, which consist in total of 6 apartments. In the basement there are storerooms, 

technical room, two rooms that serve as private gym for inhabitants and a toilet.  

Part A deals with analysis of the topic and theoretical part, in which I talked about heat 

pumps and biomass boilers.  

In part B there are the calculations, which include heat transfer coefficient of each 

structure, heat losses of the building, preparation of hot water, the design of radiators, 

and the design of heat sources for the whole building in two variants, one variant is wood 

pellet boiler, and the other variant is air to water heat pump, which are then compared 

based on the environmental impact, economical costs, spatial requirements and user 

comfort, and subsequently one variant is selected. It also includes detailed dimensioning 

and hydraulic balancing of the heating system and the design of all other necessary safety 

equipments, devices and fittings. 

Part C is the project which includes technical report and drawings. 

A.  Analysis of the theme, objectives and methods of solution 

A.1. Analysis of the given topic 
The topic of the diploma thesis is the design and elaboration of heating system and hot 

water preparation using 2 variants of renewable energy sources. Both variants are 

assessed and compared based on the environmental impact, economical costs, spatial 

requirements and user comfort, and then the more suitable variant is selected for the 

project.  

The project is designed for an apartment building in the city of Olomouc, it has a 

basement and 3 above ground floors which consist of 6 apartments. In the basement 

there are corridors, storerooms, technical room, two rooms that serve as private gym for 

inhabitants and a toilet. 

Entrance door to the apartment building is located on the north side, it leads to entrance 

vestibule then to the staircase. In each above ground floor, we can find two apartments, 

eastern and western. Each apartment consists of vestibule, bathroom, toilet, washing 

machine room, living room combined with kitchen, and two bedrooms. Staircase is of U- 

shape with half space landing, which serves as entrance vestibule in first floor and as 

laundry drying room in second and third floor. 

The vertical load bearing structure of the apartment building is masonry made of ceramic 

blocks Porotherm, with thickness of 440 mm for peripheral walls, and 300 mm for 

internal load bearing walls. Partitions are made of Porotherm as well, thickness 115 mm. 

The wall between flats is made of two layers of solid concrete blocks with acoustic 

insulation in between. The horizontal load bearing structure is made of reinforced 
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concrete slabs thickness 220 mm. The building is constructed on concrete strip 

foundations and the top of the building is a flat roof that is insulated by mineral wool. The 

apartment building is insulated using ETICS system of thickness 150 mm.  

The outdoor temperature of Olomouc city is - 15°C for the most unfavourable condition. 

A.2. Normative and legislative requirements 
For elaborating the project the following technical standards, legal regulations were used: 

ČSN 73 0540 Thermal protection of buildings 

ČSN EN 12 831 Heating systems in buildings - calculation of heat output 

ČSN 06 0320 Heating systems in buildings - hot water preparation 

ČSN 06 0830 Heating systems in buildings - security equipment 

ČSN 06 0310 Central heating - design and installation 

ČSN 06 1101 Radiators for central heating 

ČSN 01 3452 Technical drawings - Installation - Heating and cooling 

ČSN EN 12828 heating systems in buildings – hot water heating systems design 

Decree No 193/2007 about the effectiveness of using energy in thermal energy 

distribution and internal distribution of thermal energy and cold 

Decree No . 264/2020 Sb. about energy performance of building. 

other related ČSN as amended. 

A.3. The aim,and the chosen methods of solution 
The aim of this diploma thesis is to design a suitable heating system with hot water 

preparation using renewable energy sources in two variants for the specified apartment 

building. One variant is wood pellet boiler, and the other variant is air to water heat 

pump, which then will be compared and subsequently the more suitable variant will be 

selected. 

In order for the system to be solved and designed, heat transfer coefficient of structures 

and heat losses with energy label of the object need to be calculated, which then will be 

followed by the design of heating sources and other heating devices and equipments 

such as accumulation tanks, radiators, pipes, fittings, safety equipments, circulating 

pumps, filters etc… , as well as the dimensioning and hydraulic balancing of the whole 

system. 

Both variants will be evaluated in terms of environmental impact, costs, user comfort, 

and space requirements. For this, annual energy demand and fuel consumption will have 

to be estimated. 

The whole solution will be based on valid technical standards, norms and legal 

regulations that are used in the Czech Republic, as well as manufacturers’ instructions. 
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It will all be summarized in the technical report, and all necessary drawings for the 

elaboration and realization of this project will be designed. 

I used Excel software for the calculations, and AutoCAD software for drawings, as well as 

word software for writing and text processing. 

A.4. Relevant technical solution in practice (Theoretical part) 

A.4.1. Introduction 

In the past several years using of renewable energy sources has been increasing fast as a 

way to replace using of fossil fuel. This increase is due to the efforts taken for saving the 

environment from pollution which is causing problems from climate damaging 

greenhouse gases to health endangering particles. Also, the decline in fossil fuel supply, 

which is leading to increase in energy prices, has been pushing the globe to find 

alternative ways for energy generation. And since heating consumption in households is 

very high and it is the second largest sector of energy consumption after transport [39], it 

is very important if we could produce the demanded heat for households by using 

renewable energy sources. 

 

Figure 1-energy consumption according to EU-28 2015[39] 
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Among the most commonly used renewable energy sources for heating in buildings are 

boilers that take energy from biomass, which includes wood, pellets, straw or even 

waste. Other common heat sources include heat pumps that use air energy, ground 

energy, as well as water energy. In the following chapter I will be talking about heat 

pumps and biomass boilers. 

A.4.2. Heat pumps  

A.4.2.1. Principle of heat pumps 
There is a large amount of low potential energy in the surrounding environment (in air, 

water and earth), this energy has low temperature that is not suitable for direct use. The 

principle of heat pump is to transfer the so-called low potential heat into useful heat. 

Therefore, heat pump is a device that does not produce thermal energy, but only 

converts it into a usable form. 

The working substance is a refrigerant that is constantly circulating in the device and 

changing its state cyclically. When air or water is brought to the evaporator, the heat is 

removed from air or water and given to a cooling medium or a refrigerant which 

evaporates at low temperature and turns into a gaseous state. Then compressor draws in 

the cooling medium and compresses it. As the pressure increases, temperature also 

increases, it is thus "pumped" to a higher temperature level. Electrical energy is required 

for this step. This energy increases the thermal potential of the cooling medium. Then, it 

gives up its total heat in the condenser to the medium with higher temperature on the 

other side which is usually heating water or air. This will lead to the condensation of the 

refrigerant, which is then choked in the expansion valve, so the pressure comes back to 

its original value and this cycle is continuously repeated. [1] 

 

                                    Figure 2-Principle of heat pumps[2] 

The whole device of a heat pump for heating purpose can be divided into three main 

parts: 

1. Primary circuit – it’s the part that supplies low-potential heat energy from the source 

to the evaporator. 
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2. Refrigerant circuit – it is the main part that helps in transferring the energy to a higher 

temperatures level. Refrigerants are used in this circuit. [1] 

3. Secondary circuit - the part that ensures heat distribution for heating purpose which 

contains usually heating water or air. 

A.4.2.2. Basic components of heat pumps 
1. Compressor:  

Compressor is the main working part of the heat pump, that fundamentally affects its 

efficiency. The compressor increases the pressure of the cooling medium from the 

pressure corresponding to the evaporating temperature to a value that corresponds to 

the condensing temperature in the condenser. It is usually powered by electricity, which 

increases the pressure and subsequently the temperature of the refrigerant. The energy 

in this way is transferred to a higher thermal level, which then can be used for heating 

and hot water preparation. Two types of compressors are normally used in heat pumps 

rotary compressor and scroll compressor. The rotary compressors are usually more 

stressed, and thus have shorter lifetime than scroll compressor, but they are cheaper 

that’s why they are still commonly used.[7] 

 

Figure 3 - rotary compressor for heat pump[5] 

2. Condenser: 

This part transfers heat from the cooling medium(refrigerant) to the heating medium of 

the system by a heat exchanger. The exchanger can be brazed plate or Tubular. During 

this process heat energy is taken from the refrigerant which causes it to condensate.[7]   
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                 Figure 4 - tube heat exchanger[1]                  

                           

Figure 5 - brazed plate heat exchanger[1] 

 

3. Evaporator: 

Evaporator is similar to a heat exchanger. On one side the low potential energy source 

passes, that could be water, or air and on the other side the cooling medium flows. Plate, 

ribbed and tubular heat exchangers are used for liquid medium, and tubular heat 

exchangers are used for air. 

The heat from the low potential energy source is transferred to the cooling medium, 

which causes it to gain low temperature and then the cooling medium with low 

temperature and at low pressure evaporates. The evaporation causes the refrigerant to 

even gain more heat through the walls of evaporator, but still its temperature is low to be 

used in heating.[7] 

4. Expansion valve 

It’s necessary to maintain the difference between high pressure side and low pressure 

side of the circuit and that’s fulfilled by the using of expansion valve. Expansion valves are 

thermostatically or electronically controlled. The function of an expansion valve is to 

regulate cooling medium flow from the condenser to evaporator. It also makes sure that 

the cooling medium is fully evaporated before it enters to the compressor.[7] 
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          Figure 6-thermostatically controlled expansion valve[1] 

 

 

 

            Figure 7-electronic expansion valve[6] 

A.4.2.3. Refrigerants and their effect on the environment 
Refrigerants are substances used in refrigeration devices, as well as in heat pumps. Old 

refrigerants used in the past were harmful to ozone layer and caused a big damage to it, 

therefore they were prohibited to be used. Due to the fact that refrigerants contribute to 

global warming, the European union regulates their use. [8] 

We have two important indicators for the effect of refrigerants on the environment. First 

indicator is GWP (global warming potential), that is used to measure the impact of a 

substance such as a refrigerant on global warming, which means the increase in earth 

atmosphere temperature due to the heat being bounced back to earth’s surface and 

trapped in the atmosphere. GWP expresses how many times a given gas contributes to 

the greenhouse more than CO2 gas. We can define the value of GWP by knowing the 

lifetime of a gas and its radiation properties.[9] 

Second indicator is ODP (ozone depletion indicator) which indicates the potential of a 

particular refrigerant to deplete the ozone layer, relative to the reference refrigerant, 

which is R11, and which has ODP = 1. If a refrigerant has ODP value higher than zero, it 

should be regulated. [8] 

Types of refrigerants include: 

1. Freon refrigerants  
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The most famous freon refrigerants include those with the generic designation CFC or 

HCFC, which were widely used in the second half of the 20th century. Because they 

contain chlorine and contributes to the global warming by destroying ozone layer, both 

CFCs and HCFCs are currently banned. Other Examples of these types of refrigerants 

include R11, R12, R13, R113, R114, R500, R124, R22, R401 and others.[8] 

2. F-gases 

Unlike the previous type of refrigerants, these refrigerants don’t contain chlorine and 

therefore don’t endanger ozone layer. However, both freons and F-gases contribute to 

the global warming [8]. 

One type of F-gas is the partially fluorinated hydrocarbon HFC, which is a group of 

substances containing carbon, hydrogen, and fluorine. They are artificial, odourless and 

colourless. In the following table there are examples of HFC refrigerants with the value of 

GWP.[8] 

Table 1 – Types of HFC refrigerants and their GWP value[8] 

 

3. HFO 

Another type of F-gases are HFO or Hydrofluoro-Olefins, which are new refrigerants that 

are produced on the basis of unsaturated hydrocarbons of alkenes and one double bond 
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between the carbon atoms in the molecule. Refrigerant R1234yf is one of the most 

common examples of this group. They are characterized by a very low GWP value and 

ODP equal to zero.[8] 

4. Natural refrigerants 

They are created during natural biochemical processes. They are the most 

environmentally friendly from all previous types because they do not harm ozone layer 

and do not even contribute to global warming, but only slightly in some cases. Natural 

refrigerants were used mainly in the 1950s, before other types of refrigerants such as 

freon refrigerants were created. Nowadays, they are being used again. Among the natural 

refrigerants we have ammonia, carbon dioxide, propane, isobutane, and ethane. Natural 

refrigerants other than carbon dioxide have one disadvantage, and that is flammability 

and toxicity.[8] 

A.4.2.4. Types of heat pumps 
According to the potential source of energy, we divide heat pumps into four types: 

1. Air to water heat pump: heat energy is taken from the outside air and subsequently 

used for heating system and hot water preparation. It is the most common type of 

heat pumps today, and the most suitable variant for a family house and small 

apartment buildings, since it doesn’t require intensive earthwork. In the lowland 

areas in the Czech Republic, the average temperature is around 4 ° C in winter which 

makes it ideal for the usage of air to water heat pump. Air to water heat pumps can 

overcome periods of lower temperatures either by their specific cooling circuit design 

or by the use of an additional heat source such as an integrated electric heating 

element, which is activated in the most unfavourable conditions to help the heat 

pump cover all required amount of heat.[10],[12] 

 

Figure 8-air to water heat pump[15] 

2. Ground to water heat pump: this type of heat pumps uses energy from the ground. It 

has two variants [10],[13]: 

A. Variant with deep boreholes: In this design, deep drilling of boreholes is 

performed to a depth of 80 - 200 meters. A plastic tube with flowing medium 

which has non-freezing properties is installed to the borehole, which transfers 
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heat from the ground to the evaporator in the heat pump. The number and depth 

of boreholes depends on the required heat output and the type of soil. The 

advantage of using boreholes is that it needs less area than the variant with flat 

earth collector, however intensive earthwork is needed anyway and that makes it 

more expensive.  

B. Variant with flat earth collector: which lies in a depth of 1-2 meters. Ground 

collectors use the heat from the ground massif as well as the heat energy from 

sunlight, so this variant needs a bigger area than the previous variant. 

The main advantages of ground to water heat pump are that it has steady 

performance throughout the year and the heating factor is higher than the one of 

air to water heat pump. As a result, electricity consumption is lower. The main 

disadvantages of ground to water heat pump are its higher price due to the 

earthwork involved and also the need of construction authorization for earthwork. 

            

 

             Figure 9-heat pump ground to water with boreholes[14]       Figure 10-heat pump ground to water 

with flat earth  collector[14] 

3. Water to water heat pump: Water-to-water heat pumps use groundwater as a low-

potential heat source or less commonly streams. This type of heat pumps is also 

suitable for larger buildings where waste heat from technological processes is 

generated. Therefore, we do not encounter much of this type in family houses. For 

using the energy from groundwater, we must have two wells, one which is the source, 

from which we take groundwater to the evaporator, and other which is seepage well 

for draining of cooled water. Water quality must be checked if it fulfils specific 

requirements, and the distance of both wells should be at least 10 m. In this system, 

we must also ensure the necessary water flow to prevent water from freezing in the 

evaporator. 

The realization of such wells is again expensive, like drilling deep boreholes, and we 

need construction authorization. This in turn brings us stable performance and a high 

heating factor.[11] 
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Figure 11-water to water heat pump[11] 

4. Air to air heat pump: this type of heat pumps has the same low-potential heat source 

as air-to-water heat pump. The difference is in that, it doesn’t use water as heat 

transferring medium, but it transfers heat to the inside air directly which makes its 

costs lower than previous pumps. 

However, the disadvantages of this type of heat pumps are that it can be noisy, we 

cannot use it for hot water preparation, and it is not suitable for a building with many 

rooms. Therefore, this type of heat pumps is used as an additional source of heating 

to other boilers. Also, it involves the construction of air distribution system under 

ceiling.[16] 

A.4.2.5. Modes of operation 
We can distinguish the following modes of operation of a heat pump [17]: 

1) Monovalent operation: the only source of heat for heating, and hot water preparation 

is the heat pump. The heat pump works throughout the heating season, with frequent 

starts and shutdowns. The acquisition costs of such a heat pump are too high, due to the 

fact that in monovalent mode the maximum output of the heat pump is designed for the 

most unfavourable conditions in winter, since the heat pump is the only source of heat 

used, and it must cover all heat demands even during the coldest days in winter.   

2) Alternatively bivalent operation: during the most unfavourable conditions (the coldest 

days in winter) the heat pump shuts down and another heat source such as a boiler is 

turned on. So, the heat pump in this mode works only during a part of the heating 

season. Usually, bivalent point for an air to water heat pump lies within temperature 

range -7 to -10 °C. 

3) Parallel-bivalent operation - The heat pump works all the time throughout the heating 

season, and during the lowest temperatures, when heat pump’s output is not enough, 

another heat source such as a boiler or electric heating element is turned on so then both 

heat sources work simultaneously.  
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4) Partially parallel-bivalent operation – during heating seasons the heat pump and 

another heat source such as a boiler are running together, but during the lowest 

temperatures only the heat pump shuts down and the second heat source keeps working. 

5) Monoenergetic operating mode, which means that heat loss of the building and heat 

output needed for hot water preparation are largely covered by the heat pump, but 

during the most unfavourable temperatures electric heating is turned on.[40] 

 It’s called monoenergetic because one form of energy, is used to run the main and the 

additional heat sources, so electricity is used to run the compressor of the heat pump, 

and also to run any additional electric heating element. So for example, if we used 

together with the heat pump additional heat source such as a wood gasification boiler, it 

would no longer be a monoenergetic operation. 

 

 

Figure 12-modes of operation of a heat pump[18] 

A.4.2.6. Heating factor 
Heating factor COP or coefficient of performance expresses the efficiency of a heat pump. 

Which is the ratio between the total energy output and the total electrical energy 

supplied for running the device. Depending on the type of heat pump, its value is 

normally within the range from 2,5 to 5. [1] 

 

                                           [3] 

 

where  

Φ – total heat output of the heat pump [kW] 

Pc - compressor electrical input [kW] 

Paux - electrical input required for overcoming evaporator and condenser pressure losses, 

evaporator defrosting, and for heat pump's own regulation [kW] 
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We can determine heating factor from laboratory measurements under different 

operating conditions which is done by choosing various evaporator input temperature, 

and output condenser temperature to cover a sufficient operating range. For air source 

heat pumps, we test the largest number of points, operating over a wide temperature 

range at the evaporator input (five values from −15 to +12 ° C), while in the case of heat 

pumps taking heat from water, they are usually tested only for two evaporator input 

temperatures. (10 °C, 15 °C).[4] 

 Table 2 - Possible test combinations of evaporator input and condenser output 

temperatures defined in ČSN EN 14511. [3] 

 

The nominal heating factor COP of a heat pump is always tested under standard 

conditions that are defined depending on the type of heat pump as follow [4]: 

- Air-water A2 / W35 (evaporator input air temperature 2 °C, condenser heating water 

temperature 35 °C) 

- Ground-water B0 / W35 (evaporator input temperature of brine 0 °C, condenser heating 

water temperature 35 °C) 

- Water-water W10 / W35 (evaporator input temperature of water 10 °C, condenser 

heating water temperature 35 °C) 

Table 3 - Minimum heating factors of heat pumps [4] 

 

A.4.2.7. Heat pumps regulation 
Equithermal regulation is very important to be used when heating by heat pumps. It 

increases the efficiency of heat pumps, which in return, reduces heat costs, and protect 

the environment. The equithermal regulation is built on the relationship between the 

actual outdoor air temperature, thermal properties of the heating element such as 

radiator, floor heating system, etc. that transfers heat to the room, the temperature of 

heating water flowing into this element, the temperature of heating water flowing out of 

the element and the amount of heating water flowing. As the outdoor temperature 

decreases, the temperature of the supplied heating water in the given heating system 
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increases to provide more heat into the rooms, which covers the extra heat loss due to 

lower outdoor temperatures or greater room heat loss. It’s important to realize that this 

relationship is not direct proportion of straight line.[37] 

To calculate the equithermal curve of regulation, it is possible to use online calculation 

tool on the portal TZB-info.[38] 

Equithermal curves describe the interdependence of heating water temperature, room 

temperature and outdoor temperature. Based on the required room temperature, a 

certain curve can be selected, and the heating water temperature can be regulated 

according to the outdoor temperature. 

To the specified calculation tool, we have to enter the data about indoor calculation 

temperature, minimum outdoor calculation temperature, maximum heating water supply 

temperature, maximum return water temperature, the system temperature exponent, 

which depends on the type of heating element, the condensing mode temperature and 

the user outdoor calculation temperature, and we can get equithermal curves such as in 

the following example – red curve represents the temperature of heating water, dark 

blue curve represents the temperature of return water, green curve represents the 

average temperature in heating system, light blue line represents condensation 

temperature, and brown line represents user’s outdoor temperature. [37],[38] 
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A.4.3. Biomass boilers  

A.4.3.1. Biomass definition and commercial forms 
Biomass is renewable organic material that comes from plants mainly, and also from 

animals. These include mainly wood, wood waste and wood products such as briquettes, 

pellets, which are most often used for heating of family houses, residential and 

administrative buildings. In industrial and agricultural operations straw and wood chips 

are widely used. Biomass also include animal excrement. 

It’s important to understand that Biomass consumption for heating is not emission-free, 

but it is CO2 neutral, because during the lifetime of the plant from which the biomass was 

obtained, it consumes the same amount of CO2 as it produces during the combustion 

process. And that makes it a green source of energy that doesn’t contribute to the global 

warming. [19] 

Commercial forms of biomass [20]: 

They are classified according to their size and way of preparation into: 

1. Pellets: with a diameter up to 25 mm. Prepared by mechanical pressing. 

2. Briquettes: with a diameter more than 25 mm. Prepared by mechanical pressing. 

3. Sawdust: with size 1 to 5 mm. Prepared by sharp cutting. 

4. Shavings: with a size of 1 to 30 mm. Prepared by planning the wood with sharp tool. 

5. Wood chips: with a size 5 to 100 mm. Prepared by cutting with sharp tools. 

6. Firewood: with a size of 100 to 1000 mm. Prepared by cutting with sharp tools. 
 

                           

                               Figure 14-wood pellets[21] 

 

 

Figure 15-sawdust on the left - wood shavings on the right[23] 

Figure 13-wood 

briquettes[22] 
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                                    Figure 17-wood chips[25] 

During the preparation of the project, it is necessary to find out more detailed 

information about the parameters and properties of the expected biomass used, such as 

[29]: 

- calorific value 

- bulk density 

- size of pieces  

- water content 

- ash content 

- volatile combustibles content 

- chemical composition of combustibles 

- chemical composition of ashes 

- properties of ashes 

- biomass price at the factory (without transport) 

- the price of biomass with transport 

- real delivery options and prices 

- method of storage, capacity of storage and space 

A.4.3.2. Ways of biomass usage 
1. Direct combustion:  

it is necessary to bring sufficient amount of oxygen into the combustion process so 

that all combustible components of fuel especially carbon and hydrogen are burned. 

The result of burning process is heat generation that can be used for heating and hot 

water preparation. The advantage of this process is that it is not necessary to do 

special treatment of biomass and it is possible to use fuel with higher moisture 

content. It is necessary to pay considerable attention to the optimal conditions during 

combustion and when cleaning the flue outlets, where it is necessary to control the 

emission of carbon monoxide and solids, in some cases also the emission of nitrogen 

oxides and organic substances. Direct combustion devices can range in power from a 

few kW to tens of MW. This type of combustion is most often used in classic biomass 

boilers, such as automatic wood pellet boilers, and fireplaces.[27] 

2. Pyrolysis 

Pyrolysis is thermal decomposition of organic substances that takes place with limited 

to no supply of oxygen. During pyrolysis, the organic compounds are heated above 

Figure 16-firewood[24] 
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the thermal stability limit which results in their decomposition into low molecular 

weight products and solid residues. 

Pyrolysis is divided according to the temperatures, during which the biomass is being 

burned, into: 

1. low temperature (<500 °C), 

2. medium temperature (500 - 800 °C), 

3. high temperature (> 800 °C). 

Rapid pyrolysis is one type of pyrolysis, and it is a very modern and effective 

technological process, which turns biomass such as wood and waste materials into 

substances of higher energy levels such as gases, solids, and liquids. Bio-oil is a 

product of rapid pyrolysis, and it can be used, after further purification and 

treatment, in industry, or for diesel engines and also it can be used as fuel oil for 

boilers or as fuel for electricity generation.[27] 

3. Gasification 

‘’Gasification is the course of several processes in which hydrocarbons with water 

vapor are gradually oxidized from the solid fuel and subsequently reduced to 

flammable gases, distillation products and mineral residue’’.[28] 

Gasification happens with limited amount of oxygen at temperatures in the range 

(800 °C to 900 °C) under atmospheric pressure, during which organic compounds are 

converted into a gas.  

Currently, two basic methods are used for biomass gasification, they are gasification 

in fixed bed generators and gasification in fluid generators. Both methods happen 

under atmospheric pressure. The calorific value of energy gas produced by biomass 

gasification ranges from 4 to 6 MJ / m3 , which can be used directly in combustion 

processes  in classical boiler burners, or after purification, it can be used in the 

combustion chambers of combustion turbines and combustion engines.[27] 

The processes of gasification are divided into the following zones[28]: 

fuel drying - fuel heating with water evaporation, 

pyrolysis - thermal decomposition of fuel into gas, condensing vapours, semi-coke, 

and then further thermal breakdown of vapor into gas and solid carbon, 

oxidation - partial oxidation of flammable gases, and solid carbon, 

reduction - gasification of solid carbon by steam or carbon dioxide. 
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Figure 18-processes of gasification inside of a reactor [28] 

One of the most common examples of gasification usage is wood gasification boiler. 

4. Carbonization 

It is a process of thermal conversion of biomass into charcoal that happens with no air 

supply. Charcoal is considered a renewable energy source due to the short carbon 

cycle comparing to fossil fuels. Charcoal contains small percentage of sulphur, it has a 

specific weight about 0,2 kg /m3, the ignition point is between 300 - 400 °C ,and 

calorific value around 27 MJ / kg.[27] 

A.4.3.3. Common types of biomass boilers 
       a) Automatic wood pellet boilers:  

these are widely common boilers in objects such as family houses, offices, apartment 

buildings, and workshops. They are highly efficient with efficiency around 90% and 

more. Heat output of a pellet boiler of a family house is usually in the range of 10 to 

30 kW and it can be automatically regulated according to the required temperature in 

the range of 30 to 100%. 

Heat from pellets combustion is transferred to the heating medium, which is often 

water, and then to the heating system and hot water preparation. Boiler output and 

other burner functions are controlled by an electronic control unit. 

Burner operation is fully automatic including automatic ignition and feeding. The 

pellets are transferred to the boiler automatically by an auger or pneumatic conveyor, 

which is connected to the pellet storage or container. In figure 21 we can see a simple 

scheme of the function of an automatic boiler. 

Pellets storage 

Pellets are usually stored inside of the building, in a separate storeroom with sloping 

floor 35-40  ͦ into the collecting gutter, or in a pellet storage container, made of 

textile, metal or other material. These two options are usually connected to the boiler 

by a conveyer or a feeder which helps in automatic feeding of pellets to the boiler. 
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However, sometimes pellets can be stored in bags near the boiler which are then 

gradually filled into a smaller boiler fuel storage.[30] 

 

Figure 19- basic ways of pellet storing[36] A. Pellet bags. B. Pellet storeroom. C. Pellet container. 

Wood pellet boilers should be maintained regularly. Heat exchanger should be 

cleaned, and ash should be removed regularly from the boiler. Some boilers have a 

function of automatic ash cleaning. 

 

Figure 20-automatic pellet boiler[30] 
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Figure 21-function scheme of automatic boiler[31] 

       B) Gasification boilers[31]: 

Gasification boilers use wood mainly as a fuel which passes through gasification 

process. At first, the wood in boiler’s fuel storage tank is dried and volatile 

combustibles(gases) are released from dry wood. The released volatile combustibles 

pass through the nozzle into the combustion chamber. Combustion air is usually 

supplied to the nozzle as well as to the fuel tank by means of a ventilator. The flue 

gases are discharged through the exchanger into the chimney, see figure 18 and 

figure 23. 

Time interval of fuel storage refilling is determined by the volume of the fuel storage, 

the degree of its filling and the properties of the fuel such as calorific value, 

combustion heat, etc… 

 

Figure 22- gasification wood boiler, ATMOS[32] 
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Figure 23-function scheme of gasification boiler[31] 

 

Refilling of fuel storage is usually done manually and regularly which makes it one 

disadvantage comparing to the automatic pellet boilers with auger or pneumatic 

conveyer, so they are mainly used in smaller houses. 

The wood must be burned as dry as possible, at least with a maximum humidity of up 

to 15%. Damp wood releases vapor during combustion, which causes condensation, 

which can be damaging to the boiler. 

     C) Stoves and fireplaces 

These heat sources are mainly used in households and kitchens as an additional 

source of heat. They are designed primarily for wood fuel such as wood logs and 

briquettes.  

We also have pellet stoves, which are used for heating individual rooms, smaller 

apartments and low-energy houses. If the pellet stove is supplemented with a hot 

water exchanger, it can also be used for heating other rooms or for preparation of hot 

water.[33] 
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  Figure 24-wood burning fireplace[34]                                Figure 25-wood burning stove[35] 

 

Conclusion: 

Using renewable energy sources in heating of buildings and hot water preparation is very 

important way to control global warming and protect the environment. Heat pumps is 

one great way of how we can extract clean energy from air, water and ground. When 

choosing water or ground source heat pump, it’s very important to remember the 

earthwork it involves and the need of construction authorization. To design a suitable 

heat pump for a building, it’s important to study and know possible modes of operations, 

as well as heat output of the heat pump, heat losses of the building, and heat demand for 

hot water preparation. It’s also important to determine heating factor of a heat pump, as 

it’s a great indicator of heat pump’s efficiency. When choosing a refrigerant for a heat 

pump, it is necessary to choose a refrigerant that complies with the current law and 

regulations of environment protection, and it is important to control GWP and ODP 

indicators. 

Biomass is a clean renewable energy source which is CO2 neutral. I talked about the 

common commercial forms of biomass. It’s important to know biomass source 

parameters and properties during the preparation of a project.  

Biomass boilers are another way of using renewable energy sources, in addition to heat 

pumps. Automatic wood pellet boilers are highly efficient and commonly used in houses 

as well as apartment buildings. It’s important to study space possibilities before deciding 

for a pellet boiler, as storing space of pellets is required. Wood gasification boilers are 

commonly used in smaller houses and objects. Wood stoves and fireplace are more used 

as additional energy source in households.                                      
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B.  Application of the topic at the solved building including theoretical 

solution of used physical equations 

B.1. Calculation of heat output 

B.1.1. Calculation of heat transfer coefficient U of building structures [W/m2.K] 

Heat transfer coefficient U expresses the total heat exchange between the rooms that are 

separated from each other by a structure with a certain thermal resistance. 

                                                   𝑼 =
𝟏

𝑹𝑻
    [W/m2.K] 

 Where U… heat transfer coefficient [W/m2.K] 

             RT… thermal resistance to heat transfer [m2.K / W] 

Assessment of the condition  

                    U ≤ UN,20 

     Where U ……. heat transfer coefficient of the building structure [W/m2.K] 

                   UN,20 ……. required value of heat transfer coefficient [m2.K /W] given by the 

standard ČSN 73 0540-2: 2011, thermal protection of buildings. 

Thermal resistance of a layer 

                           𝐑𝐣 =
𝐝𝐣

𝛌𝐣
   [m2.K / W] 

    Where Rj… thermal resistance of j-th layer [m2.K / W] 

                  dj… thickness of the j-th layer of the structure [m] 

                  λj… design thermal conductivity coefficient of material [W/ m.K] 

Thermal resistance to heat transfer of a structure 

                           RT = Rsi + Rj + Rse   [m2.K / W] 

Where 

         RT… total thermal resistance to heat transfer of the structure [m2.K / W] 

         Rsi… thermal resistance to heat transfer on the internal surface of the structure    

                  [m2.K / W].Values are taken from the standards ČSN 73 0540-3. 

         Rse… thermal resistance to heat transfer on the external surface of the structure  

                  [m2.K / W]. Values are taken from the standards ČSN 73 0540-3. 

         Rj… thermal resistance of j-th layers [m2.K / W] 
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Calculations of thermal resistance and heat transfer coefficient of all structures of the 

apartment building:  

 

 

 

Layer d(m) λ(W/m.K) R(m
2
.k/W)

Ceramic flooring 0,010 1,010 0,010

Cement adhesive 0,002 - -

Cement screed cemix 20 MPa coarse 0,040 1,430 0,028

Separation layer of PE foil, lithoplast penefol 

500
0,001 - -

Sound insulation 0,030 0,037 0,811

Reinforced concrete slab 0,220 1,430 0,154

Thermal insulation 0,050 0,042 1,190

Lime plaster 0,010 0,880 0,011

Σ 2,204
Rsi= 0,170 m2.k/W
Rse= 0,040 m

2
.k/W

ΣR= 2,204 m2.k/W
Rt=Rsi+ΣR+Rse= 2,414 m

2
.k/W

Ut = 1/Rt = 0,414 W/m
2
.K

Upas,20= 0,300 W/m2.K
UN,20= 0,600 W/m

2
.K

Urec,20 = 0,400 W/m
2
.K

 Ut ≤ UN,20 it complies

C1.a - Ceiling seperating heated space from unheated part of basement

Layer d(m) λ(W/m.K) R(m
2
.k/W)

Ceramic flooring 0,010 1,010 0,010

Cement adhesive 0,002 - -

Cement screed cemix 20 MPa coarse 0,040 1,430 0,028

Separation layer of PE foil, lithoplast penefol 0,001 - -

Sound insulation 0,030 0,037 0,811

Reinforced concrete slab 0,220 1,430 0,154

Thermal insulation 0,050 0,042 1,190

Lime plaster 0,010 0,880 0,011

Σ 2,204
Rsi= 0,170 m

2
.k/W

Rse= 0,040 m
2
.k/W

ΣR= 2,204 m
2
.k/W

Rt=Rsi+ΣR+Rse= 2,414 m
2
.k/W

Ut = 1/Rt = 0,414 W/m2.K

UN,20= 2,200 W/m2.K
Urec,20 = 1,450 W/m

2
.K

 Ut ≤ UN,20 it complies

C1.b - Ceiling seperating heated space from heated part of basement 
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Layer d(m) λ(W/m.K) R(m2.k/W)

Ceramic anti-freezing flooring 0,010 1,010 0,010

Cement adhesive 0,002 - -

Water proofing layer 0,004 - -

penetration layer - - -

cement screed 0,050 1,430 0,035

Separation layer - - -

Sloping layer of thermal insulation XPS 0,120 0,035 3,429

Reinforced concrete slab 0,220 1,430 0,154

Thermal insulation 0,050 0,042 1,190

Lime plaster 0,010 0,880 0,011

Σ 4,829

Rsi= 0,170 m
2
.k/W

Rse= 0,040 m2.k/W

ΣR= 4,829 m
2
.k/W

Rt=Rsi+ΣR+Rse= 5,039 m2.k/W

Ut = 1/Rt = 0,198 W/m
2
.K

Upas,20= 0,150 W/m2.K

UN,20= 0,240 W/m
2
.K

Urec,20 = 0,160 W/m2.K

 Ut ≤ UN,20 it complies

C2 - Inset balcony floor above basement

Layer d(m) λ(W/m.K) R(m
2
.k/W)

Ceramic flooring 0,010 1,010 0,010

Cement adhesive 0,002 - -

Cement screed cemix 20 MPa coarse 0,040 1,430 0,028

Separation layer of PE foil, lithoplast penefol 

500
0,001 - -

Sound insulation 0,030 0,037 0,811

Reinforced concrete slab 0,220 1,430 0,154

Lime plaster 0,010 0,880 0,011

Σ 1,014

Rsi= 0,170 m2.k/W

Rse= 0,100 m
2
.k/W

ΣR= 1,014 m
2
.k/W

Rt=Rsi+ΣR+Rse= 1,284 m2.k/W

Ut = 1/Rt = 0,779 W/m2.K

UN,20= 2,200 W/m
2
.K

Urec,20 = 1,450 W/m
2
.K

 Ut ≤ UN,20 it complies

C3 - internal ceiling seperating spaces with temperature difference to 5  ͦC
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Layer d(m) λ(W/m.K) R(m
2
.k/W)

PVC flooring 0,003 - -

 Adhesive 0,002 - -

Cement screed cemix 20 MPa coarse 0,020 1,430 0,014

Seperation layer of PE foil - - -

Thermal insulation EPS grey 100 0,100 0,034 2,933

Water proofing layer - - -

Penetration primer of asphalt emulsion - - -

Oversite concrete 0,140 1,200 0,117

Σ 3,063

Rsi= 0,170 m2.k/W

Rse= 0,000 m
2
.k/W

ΣR= 3,063 m
2
.k/W

Rt=Rsi+ΣR+Rse= 3,233 m
2
.k/W

Ut = 1/Rt = 0,309 W/m
2
.K

Upas,20= 0,220 W/m2.K

UN,20= 0,450 W/m
2
.K

Urec,20 = 0,300 W/m
2
.K

 Ut ≤ UN,20 it complies

F - Floor on the ground

Layer d(m) λ(W/m.K) R(m2.k/W)

water proofing of pvc-p 

plastic foil, µ=15000
0,002 - -

Separation layer of geotextile, 

polypropylene
0,002 - -

Thermal insulation of isover 

mineral wool
0,300 0,043 6,993

Vapour barrier of SBS 

modified bitumen felt with 

supporting Al foil and 

fibreglass

0,050 - -

Reinforced concrete slab 0,220 1,430 0,154

Lime plaster 0,015 0,880 0,017

Σ 7,164

Rsi= 0,170 m
2
.k/W

Rse= 0,040 m2.k/W

ΣR= 7,164 m
2
.k/W

Rt=Rsi+ΣR+Rse= 7,374 m
2
.k/W

Ut = 1/Rt = 0,136 W/m2.K

Upas,20 = 0,150 W/m
2
.K

UN,20= 0,240 W/m2.K

Urec,20 = 0,160 W/m2.K

 Ut ≤ UN,20 it complies

R- Flat roof
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Layer d(m) λ(W/m.K) R(m2.k/W)

Lime plaster 0,010 0,880 0,011

Porotherm ceramic blocks 0,440 0,129 3,419

Thermal insulation of EPS Greywall 0,150 0,034 4,412

Lime plaster 0,010 0,880 0,011

Σ 7,853

Rsi= 0,130 m2.k/W

Rse= 0,040 m2.k/W

ΣR= 7,853 m2.k/W

Rt=Rsi+ΣR+Rse= 8,023 m2.k/W

Ut = 1/Rt = 0,125 W/m2.K

Upas,20= 0,180 W/m2.K

UN,20= 0,300 W/m2.K

Urec,20 = 0,250 W/m2.K

 Ut ≤ UN,20 it complies

S1- Peripheral wall to the exterior

Layer d(m) λ(W/m.K) R(m2.k/W)

Lime plaster 0,010 0,880 0,011

Porotherm ceramic blocks 0,440 0,129 3,419

Waterproofing layer - - -

Thermal insulation of XPS STYRODUR 0,150 0,035 4,286

Σ 7,716

Rsi= 0,130 m2.k/W

Rse= 0,000 m2.k/W

ΣR= 7,716 m2.k/W

Rt=Rsi+ΣR+Rse= 7,846 m2.k/W

Ut = 1/Rt = 0,127 W/m2.K

Upas,20= 0,220 W/m2.K

UN,20= 0,450 W/m2.K

Urec,20 = 0,300 W/m2.K

 Ut ≤ UN,20 it complies

S2- Peripheral wall in touch with ground
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Layer d(m) λ(W/m.K) R(m
2
.k/W)

Lime plaster 0,010 0,880 0,011

Porotherm 30 Profi 0,300 0,175 1,714

Lime plaster 0,010 0,880 0,011

Σ 1,737

Rsi= 0,130 m
2
.k/W

Rse= 0,130 m2.k/W

ΣR= 1,737 m
2
.k/W

Rt=Rsi+ΣR+Rse= 1,997 m
2
.k/W

Ut = 1/Rt = 0,501 W/m
2
.K

UN,20= 1,300 W/m2.K

Urec,20 = 0,900 W/m
2
.K

 Ut ≤ UN,20 it complies

S3.a - Internal load bearing wall between rooms with temperature difference to 10 ˚C                              

Layer d(m) λ(W/m.K) R(m
2
.k/W)

Lime plaster 0,010 0,880 0,011

Porotherm 30 Profi 0,300 0,175 1,714

Lime plaster 0,010 0,880 0,011

Σ 1,737

Rsi= 0,130 m
2
.k/W

Rse= 0,130 m
2
.k/W

ΣR= 1,737 m2.k/W

Rt=Rsi+ΣR+Rse= 1,997 m
2
.k/W

Ut = 1/Rt = 0,501 W/m2.K

UN,20= 2,700 W/m2.K

Urec,20 = 1,800 W/m
2
.K

 Ut ≤ UN,20 it complies

S3.b - internal load bearing wall seperating rooms with temperature difference to 5  ͦC

Layer d(m) λ(W/m.K) R(m2.k/W)
Lime plaster 0,010 0,880 0,011

Porotherm 30 Profi 0,300 0,175 1,714
Lime plaster 0,010 0,880 0,011

Σ 1,737

Rsi= 0,130 m
2
.k/W

Rse= 0,130 m
2
.k/W

ΣR= 1,737 m
2
.k/W

Rt=Rsi+ΣR+Rse= 1,997 m2.k/W

Ut = 1/Rt = 0,501 W/m
2
.K

UN,20= 0,600 W/m
2
.K

Urec,20 = 0,400 W/m
2
.K

 Ut ≤ UN,20 it complies

S3.c - Internal load bearing wall seperating heated room from unheated room                              
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Windows and doors:  

W - triple glazing plastic window and roof hatch 

Un,req = 1,7 W/(m2.k) ≥ Uw = 0,7 W/(m2.k) 

Un,rec = 1,2 W/(m2.k) ≥ Uw = 0,7 W/(m2.k) 

De1 – plastic entrance door with triple glazing 

Un,req = 1,7 W/(m2.k) ≥ Uw = 0,7 W/(m2.k) 

Un,rec = 1,2 W/(m2.k) ≥ Uw = 0,7 W/(m2.k) 

De2 – plastic balcony door with triple glazing 

Un,req = 1,7 W/(m2.k) ≥ Uw = 0,7 W/(m2.k) 

Un,rec = 1,2 W/(m2.k) ≥ Uw = 0,7 W/(m2.k) 

Layer d(m) λ(W/m.K) R(m
2
.k/W)

Lime plaster 0,010 0,880 0,011

Porotherm 11,5 profi 0,115 0,260 0,442

Lime plaster 0,010 0,880 0,011

Σ 0,465

Rsi= 0,130 m2.k/W

Rse= 0,130 m
2
.k/W

ΣR= 0,465 m2.k/W

Rt=Rsi+ΣR+Rse= 0,725 m2.k/W

Ut = 1/Rt = 1,379 W/m
2
.K

UN,20= 2,700 W/m
2
.K

Urec,20 = 1,800 W/m2.K

 Ut ≤ UN,20 it complies

S4- internal non-load bearing wall between rooms with temperature difference to 5  ͦC

Layer d(m) λ(W/m.K) R(m2.k/W)

Lime plaster 0,010 0,880 0,011

Solid concrete blocks 0,080 1,430 0,056

Sound proofing material 0,040 0,039 1,026

Solid concrete blocks 0,080 1,430 0,056

Lime plaster 0,010 0,880 0,011

Σ 1,160

Rsi= 0,130 m
2
.k/W

Rse= 0,130 m
2
.k/W

ΣR= 1,160 m2.k/W

Rt=Rsi+ΣR+Rse= 1,420 m
2
.k/W

Ut = 1/Rt = 0,704 W/m
2
.K

UN,20= 2,700 W/m
2
.K

Urec,20 = 1,800 W/m
2
.K

 Ut ≤ UN,20 it complies

S5- Wall between flats
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Di – interior timber doors 

Un,req = 3,5 W/(m2.k) ≥ Uw = 1,8 W/(m2.k) 

Un,rec = 2,3 W/(m2.k) ≥ Uw = 1,8 W/(m2.k) 

The value of heat transfer coefficient of windows and doors were taken from the 

catalogue of the manufacturer and compared with standards values. 

From previous calculations we can see that all structures of the apartment building meet 

the requirements of the standards because heat transfer coefficient of each structure is 

smaller than UN,20 values, which are given by the standard ČSN 73 0540-2: 2011, thermal 

protection of buildings. 

But the building can’t be classified as passive building because many structures have U 

value bigger than Upas,20, which are given by the standard ČSN 73 0540-2: 2011, thermal 

protection of buildings. 

 

Table 4 - summary of all U values of building structures and their assessment. 

 

 

Structure
Ut         

[W/m
2
.K]

       UN,20       

[W/m
2
.k]

 Ut ≤ UN,20

C1.a - Ceiling seperating heated space from unheated part of basement 0,414 0,600 it complies

C1.b - Ceiling seperating heated space from heated part of basement 0,414 2,200 it complies

C2 - Inset balcony floor above basement 0,198 0,240 it complies

C3 - internal ceiling seperating spaces with temperature difference to 5  ͦC 0,779 2,200 it complies

F - floor on the ground 0,306 0,450 it complies

R- Flat roof 0,136 0,240 it complies

S1- Peripheral wall to the exterior 0,125 0,300 it complies

S2- Peripheral wall in touch with ground 0,127 0,450 it complies

S3.a - Internal load bearing wall between rooms with temperature difference to 10 ˚C                              0,501 1,300 it complies

S3.b - internal load bearing wall seperating rooms with temperature difference to 5  ͦC0,501 2,700 it complies

S3.c - Internal load bearing wall seperating heated room from unheated room                              0,501 0,600 it complies

S4- internal non-load bearing wall between rooms with temperature difference to 5  ͦC 1,379 2,700 it complies

S5- Wall between flats 0,704 2,700 it complies

Structure
      Ut      

[W/m
2
.K]

   Upas,20    

[W/m
2
.K]

 Ut ≤ Upas,20

C1.a - Ceiling seperating heated space from unheated part of basement 0,414 0,300 it does not comply

C1.b - Ceiling seperating heated space from heated part of basement 0,414

C2 - Inset balcony floor above basement 0,198 0,150 it does not comply

C3 - internal ceiling seperating spaces with temperature difference to 5  ͦC 0,779

F - floor on the ground 0,306 0,220 it does not comply

R- Flat roof 0,136 0,150 it complies

S1- Peripheral wall to the exterior 0,125 0,180 it complies

S2- Peripheral wall in touch with ground 0,127 0,220 it complies

S3.a - Internal load bearing wall between rooms with temperature difference to 10 ˚C                              0,501

S3.b - internal load bearing wall seperating rooms with temperature difference to 5  ͦC0,501

S3.c - Internal load bearing wall seperating heated room from unheated room                              0,501 0,300 it does not comply

S4- internal non-load bearing wall between rooms with temperature difference to 5  ͦC 1,379

S5- Wall between flats 0,704
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B.1.2. Energy label of the building 

In order to do energy label of a building, we need to define building envelope, boundary 

conditions and evaluate average heat transfer coefficient Uem [W·m-2·K-1], which is 

calculated and evaluated according to ČSN 73 0540-2: 2011 and Decree No. 264/2020 Sb.  

Calculation: (according to decree No. 264/2020 Sb.) 

                                    Uem =Σ(UN,i.Ai.bi)/ΣAi + ΔUem,R           [W·m-2·K-1] 

Uem - average heat transfer coefficient of the assessed building [W·m-2·K-1] 

UN,i - corresponding value of the heat transfer coefficient of the heat   

          exchanging structure [W·m-2·K-1] 

Ai - area of the structure determined from external dimensions [m2] 

bi - temperature reduction factor corresponding to the structure [-] 

∆Uem, R - surcharge on the influence of thermal bonds [W·m-2·K-1] 

                                     Uem,N=Σ(UN,i.Ai.bi)/ΣAi + ΔUem,R             [W·m-2·K-1] 

Uem, N - value of average heat transfer coefficient of reference building [W·m-2·K-1] 

UN,i - corresponding standard value of the heat transfer coefficient of the heat   

          exchanging structure [W·m-2·K-1] 

Ai - area of the structure determined from external dimensions [m2] 

bi - temperature reduction factor corresponding to the structure [-] 

∆Uem, R - surcharge on the influence of thermal bonds [W · m-2 · K-1] 

 

Assessment 

                                                             Uem ≤ Uem,N 

Uem - average heat transfer coefficient of the assessed building [W·m-2·K-1] 

Uem,N - average heat transfer coefficient of reference building [W·m-2·K-1] 

The assessment is based on the comparison of the ratio of average heat transfer 

coefficient of the assessed building to the average heat transfer coefficient of the 

reference building and the classification of this ratio to the classification class according 

to Annex C of the standard ČSN 73 0540-2: 2011.  
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area

Heat 

transfer  

coefficient

Reduction 

factor

Specific heat 

transmission 

loss

area

Heat 

transfer  

coefficient

Reduction 

factor

Specific heat 

transmission 

loss

A U b HT A U b HT

[m
2
]  [W/m

2
 .K] [-] [W/K]  [m

2
]  [W/m

2
 .K] [-]  [W/K]

C1.a - Ceiling seperating heated space 

from unheated part of basement
104,6 0,420 0,571 25,109 104,6 0,414 0,571 24,761

R- Flat roof 238,8 0,170 1,000 40,596 238,8 0,136 1,000 32,384

S1- Peripheral wall to the exterior 566,5 0,210 1,000 118,969 566,5 0,125 1,000 70,609

S2- Peripheral wall in touch with ground 26,6 0,320 0,429 3,653 26,6 0,127 0,429 1,455

S3.c - Internal load bearing wall seperating 

heated room from unheated room                              49,7 0,420 0,571 11,928 49,7 0,501 0,571 14,221

F - Floor on the ground 118,2 0,320 0,429 16,205 118,2 0,309 0,429 15,662

C5- Inset balcony floor above heated part 

of  basement
6,9 0,170 1,000 1,165 6,9 0,198 1,000 1,359

Façade opennings 156,5 1,050 1,000 164,349 156,5 0,700 1,000 109,566

Roof hatch 2,5 1,050 1,000 2,625 2,5 0,700 1,000 1,750

Σ 1270,3 384,598 1270,3 271,769

0,323

recommended 

value Uem,N,rec

0,242

Classification indicator Cl=Uem/U em,N,req

Classification class of building envelope 

according to

 ČSN 73 0540-2

C - economical

Uem,N,req  = Σ (UNi .Ai.bi)/ΣAj

+ 0,02 , max. 0,5

recommended value is 75% from 

required value

0,82

Total specific heat  transmission loss 410,005 335,285

Average heat transfer coefficient Uem
required value 

Uem,N,req

Uem = ΣHT+ ΔHT  /ΣA 0,264

Assessed building

Thermal bond ΔHT 0,020 25,406 0,050 63,516

Structure

Reference building
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Energy label of the building 

Apartment building 

Olomouc 

       Evaluation of building    

        envelope 

Total floor area = 873,03 m2 calculated Recommended 

CI       very economical 

 

                    Extremely uneconomical 

 

 

     

 

        0,82  

 

Classification  C  

Average heat transfer coefficient of building envelope 

Uem in  [W/m2 .K] 

0,264 

 

 

Required value of average heat transfer coefficient of 

building envelope according to ČSN 730 0540-2 

Uem,N,req in  [W/m2 .K] 

0,323  

Classification coefficient Cl and its corresponding value Uem 

CL   0,5     0,8    1,0 1,00 1,50 2,00 2,50 

Uem 0,161 0,258 0,323 0,323 0,484 0,646 0,807 

Validity of energy label until 1.4.2031 
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Calculated by Bc.Nour Kováčová 

 

B.1.3. Estimation of heat loss of the building  

Heat losses are calculated according to ČSN EN 12 831-1 Heating systems in buildings –

heat output calculation. 

Total design heat output 

Total design heat output is the sum of heat transmission loss and heat loss due to 

ventilation. 

ΦHL,i= ΦT,i +ΦV,I      [W] 

ΦT,i - design heat transmission loss [W]  

ΦV,i - design heat loss due to ventilation [W] 

Total design heat transmission loss 

ΦT,i  = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i – θe )    [W] 

 

                  

                                     HT,ia(..) 

where                        

HT,ie - specific heat transmission loss  directly to exterior[W/k] 

HT,ia(..) - specific heat transmission loss from heated space to neighbouring 

heated space or unheated space or through it[W/k] 

HT,ig  - specific heat loss to ground[W/k] 

θint,i – indoor temperature [°C]  

θe – outdoor temperature[°C] 

 

Specific heat transmission loss directly to exterior 

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k)   [W/k] 

Where: 

Ak - structure area [m2]. 

Uk – heat transfer coefficient [W·m-2·K-1]. 

∆ UB – correction of heat transfer coefficient [W·m-2·K-1]. 

fU,k = 1 if surface heat transfer resistance was included. 

fie,k - temperature correction factor. It is equal to one if the adjacent space is 

exterior and the height of the space is not more than 4 m, otherwise it should be 

calculated as specified in the standards. 

Specific heat transmission loss from heated space to neighbouring heated space or 

unheated space or through it 
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HT,ia(..) = Σ (Ak.Uk.fix,k)  [W/k] 

Where:  

fix,k – temperature correction factor. fix,k = f1 + f2. 

The temperature correction factor f1 takes into consideration the difference 

between the outdoor temperature and the temperature of the neighbouring space 

or environment. 

 If there is an outdoor environment next to the structure then it is equal to 1, 

otherwise it can be determined as follow: 

F1=  
𝛉𝐢𝐧𝐭,𝐢 – 𝛉𝐮

𝛉𝐢𝐧𝐭,𝐢 – 𝛉𝐞
 

θint,i – indoor temperature [°C] 

θu – temperature of neighbouring heating space [°C] 

θe – outdoor temperature[°C] 

f2  - correction factor f2 takes into consideration the difference between the 

internal temperature and the average surface temperature of the building part k. 

For spaces up to a height of 4 m f2 = 0. 

For Olomouc region in the Czech republic and according the standards θe = -15  ͦC.  

Specific heat transmission loss to ground HT,ig 

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) 

Where: fθann – coefficient that considers the effect of change of outdoor   

                         temperature through the year, it is equal to 1,45. 

              Uequiv,k – equivalent heat transfer coefficient of the structural parts in  

                              contact with ground. 

                 Ak  -  structure area [m2]. 

 

 

 
Where: B’ – geometrical parameter. 

               P –circumference of the border with outer environment. 

              Ag – area of the floor in contact with ground. 

Note: For rooms without external walls to the exterior, the B’ shall be  calculated  

for the entire heated area of the building. 

              Uk - heat transfer coefficient of floor structure. 

              fig,k – temperature correction coefficient. 

              ΔUTB - surcharge on the effect of thermal bonds. 
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             fig,k – temperature correction factor         

     fig,k = =  
𝛉𝐢𝐧𝐭,𝐢 – 𝛉𝐞,𝐦

𝛉𝐢𝐧𝐭,𝐈 – 𝛉𝐞
 

                            θint,i – indoor temperature [°C] 

                            θe,m – average temperature during heating season [°C]. 

                                For Olomouc region and according to the standards θe,m =3,8  ͦC 

                            θe – outdoor temperature [°C] 

               fGW,k – correction coefficient that considers the effect of underground  

                            water =1. 

Design heat loss due to ventilation ΦV, i [W] 

The building will be ventilated naturally, only in the bathrooms and toilets will be 

installed exhaust fans. 

Natural ventilation: 

It depends mainly on the room volume, outdoor and indoor temperature, and air 

exchange intensity. Also, on the number of unprotected openings, shading factor and the 

amount of air infiltration. Depending on the type of room, we choose minimal hygienic air 

exchange intensity nmin. 

 
Table 5 – air exchange intensity[41] 

From the volume of the room and the air exchange intensity, we get the minimum 

hygienic air exchange Vmin, i.  

Vmin,i = nmin . V 

Where:   

Vmin,i – minimum hygienic air exchange [m3/ h] 

nmin - air exchange intensity [1/h] 

V - room volume [m3] 

Then we should determine the amount of air infiltrated by building envelope through 

openings Vinf,i 

Vinf,i = 2 . V . n50 . ei . εi 

Vinf,i - amount of air infiltrated by building envelope [m3/ h] 

V - room volume [m3] 

n50 - value of air exchange intensity at pressure difference 50 Pa [1/h] 

         in case of natural ventilation n50 = 4,5 [1/h] 

ei - shading factor, it depends on the position of the building in the landscape [-] 

εi - correction factor of height level from terrain [-] 

nmin [1/h]

0,5

1,5

1

2

Type of room 

residential area

kitchen and bathroom without window

office

sitting area
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We choose the bigger value of Vmin,i  and Vinf,I and we use it to calculate the total 

specific heat loss due to ventilation  

HV, i = 0,34. Vi [W · K-1] 

HV, i - total specific heat loss due to ventilation [W · K-1] 

Vi - amount of air, the maximum value of Vmin, i and Vinf, i [m3/ h] 

Finally, we can estimate design heat loss due to natural ventilation: 

ΦV, i = Hv,i . (θint,i-θe)[W] 

ΦV, i - design heat loss due to ventilation [W] 

θint,i - indoor temperature [°C]. 

θe - outdoor temperature [°C]. 

Hv,i - total specific heat loss due to ventilation [W · K-1] 
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Heat losses of the basement 

 

Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S101 Corridor 15,000 °C
Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k        

   [-]

     fie,k      

 [-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

  fix,k      

[-]
Ak.Ukc.fix,k

C1.b ceiling above basement 20,000 3,970 0,414 0,414 -0,167 -0,274

S4
internal non-load bearing wall 

between rooms
20,000 5,151 1,379 1,379 -0,167 -1,184

Di interior timber door 10,000 1,890 1,800 1,800 0,167 0,567

S3.b internal load bearing wall 10,000 4,389 0,501 0,501 0,167 0,366

Di interior timber door 20,000 1,890 1,800 1,800 -0,167 -0,567

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -1,092

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

  [m
2]

      Ag         

[m2]

            P           

     [m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

      B'       

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 3,970 118,160 47,400 0,309 0,373 4,986 0,255 0,378

0,378

       fθann        

    [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

     [-]

         θe,m   

       [ ͦC]

1,450 0,548 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
   ΣHt,i        

[W·K-1]

15,000 -15,000 -0,544

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

11,870 -15,000 15,000 0,500 5,935

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

30,000 5,935

Total design heat transmission loss of the specific room = 44,212 W

0,020 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

2,018 60,539

room 

volume

Vi(m
3)

Outdoor temperature Ɵe              

[ ͦC]

indoor  

temperature Ɵint,i 

   [ ͦC]

  Shading factor              

         ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

30,000 -16,326
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S102 Storeroom 15,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

       fU,k         

   [-]

   fie,k     

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

    fix,k        

  [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 20,000 12,953 1,379 1,379 -0,167 -2,977

C1.b ceiling above basement 20,000 2,300 0,414 0,414 -0,167 -0,159

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -3,136

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

  [m
2]

      Ag         

[m2]

           P           

    [m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

   B'    

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 2,300 118,160 47,400 0,309 0,373 4,986 0,255 0,219

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,219

   fθann [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K)      fGW [-] θe,m [ ͦC]

1,450 0,317 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i      

[W·K-1]

15,000 -15,000 -2,819

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

6,877 -15,000 15,000 0,500 3,439

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

30,000 3,439

Total design heat transmission loss of the specific room = -49,495 W

0,020 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

1,169 35,073

room 

volume

Vi(m
3)

Outdoor temperature Ɵe              

[ ͦC]

indoor  

temperature Ɵint,i 

    [ ͦC]

 Shading factor              

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC]
Design heat transmission loss ΦT,i  [W]

30,000 -84,568
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S103 Technical room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k         

  [-]

      fie,k         

     [-]
Ak.(Uk+ΔUB).fU,k.fie,k

De1 plastic entrance door 4,230 0,700 0,700 1,000 1,000 2,961

W triple glazing plastic window 2,175 0,700 0,700 1,000 1,000 1,523

S1 Peripheral wall to the exterior 26,365 0,125 0,050 0,175 1,000 1,000 4,604

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 9,088

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k      

  [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 15,000 7,427 1,379 1,379 0,143 1,463

S3.c internal load bearing wall                     0,000 14,226 0,501 0,050 0,551 0,571 4,477

DI interior timber door 15,000 1,890 1,800 1,800 0,143 0,486

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  6,427

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

  [m
2]

      Ag         

[m2]
  P     [m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

      B'         

  [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 29,500 29,500 10,958 0,309 0,463 5,384 0,250 3,413

3,413

             

fθann               

    [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

     [-]

θe,m [ ͦC]

1,450 4,949 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
      ΣHt,i         

  [W·K-1]

20,000 -15,000 20,463

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

88,205 -15,000 0,500

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 3,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 47,631

Total design heat transmission loss of the specific room = 1283,01 W

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 716,206

0,020 1,000 47,631

Heat loss due to natural ventilation

             Ht [W·K-1]

16,194 566,805

room 

volume

Vi(m
3)

Outdoor temperature Ɵe              

[ ͦC]

indoor  

temperature Ɵint,i 

        [ ͦC]

20,000 44,103

Shading factor              

       ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S104 Toilet 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

       fU,k       

 [-]

   fie,k     

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,540 0,700 0,700 1,000 1,000 0,378

S1 Peripheral wall to the exterior 5,359 0,125 0,050 0,175 1,000 1,000 0,936

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,314

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

    fix,k       

 [-]
Ak.Ukc.fix,k

C1.b Ceiling seperating heated space from heated part of basement24,000 2,600 0,414 0,414 -0,114 -0,123

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,123

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

  [m
2]

      Ag         

[m2]

       P           

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

  B'     

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

S2 Peripheral wall in touch with ground0,380 5,830 2,100 0,127 0,463 5,552 0,186 0,033

F Floor on the ground 5,830 5,830 2,100 0,309 0,463 5,552 0,248 0,669

0,702

             

fθann               

    [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

     [-]

θe,m [ ͦC]

1,450 1,017 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i              

[W·K-1]

20,000 -15,000 2,208

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

17,432 -15,000 0,500 8,716

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 8,716

Total design heat transmission loss of the specific room = 181,008 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe              

 [ ͦC]

indoor  

temperature Ɵint,i 

        [ ͦC]

20,000

 Shading factor          

    ei

correction factor of height level 

from terrain Ɛi

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC]
Design heat transmission loss ΦT,i  [W]

35,000 77,289

2,963 103,719

Amount of air infiltrated by 

building envelope Vinf,I 

0,020 1,000 3,138

Heat loss due to natural ventilation

             Ht [W·K-1]
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S105 Privat gym for inhabitants 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k         

  [-]

    fie,k       

 [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 2,175 0,700 0,700 1,000 1,000 1,523

S1 Peripheral wall to the exterior 5,778 0,125 0,050 0,175 1,000 1,000 1,009

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 2,532

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

Di interior timber door 15,000 1,890 1,800 1,800 0,143 0,486

S4  internal non-load bearing wall 15,000 12,408 1,379 1,379 0,143 2,445

C3 Internal ceiling 24,000 1,470 0,414 0,414 -0,114 -0,070

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  2,861

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

  [m
2]

      Ag         

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

     B'      

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

S2 Peripheral wall in touch with ground1,400 14,830 3,120 0,127 0,463 9,506 0,186 0,120

F Floor on the ground 14,830 14,830 3,120 0,309 0,463 9,506 0,210 1,440

1,560

         fθann        

      [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

     [-]
θe,m [ ͦC]

1,450 2,262 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
      ΣHt,i         

  [W·K-1]

20,000 -15,000 7,655

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

44,342 -15,000 0,500

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 22,171

Total design heat transmission loss of the specific room = 531,767 W

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

        Shading 

factor          ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

0,020 1,000 7,982

35,000 267,934

room 

volume

Vi(m
3)

         Outdoor temperature Ɵe     

                [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

20,000 22,171

Heat loss due to natural ventilation

             Ht [W·K-1]

7,538 263,833
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S106 Privat gym for inhabitants 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

    fie,k       

 [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 2,900 0,700 0,700 1,000 1,000 2,030

C5 inset balcony floor above basement3,780 0,198 0,198 1,000 1,000 0,750

S1 Peripheral wall to the exterior 16,091 0,125 0,050 0,175 1,000 1,000 2,810

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 5,590

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

Di interior timber doors 15,000 1,890 1,800 1,800 0,143 0,486

S4  internal non-load bearing wall 15,000 8,784 1,379 1,379 0,143 1,731

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  2,217

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

    B'     

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

S2 Peripheral wall in touch with ground5,970 17,000 8,348 0,127 0,463 4,073 0,186 0,513

F Floor on the ground 17,000 17,000 8,348 0,309 0,463 4,073 0,267 2,101

2,614

         fθann        

      [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 3,791 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
       ΣHt,i           

   [W·K-1]

20,000 -15,000 11,598

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

50,830 -15,000 0,500

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 2,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 25,415

Total design heat transmission loss of the specific room = 708,367 W

Heat loss due to natural ventilation

             Ht [W·K-1]

8,641 302,439

20,000 25,415

 Shading factor          

    ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

0,020 1,000 18,299

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 405,929

room 

volume

Vi(m
3)

         Outdoor temperature Ɵe     

                [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S107 Corridor 15,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

      fie,k       

   [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W Window 0,400 0,700 0,700 1,000 1,000 0,280

C5 inset balcony floor above basement0,800 0,198 0,198 1,000 1,000 0,159

s1 Peripheral wall to the exterior 3,487 0,125 0,050 0,175 1,000 1,000 0,609

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,048

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

Di interior timber doors 20,000 3,780 1,800 1,800 -0,167 -1,134

S3.b internal load bearing wall 10,000 20,392 0,501 0,501 0,167 1,702

C1.a
Ceiling seperating heated space 

from heated part of basement
20,000 7,050 0,414 0,414 -0,167 -0,487

S4  internal non-load bearing wall 20,000 16,612 1,379 1,379 -0,167 -3,819

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -3,737

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

    B'      

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 8,860 8,860 1,300 0,136 0,373 13,631 0,127 0,419

0,419

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 0,608 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i      

[W·K-1]

15,000 -15,000 30,000 -2,082

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

         Outdoor temperature Ɵe     

                      [ ͦC]

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

26,491 -15,000 15,000 0,500 13,246

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000 0,020 1,000 0,000

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

30,000 13,246 4,504 135,106

Total design heat transmission loss of the specific room = 72,654 W

indoor  

temperature Ɵint,I 

        [ ͦC]

Hyginic requirements

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

-62,452



55 
 

 

Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S108 Staircase 10,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

     fie,k        

   [-]
Ak.(Uk+ΔUB).fU,k.fie,k

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

Di interior timber doors 0,000 3,780 1,800 1,800 0,400 2,722

Di interior timber doors 15,000 1,890 1,800 1,800 -0,200 -0,680

S3.c internal load bearing wall 0,000 32,525 0,501 0,050 0,551 0,400 7,165

S4 internal load bearing wall 15,000 25,146 1,379 1,379 -0,200 -6,936

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  2,270

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

      B'    

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

S2
Peripheral wall in touch with 

ground
6,500 28,000 3,100 0,127 0,248 18,06 0,186 0,299

F Floor on the ground 28,000 28,000 3,100 0,136 0,248 18,06 0,115 0,799

0,799

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 1,159 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
      ΣHt,i         

  [W·K-1]

10,000 -15,000 25,000 3,429

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

41,860 -15,000 10,000 0,500

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000 0,020 1,000 0,000

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

25,000 20,930 7,116 177,905

Total design heat transmission loss of the specific room = 263,626 W

20,930

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

85,721

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S109 Corridor 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

          

fie,k            

  [-]

Ak.(Uk+ΔUB).fU,k.fie,k

De1 plastic entrance door 4,113 0,700 0,700 1,000 1,000 2,879

S1 Peripheral wall 11,525 0,125 0,050 0,175 1,000 1,000 2,013

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 4,892

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

C1.a basement ceiling 20,000 12,000 0,414 0,414 -1,333 -6,627

Di interior timber doors 10,000 1,890 1,800 1,800 -0,667 -2,268

S3.c internal load bearing wall 20,000 14,226 0,501 0,501 -1,333 -9,498

S3.c internal load bearing wall 10,000 7,379 0,501 0,501 -0,667 -2,463

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -20,857

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

   B'      

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 12,000 12,000 2,000 0,309 -0,253 12,00 0,192 -0,584

-0,584

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 -0,847 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i      

[W·K-1]

0,000 -15,000 15,000 -16,812

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

35,880 -15,000 0,000 0,500

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000 0,020 1,000 0,000

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 17,940 6,100 91,494

Total design heat transmission loss of the specific room = -160,683 W

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

-252,177

  Outdoor temperature                 

      Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

17,940

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Σ( Ak.Uequiv,k .fig,k .fGW,k )
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S110 Pram room 1 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

     fie,k       

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,575 0,700 0,700 1,000 1,000 0,403

S1 Peripheral wall 5,151 0,125 0,050 0,175 1,000 1,000 0,900

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,302

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

C1.a basement ceiling 20,000 6,040 0,414 0,414 -1,333 -3,336

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -3,336

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

     B'     

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 6,040 6,040 1,800 0,309 -0,253 6,711 0,235 -0,360

Σ( Ak.Uequiv,k .fig,k .fGW,k ) -0,360

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 -0,522 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i         

[W·K-1]

0,000 -15,000 15,000 -2,555

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

18,060 -15,000 0,000 0,500 9,030

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000 0,020 1,000 0,000

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 9,030 3,070 46,052

Total design heat transmission loss of the specific room = 7,725 W

-38,327

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Hyginic requirements

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S111 Bike room 1 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

     fie,k      

 [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,575 0,700 0,700 1,000 1,000 0,403

S1 Peripheral wall 7,947 0,125 0,050 0,175 1,000 1,000 1,388

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,790

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

C1.a basement ceiling 20,000 13,730 0,414 0,414 -1,333 -7,582

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -7,582

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

      B'     

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 13,730 13,730 2,885 0,309 -0,253 9,518 0,210 -0,729

Σ( Ak.Uequiv,k .fig,k .fGW,k ) -0,729

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 -1,058 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

0,000 -15,000 15,000 -6,850

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

41,053 -15,000 0,000 0,500

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000 0,020 1,000 7,389

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 20,526 6,979 104,684

Total design heat transmission loss of the specific room = 1,939 W

20,526

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

-102,746

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Hyginic requirements
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S112 Bike room 2 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

     fie,k       

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,600 0,700 0,700 1,000 1,000 0,420

S1 Peripheral wall 21,400 0,125 0,050 0,175 1,000 1,000 3,737

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 4,157

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

C1.a basement ceiling 20,000 12,500 0,414 0,414 -1,333 -6,903

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -6,903

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

    B'   

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 12,500 12,500 7,358 0,309 -0,253 3,398 0,277 -0,877

-0,877

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 -1,272 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

0,000 -15,000 15,000 -4,018

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

37,375 -15,000 0,000 0,500

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000 0,020 1,000 6,728

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 18,688 6,354 95,306

Total design heat transmission loss of the specific room = 35,036 W

18,688

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

-60,270

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Hyginic requirements

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Σ( Ak.Uequiv,k .fig,k .fGW,k )
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S113 Corridor 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

     fie,k       

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,400 0,700 0,700 1,000 1,000 0,280

S1 Peripheral wall 3,825 0,125 0,050 0,175 1,000 1,000 0,668

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,948

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

S3.c internal load bearing wall 10,000 25,146 0,501 0,501 -0,667 -8,394

Di interior timber doors 10,000 1,890 1,800 1,800 0,000 0,000

C1.a basement ceiling 20,000 15,110 0,414 0,414 -1,333 -8,344

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -16,739

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

     B'     

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 15,110 15,110 1,413 0,309 -0,253 21,387 0,148 -0,567

Σ( Ak.Uequiv,k .fig,k .fGW,k ) -0,567

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 -0,823 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

0,000 -15,000 15,000 -16,614

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

45,179 -15,000 0,000 0,500

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000 0,020 1,000 8,132

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 22,589 7,680 115,206

Total design heat transmission loss of the specific room = -133,997 W

-249,203

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Hyginic requirements

22,589

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]



61 
 

 

Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S114 Storeroom 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

    fie,k       

 [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,400 0,700 0,700 1,000 1,000 0,280

S1 Peripheral wall 4,519 0,125 0,050 0,175 1,000 1,000 0,789

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,069

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

C1.a basement ceiling 24,000 2,210 0,414 0,414 -1,600 -1,465

C1.a basement ceiling 20,000 4,840 0,414 0,414 -1,333 -2,673

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -2,673

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

     B'       

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 4,840 4,840 1,645 0,309 -0,253 5,884 0,244 -0,299

-0,299

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 -0,434 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i           

[W·K-1]

0,000 -15,000 15,000 -2,038

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

14,472 -15,000 0,000 0,500 7,236

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000 0,020 1,000 2,605

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 7,236 2,460 36,903

Total design heat transmission loss of the specific room = 6,337 W

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

-30,566

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Hyginic requirements
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S115 Storeroom 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

  fie,k        

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,400 0,700 0,000 0,700 1,000 1,000 0,280

S1 Peripheral wall 4,519 0,125 0,050 0,175 1,000 1,000 0,789

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,069

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

C1.a basement ceiling 20,000 4,840 0,414 0,414 -1,333 -2,673

C1.a basement ceiling 24,000 2,210 0,414 0,414 -1,600 -1,465

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -1,465

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

    B'     

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 7,050 7,050 1,650 0,309 -0,253 8,545 0,218 -0,389

Σ( Ak.Uequiv,k .fig,k .fGW,k ) -0,389

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 -0,564 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

0,000 -15,000 15,000 -0,959 -14,389

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

21,080 -15,000 0,000 0,500 10,540

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000 0,020 1,000 3,794

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 10,540 3,584 53,753

Total design heat transmission loss of the specific room = 39,363 W

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Hyginic requirements

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S116 Storeroom 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

    fie,k      

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,800 0,700 0,700 1,000 1,000 0,560

S1 Peripheral wall 13,356 0,125 0,050 0,175 1,000 1,000 2,333

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 2,893

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

C1.a basement ceiling 20,000 7,940 0,414 0,414 -1,333 -4,385

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -4,385

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

     B'    

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

S2
Peripheral wall in touch with 

ground
3,700 7,940 5,975 0,127 -0,253 2,66 0,186 -0,174

F Floor on the ground 7,940 7,940 5,975 0,309 -0,253 2,658 0,289 0,000

0,000

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 0,000 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i         

[W·K-1]

0,000 -15,000 15,000 -1,492 -22,385

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

23,741 -15,000 0,000 0,500 11,870

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000 0,020 1,000 4,273

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 11,870 4,036 60,539

Total design heat transmission loss of the specific room = 38,153 W

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Hyginic requirements
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S117 Storeroom 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

     fie,k       

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,400 0,700 0,700 1,000 1,000 0,280

S1 Peripheral wall 5,425 0,125 0,050 0,175 1,000 1,000 0,947

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,227

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

C1.a basement ceiling 20,000 7,940 0,414 0,414 -1,333 -4,385

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -4,385

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

   B'      

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 7,940 7,940 1,948 0,309 -0,253 8,152 0,221 -0,445

-0,445

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 -0,645 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,I        

[W·K-1]

0,000 -15,000 15,000 -3,803

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

23,741 -15,000 0,500 11,870

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000 0,020 1,000 4,273

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 11,870 60,539

Total design heat transmission loss of the specific room = 3,499 W

4,036

-57,040

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Hyginic requirements

0,000

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

S118 Storeroom 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

  [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k        

 [-]

     fie,k       

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,400 0,700 0,700 1,000 1,000 0,280

S1 Peripheral wall 5,425 0,125 0,050 0,175 1,000 1,000 0,947

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,227

structures

No.S. description
    θu        

      [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

    [-]
Ak.Ukc.fix,k

S3.c Internal load bearing wall 10,000 11,900 0,501 0,501 -0,667 -3,973

C1.a basement ceiling 20,000 7,940 0,414 0,414 -1,333 -4,385

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -8,358

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak        

 [m
2]

      Ag        

[m2]

        P        

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

   B'     

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

F Floor on the ground 7,940 7,940 1,948 0,309 -0,253 8,152 0,221 -0,445

-0,445

   fθann   [-] HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

     [-]

     θe,m      

[ ͦC]

1,450 -0,645 1,000 3,800

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i       

[W·K-1]

0,000 -15,000 15,000 -7,775

Design heat loss due to  ventilation - natural ventilation

room 

volume

Vi(m
3)

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

23,741 -15,000 0,000 0,500 11,870

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000 0,020 1,000 4,273

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

15,000 11,870 60,539

Total design heat transmission loss of the specific room = -56,091 W

4,036

  Outdoor temperature             

Ɵe [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Hyginic requirements

     Shading factor          

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or 

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

-116,630
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Heat losses of first floor 

 

Room No. Name of the room Indoor temperature Ɵint,i [°C] 

101A Vestibule 20,000 °C

Calculation of heat transmission loss 
Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
   Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k                  

       [-]

    fie,k              

     [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W Triple glazing plastic window 1,088 0,700 0,700 1,000 1,000 0,762
S1 Peripheral wall 1,857 0,125 0,050 0,175 1,000 1,000 0,324

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,086

structures

No.S. description
    θu           

[ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

     fix,k       

     [-]
Ak.Ukc.fix,k

C1.b ceiling above basement 15,000 6,700 0,414 0,414 0,143 0,396

S4 internal non-load bearing wall 24,000 6,094 1,379 1,379 -0,114 -0,961

S3.a internal load bearing wall 10,000 9,771 0,501 0,501 0,286 1,398

Di interior timber door 10,000 1,890 1,800 1,800 0,286 0,972

Di interior timber door 24,000 1,680 1,800 1,800 -0,114 -0,346

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  1,460
Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

            P           

     [m]

Uk   

[W/m2.K]

        fig,k           

        [-]

    B'         

   [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         

θe,m          

[ ͦC]1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
   ΣHt,i         

[W·K-1]

20,000 -15,000 2,546

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

29,003 -15,000
20,000

0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe
max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 14,502

Total design heat transmission loss of the specific room = 261,682 W

Heat loss due to natural ventilation

             Ht [W·K-1]

4,931 172,568

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

0,000 1,000 0,000

35,000 89,114

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

    [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

14,502

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

102A Washing machine room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k           

      [-]

   fie,k      

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

  fix,k     

[-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 3,190 1,379 1,379 -0,114 -0,503

C1.b ceiling above basement 15,000 1,980 0,414 0,414 0,143 0,117

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,386

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

        [-]

      B'         

     [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000
             

fθann               
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K)        fGW,k            θe,m [ ͦC]

1,450 0,000
1,000

3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i         

[W·K-1]

20,000 -15,000 -0,386

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

5,920 -15,000 20,000 1,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 8,880

Total design heat transmission loss of the specific room = 92,175 W

0,020 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

3,019 105,676

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

   [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

8,880

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 -13,501
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

103A Toilet 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

         fU,k           

         [-]

     fie,k             

     [-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

     fix,k           

        [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 1,704 1,379 1,379 -0,114 -0,269

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,269

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

        [-]

      B'     

 [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
    ΣHt,i             

[W·K-1]

20,000 -15,000 -0,269

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

10,405 -15,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 5,203

Total design heat transmission loss of the specific room = 52,508 W

0,020 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

1,769 61,911

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

20,000 5,203

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 -9,403
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

104A Kitchen and living room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k          

     [-]

     fie,k               

      [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
Plastic balcony door and 

windows
9,575 0,700 0,700 1,000 1,000 6,703

S1 peripheral wall 23,166 0,125 0,050 0,175 1,000 1,000 4,046

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 10,748

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

]

     fix,k    

  [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 7,774 1,379 1,379 -0,114 -1,225

S3.c internal load bearing wall 0,000 1,286 0,501 0,050 0,551 0,571 0,405

S3.a internal load bearing wall 10,000 8,282 0,501 0,501 0,286 1,185

C2.b ceiling above basement 15,000 4,720 0,414 0,414 0,143 0,279

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,643

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

        [-]

      B'        

    [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
   ΣHt,i             

[W·K-1]

20,000 -15,000 11,392

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

76,036 -15,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 38,018

Total design heat transmission loss of the specific room = 851,116 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

20,000 38,018

 Shading factor              

      ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 398,703

0,020 1,000 13,686

Heat loss due to natural ventilation

             Ht [W·K-1]

12,926 452,412
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

105A Bathroom 24,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k         

    [-]

 fie,k      

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,900 0,700 0,700 1,000 1,000 0,630

S1 peripheral wall 4,183 0,125 0,050 0,175 1,000 1,000 0,731

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,361

Specific 

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

    fix,k      

   [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 20,000 18,921 1,379 1,379 0,103 2,677

Di interior timber door 20,000 1,680 1,800 1,800 0,103 0,310

C1.b

ceiling seperating heated 

space from heated part of 

basement

20,000 4,400 0,414 0,414 0,103 0,187

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  3,174

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

Specific heat transmission loss to ground HT,ig

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

   B'      

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

        fθann           

       [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC] Ɵint,i  - θe [ ͦC]

ΣHt,i         

[W·K-1]

Design 

heat 

transmiss24,000 -15,000 39,000 4,534 176,833

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

13,126 -15,000 24,000 0,500
6,563

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000 0,020 1,000 2,363

Heat loss due to natural ventilation

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i                    Ht [W·K-1] Design heat loss due to ventilation Φv,i(W)

39,000 6,563 2,231 87,026

Total design heat transmission loss of the specific room = 236,800 W

 Shading factor              

      ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

indoor  

temperature Ɵint,i  

[ ͦC]

Outdoor temperature Ɵe            

 [ ͦC]

room 

volume

Vi(m
3)
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

106A Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

   fU,k         

[-]

   fie,k     

 [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
triple glazing plastic windows 

and balcony door
6,652 0,700 0,700 1,000 1,000 4,656

S1 peripheral wall 26,118 0,125 0,050 0,175 1,000 1,000 4,561

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 9,218

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

   fix,k    

[-]
Ak.Ukc.fix,k

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,000

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

    B'       

 [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

      θe,m      

         [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

20,000 -15,000 9,218

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

58,365 -15,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 29,182

Total design heat transmission loss of the specific room = 669,888 W

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 322,617

0,020 1,000 10,506

Heat loss due to natural ventilation

             Ht [W·K-1]

9,922 347,271

room 

volume

Vi(m
3)

Outdoor temperature Ɵe           

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

20,000
29,182

  Shading factor              

       ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

107A Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

     fU,k        

  [-]

     fie,k           

    [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 2,175 0,700 0,700 1,000 1,000 1,523

S1 peripheral wall 8,978 0,125 0,050 0,175 1,000 1,000 1,568

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 3,090

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

      fix,k        

       [-]
Ak.Ukc.fix,k

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

C1.a ceiling above basement 0,000 8,875 0,414 0,050 0,464 0,571 2,354

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  2,974

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

        [-]

   B'    

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i       

[W·K-1]

20,000 -15,000 6,065

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

53,073 -15,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 26,536

Total design heat transmission loss of the specific room = 528,046 W

0,020 1,000 9,553

Heat loss due to natural ventilation

             Ht [W·K-1]

9,022 315,781

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

20,000
26,536

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 212,265
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

108 Staircase 10,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k      

[-]

      fie,k        

       [-]
Ak.(Uk+ΔUB).fU,k.fie,k

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

        

fix,k         

[-]

Ak.Ukc.fix,k

S3.a internal load bearing wall 20,000 44,359 0,501 0,501 -0,400 -8,885

Di interior timber door 20,000 3,780 1,800 1,800 -0,400 -2,722

S1 Peripheral load bearing wall 0,000 4,420 0,125 0,050 0,175 0,400 0,309

De1 entrance door 0,000 4,700 0,700 0,700 0,400 1,316

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -9,982

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

            P           

     [m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

     B'    

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         θe,m  

        [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]

    ΣHt,i         

[W·K-1]

10,000 -15,000 -9,982

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

60,129 -15,000 10,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

25,000 30,064

Total design heat transmission loss of the specific room = 5,999 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe             

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

30,064

  Shading factor              

       ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)0,000 1,000 0,000

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC]

Design heat transmission loss ΦT,i  [W]

25,000 -249,549

Heat loss due to natural ventilation

             Ht [W·K-1]

10,222 255,548
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

109,000 Entrance vestibule 0,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k      

[-]

      fie,k        

       [-]
Ak.(Uk+ΔUB).fU,k.fie,k

S1 Peripheral load bearing wall 9,302 0,125 0,050 0,175 1,000 1,000 0,022

De1 entrance door 5,600 0,700 0,700 1,000 1,000 0,490

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,512

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k     

    [-]
Ak.Ukc.fix,k

C1.b Ceiling above basement 10,000 6,970 0,414 0,414 -0,667 -1,925

S3.c Peripheral load bearing wall 20,000 5,095 0,501 0,501 -1,333 -3,402

S3.c Peripheral load bearing wall 10,000 4,569 0,501 0,501 -0,667 -1,525

De entrance door 10,000 4,700 0,700 0,700 -0,667 -2,193

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -9,045

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

            P           

     [m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

      B'      

  [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         θe,m  

        [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]

ΣHt,i          

[W·K-1]

0,000 -15,000 -8,533

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

20,840 -15,000 0,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

15,000 10,420

Total design heat transmission loss of the specific room = -174,600 W

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC]

Design heat transmission loss ΦT,i  [W]

15,000 -127,997

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

  [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Heat loss due to natural ventilation

             Ht [W·K-1]

3,543 53,143

10,420

 Shading factor              

      ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

0,000 1,000 0,000
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

101B Vestibule 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
   Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k                  

       [-]

    fie,k          

   [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W Triple glazing plastic window 1,088 0,700 0,700 1,000 1,000 0,762

S1 Peripheral wall 1,857 0,125 0,050 0,175 1,000 1,000 0,324

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,086

structures

No.S. description
    θu           

[ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

     fix,k       

     [-]
Ak.Ukc.fix,k

C1.a ceiling above basement 0,000 9,700 0,414 0,050 0,464 0,571 2,573

S4 internal non-load bearing wall 24,000 6,094 1,379 1,379 -0,114 -0,961

S3.a internal load bearing wall 10,000 9,771 0,501 0,501 0,286 1,398

Di interior timber door 10,000 1,890 1,800 1,800 0,286 0,972

Di interior timber door 24,000 1,680 1,800 1,800 -0,114 -0,346

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  3,637

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

            P           

     [m]

Uk   

[W/m2.K]

        fig,k           

        [-]

    B'         

   [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         

θe,m          

[ ͦC]1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i            

[W·K-1]

20,000 -15,000 4,723

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

29,003 -15,000 20,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 14,502

Total design heat transmission loss of the specific room = 337,859 W

0,000
1,000

0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

4,931 172,568

room 

volume

Vi(m
3)

Outdoor temperature Ɵe             

  [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

14,502

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 165,291
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

102B Washing machine room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k           

      [-]

     fie,k       

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

    fix,k      

 [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 3,187 1,379 1,379 -0,114 -0,502

C1.a ceiling above basement 0,000 1,980 0,414 0,050 0,464 0,571 0,525

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,023

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

        [-]

      B'         

     [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

        θe,m  

             [ 

ͦC]
1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i         

[W·K-1]

20,000 -15,000 0,023

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

5,920 -15,000 20,000 1,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 8,880

Total design heat transmission loss of the specific room = 106,473 W

0,020
1,000

0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

3,019 105,676

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

   [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

8,880

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 0,797
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

103B Toilet 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

       fU,k         

     [-]

     fie,k           

    [-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

  fix,k      

 [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 1,704 1,379 1,379 -0,114 -0,269

C1.a ceiling above basement 0,000 3,480 0,414 0,050 0,464 0,571 0,923

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,654

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

        [-]

    B'   

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
    ΣHt,i             

[W·K-1]

20,000 -15,000 0,654

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

10,405 -15,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 5,203

Total design heat transmission loss of the specific room = 84,816 W

0,020 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

1,769 61,911

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

20,000 5,203

 Shading factor              

      ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 22,905
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

104B Kitchen and living room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

   fU,k              

      [-]

    fie,k      

   [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
Plastic balcony door and 

windows
9,575 0,700 0,700 1,000 1,000 6,703

S1 peripheral wall 23,166 0,125 0,050 0,175 1,000 1,000 4,046

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 10,748

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

    fix,k      

 [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 7,774 1,379 1,379 -0,114 -1,225

S3.c internal load bearing wall 0,000 1,286 0,501 0,050 0,551 0,571 0,405

S3.a internal load bearing wall 10,000 8,282 0,501 0,501 0,286 1,185

C2.b ceiling above basement 0,000 25,430 0,414 0,414 0,571 6,019

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  6,383

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

        [-]

      B'        

    [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
   ΣHt,i             

[W·K-1]

20,000 -15,000 17,131

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

76,036 -15,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 38,018

Total design heat transmission loss of the specific room = 1051,996 W

0,020 1,000 13,686

Heat loss due to natural ventilation

             Ht [W·K-1]

12,926 452,412

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

20,000 38,018

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 599,584
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

105B Bathroom 24,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k         

    [-]

   fie,k     

 [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,900 0,700 0,700 1,000 1,000 0,630

S1 peripheral wall 4,183 0,125 0,050 0,175 1,000 1,000 0,731

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,361

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

    fix,k        

  [-]
Ak.Ukc.fix,k

C1.a ceiling above basement 0,000 4,400 0,414 0,414 0,615 1,121

S4 internal non-load bearing wall 20,000 18,921 1,379 1,379 0,103 2,677

Di interior timber door 20,000 1,680 1,800 1,800 0,103 0,310

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  4,108

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

     B'     

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i         

[W·K-1]

24,000 -15,000 5,469

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

13,156 -15,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

39,000 6,578

Total design heat transmission loss of the specific room = 436,900 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

 [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

24,000
6,578

  Shading factor              

       ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC]
Design heat transmission loss ΦT,i  [W]

39,000 213,281

0,020 1,000 2,368

Heat loss due to natural ventilation

             Ht [W·K-1]

2,237 87,224
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

106B Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

   fU,k         

 [-]

   fie,k    

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
triple glazing plastic windows 

and balcony door
6,652 0,700 0,700 1,000 1,000 4,656

S1 peripheral wall 26,118 0,125 0,050 0,175 1,000 1,000 4,561

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 9,218

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

]

   fix,k     

 [-]
Ak.Ukc.fix,k

C1.a Ceiling above basement 0,000 19,520 0,414 0,050 0,464 0,571 5,178

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  5,178

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

        [-]

    B'    

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

      θe,m    

           [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

20,000 -15,000 14,395

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

58,365 -15,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 29,182

Total design heat transmission loss of the specific room = 851,106 W

0,020 1,000 10,506

Heat loss due to natural ventilation

             Ht [W·K-1]

9,922 347,271

room 

volume

Vi(m
3)

Outdoor temperature Ɵe           

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

20,000 29,182

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 503,836
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

107B Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

     fU,k        

  [-]

     fie,k           

    [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 2,175 0,700 0,700 1,000 1,000 1,523

S1 peripheral wall 8,978 0,125 0,050 0,175 1,000 1,000 1,568

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 3,090

structures

No.S. description
    θu           

   [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

      fix,k        

       [-]
Ak.Ukc.fix,k

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

C1.a ceiling above basement 0,000 17,750 0,414 0,050 0,464 0,571 4,708

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  5,328

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

[m2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

        [-]

   B'    

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i       

[W·K-1]

20,000 -15,000 8,419

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

53,073 -15,000 0,500

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 26,536

Total design heat transmission loss of the specific room = 610,439 W

0,020 1,000 9,553

Heat loss due to natural ventilation

             Ht [W·K-1]

9,022 315,781

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]
20,000 26,536

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000 294,658
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Heat losses of second floor 

 

Room No. Name of the room Indoor temperature Ɵint,i [°C] 

201A Vestibule 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
   Ak         

[m2]

Uk   

[W/m2.K

ΔUB  

[W/m2.K

Ukc  

[W/m2.K]

 fU,k      

[-]

   fie,k     

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

W Triple glazing plastic window 1,088 0,700 0,700 1,000 1,000 0,762

S1 Peripheral wall 1,857 0,125 0,050 0,175 1,000 1,000 0,324

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,086

structures

No.S. description
    θu       

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K

ΔU 

[W/m2.K]

Ukc  

[W/m
2.K]

     fix,k       

  [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 6,094 1,379 1,379 -0,114 -0,961

S3.a internal load bearing wall 10,000 9,771 0,501 0,501 0,286 1,398

Di interior timber door 10,000 1,890 1,800 1,800 0,286 0,972

Di interior timber door 24,000 1,680 1,800 1,800 -0,114 -0,346

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  1,064

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

            P           

        [m]

Uk   

[W/m2.K]

        

fig,k           

    [-]

    B'         

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         

θe,m       

   [ ͦC]1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

20,000 -15,000 2,150 75,239

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

29,003 -15,000 20,000 0,500 14,502

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 14,502

Total design heat transmission loss of the specific room = 247,807 W

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it 

room 

volume

Vi(m
3)

Outdoor temperature Ɵe           

   [ ͦC]

indoor  

temperature 

Ɵint,i  [ ͦC]

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Shading factor              

         ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 

(m3/h)

0,000 1,000 0,000

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

Heat loss due to natural ventilation

             Ht [W·K-1]

4,931 172,568
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

202A Washing machine room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K

]

ΔUB  

[W/m2.K

]

Ukc  

[W/m2.K]

  fU,k           

 [-]

     fie,k            

       [-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

       fix,k                  

       [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 3,190 1,379 1,379 -0,114 -0,503

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,503

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

  [m]

Uk   

[W/m2.K]

        fig,k           

       [-]

      B'         

  [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

       θe,m   

       [ ͦC]

1,450 0,000
1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i         

[W·K-1]

20,000 -15,000 -0,503 -17,601

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

5,920 -15,000 20,000 1,500
8,880

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 8,880

Total design heat transmission loss of the specific room = 88,075 W

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it 

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

0,020
1,000

0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

3,019 105,676

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

     [ ͦC]

indoor  

temperature 

Ɵint,i  [ ͦC]

        Shading 

factor              ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I 
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

203A Toilet 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K

]

ΔUB  

[W/m2.K

]

Ukc  

[W/m2.K]

           fU,k              

             [-]

        fie,k          

    [-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K

]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

]

       fix,k         

  [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 1,704 1,379 1,379 -0,114 -0,269

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,269

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

  [m]

Uk   

[W/m2.K]

        fig,k           

       [-]

         B'         

 [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

     θe,m       

         [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
    ΣHt,i            

   [W·K-1]

20,000 -15,000 -0,269 -9,403

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

10,405 -15,000 0,500 5,203

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe
max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 5,203

Total design heat transmission loss of the specific room = 52,508 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

  [ ͦC]

indoor  

temperature 

Ɵint,i  [ ͦC]

20,000

  Shading factor              

           ei

correction factor of height 

level from terrain Ɛi

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

1,769 61,911

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

204A Kitchen and living room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

       fU,k    

[-]

          fie,k            

        [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
Plastic balcony door and 

windows
9,575 0,700 0,700 1,000 1,000 6,703

S1 peripheral wall 23,166 0,125 0,050 0,175 1,000 1,000 4,046

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 10,748

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

]

        fix,k           

     [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 7,774 1,379 1,379 -0,114 -1,225

S3.c internal load bearing wall 15,000 5,980 0,501 0,501 0,143 0,428

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,177

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

       [-]

      B'        

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
   ΣHt,i             

[W·K-1]

20,000 -15,000 10,571 369,975

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

76,036 -15,000 0,500 38,018

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 38,018

Total design heat transmission loss of the specific room = 822,388 W

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 13,686

Heat loss due to natural ventilation

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

  [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

20,000

 Shading factor              

       ei

             Ht [W·K-1]

12,926 452,412
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

205A Bathroom 24,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k         

   [-]

       fie,k         

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,900 0,700 0,700 1,000 1,000 0,630

S1 peripheral wall 4,183 0,125 0,050 0,175 1,000 1,000 0,731

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,361

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k           

    [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 20,000 18,921 1,379 1,379 0,103 2,677

Di interior timber door 20,000 1,680 1,800 1,800 0,103 0,310

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  2,987

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

     [-]
 B'       [m] Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]

ΣHt,i         

[W·K-1]

24,000 -15,000 4,347 169,543

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

13,126 -15,000 0,500
6,563

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

39,000 6,563

Total design heat transmission loss of the specific room = 240,900 W

Heat loss due to natural ventilation

             Ht [W·K-1]

2,231 87,026

24,000

Shading factor              

      ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 2,363

Ɵint,i  - θe [ ͦC]

Design heat transmission loss ΦT,i  [W]

39,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

   [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig



87 
 

 

Room No. Name of the room Indoor temperature Ɵint,i [°C] 

206A Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

   fU,k         

[-]

       fie,k         

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
triple glazing plastic windows 

and balcony door
6,652 0,700 0,700 1,000 1,000 4,656

S1 peripheral wall 26,118 0,125 0,050 0,175 1,000 1,000 4,561

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 9,218

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

        fix,k        

  [-]
Ak.Ukc.fix,k

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,000

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

     [-]
B'       [m] Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

      θe,m        

       [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

20,000 -15,000 9,218 322,617

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

58,365 -15,000 0,500
29,182

       n50        

 [1/h]

Number of unprotected 

opennings4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 29,182

Total design heat transmission loss of the specific room = 669,888 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

 [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

20,000

        Shading 

factor              ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)0,020 1,000 10,506

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

Heat loss due to natural ventilation

             Ht [W·K-1]

9,922 347,271
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

207A Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

     fU,k        

[-]

     fie,k      [-

]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 2,175 0,700 0,700 1,000 1,000 1,523

S1 peripheral wall 8,978 0,125 0,050 0,175 1,000 1,000 1,568

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 3,090

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

[-]
Ak.Ukc.fix,k

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,620

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

     [-]

        B'           

  [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i       

[W·K-1]

20,000 -15,000 3,711 129,872

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

53,073 -15,000 0,500
26,536

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 26,536

Total design heat transmission loss of the specific room = 445,653 W

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

  [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Heat loss due to natural ventilation

             Ht [W·K-1]

9,022 315,781

20,000

        Shading 

factor              ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 9,553
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

208 Staircase 10,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k      

[-]

      fie,k        

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k           

    [-]
Ak.Ukc.fix,k

S3.a internal load bearing wall 20,000 44,359 0,501 0,501 -0,400 -8,885

Di interior timber door 20,000 3,780 1,800 1,800 -0,400 -2,722

Di interior timber door 15,000 1,890 1,800 1,800 -0,200 -0,680

S4 internal non-load bearing wall 15,000 7,379 1,379 1,379 -0,200 -2,035

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -14,323

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

            P           

      [m]

Uk   

[W/m2.K]

        fig,k           

     [-]

  B'         

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

   θe,m          

[ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
 ΣHt,i          

[W·K-1]

10,000 -15,000 -14,323 -358,064

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

52,654 -15,000
10,000

0,500
26,327

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

25,000 26,327

Total design heat transmission loss of the specific room = -134,285 W

Heat loss due to natural ventilation

             Ht [W·K-1]

8,951 223,779

  Shading factor              

        ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,000 1,000 0,000

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC]
Design heat transmission loss ΦT,i  [W]

25,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

  [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

201B Vestibule 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
   Ak         

[m2]

Uk   

[W/m2.K

ΔUB  

[W/m2.K

Ukc  

[W/m2.K]

        fU,k          

      [-]

       fie,k         

 [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W Triple glazing plastic window 1,088 0,700 0,700 1,000 1,000 0,762

S1 Peripheral wall 1,857 0,125 0,050 0,175 1,000 1,000 0,324

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,086

structures

No.S. description
    θu       

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K

ΔU 

[W/m2.K]

Ukc  

[W/m2.K

     fix,k       

[-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 6,094 1,379 1,379 -0,114 -0,961

S3.a internal load bearing wall 10,000 9,771 0,501 0,501 0,286 1,398

Di interior timber door 10,000 1,890 1,800 1,800 0,286 0,972

Di interior timber door 24,000 1,680 1,800 1,800 -0,114 -0,346

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  1,064

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

            P           

        [m]

Uk   

[W/m2.K]

        fig,k           

       [-]

    B'         

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         θe,m 

         [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
    ΣHt,i         

  [W·K-1]

20,000 -15,000 2,150 75,239

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

29,003 -15,000 20,000 0,500 14,502

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 14,502

Total design heat transmission loss of the specific room = 247,807 W

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

0,000 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

4,931 172,568

room 

volume

Vi(m
3)

Outdoor temperature Ɵe           

   [ ͦC]

indoor  

temperature 

Ɵint,i  [ ͦC]

        Shading 

factor              ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

202B Washing machine room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k           

   [-]

     fie,k            

   [-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k          

   [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 3,187 1,379 1,379 -0,114 -0,502

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,502

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

     [-]

      B'         

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

        θe,m     

          [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i         

[W·K-1]

20,000 -15,000 -0,502 -17,584

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

5,920 -15,000 20,000 1,500 8,880

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 8,880

Total design heat transmission loss of the specific room = 88,091 W

        Shading 

factor              ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

     [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Heat loss due to natural ventilation

             Ht [W·K-1]

3,019 105,676
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

203B Toilet 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

           fU,k                          

           [-]

          fie,k            

        [-]
Ak.(Uk+ΔUB).fU,k.fie,k

0,000

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,000

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k         

  [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 1,704 1,379 1,379 -0,114 -0,269

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,269

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

     [-]

         B'         

 [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
    ΣHt,i            

 [W·K-1]

20,000 -15,000 -0,269 -9,403

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

10,405 -15,000 0,500 5,203

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 5,203

Total design heat transmission loss of the specific room = 52,508 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

  [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

20,000

        Shading 

factor              ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 0,000

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

Heat loss due to natural ventilation

             Ht [W·K-1]

1,769 61,911
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

204B Kitchen and living room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

           fU,k                          

           [-]

          fie,k            

        [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
Plastic balcony door and 

windows
9,575 0,700 0,700 1,000 1,000 6,703

S1 peripheral wall 23,166 0,125 0,050 0,175 1,000 1,000 4,046

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 10,748

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

        fix,k           

     [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 7,774 1,379 1,379 -0,114 -1,225

S3.c internal load bearing wall 15,000 5,980 0,501 0,501 0,143 0,428

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,177

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

     [-]

      B'        

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
   ΣHt,i             

[W·K-1]

20,000 -15,000 10,571 369,975

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

76,036 -15,000 0,500 38,018

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 38,018

Total design heat transmission loss of the specific room = 822,388 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

  [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

20,000

        Shading 

factor              ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 13,686

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

Heat loss due to natural ventilation

             Ht [W·K-1]

12,926 452,412
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

205B Bathroom 24,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k         

   [-]

       fie,k         

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 0,900 0,700 0,700 1,000 1,000 0,630

S1 peripheral wall 4,183 0,125 0,050 0,175 1,000 1,000 0,731

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,361

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k           

    [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 20,000 18,921 1,379 1,379 0,103 2,677

Di interior timber door 20,000 1,680 1,800 1,800 0,103 0,310

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  2,987

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

     [-]

         B'           

   [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]

ΣHt,i         

[W·K-1]

24,000 -15,000 4,347 169,543

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

13,156 -15,000 0,500 6,578

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

39,000 6,578

Total design heat transmission loss of the specific room = 230,400 W

Heat loss due to natural ventilation

             Ht [W·K-1]

2,237 87,224

24,000

        Shading 

factor              ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 2,368

Ɵint,i  - θe [ ͦC]

Design heat transmission loss ΦT,i  [W]

39,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

   [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

206B Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

   fU,k         

[-]

       fie,k         

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
triple glazing plastic windows 

and balcony door
6,652 0,700 0,700 1,000 1,000 4,656

S1 peripheral wall 26,118 0,125 0,050 0,175 1,000 1,000 4,561

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 9,218

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

        fix,k        

  [-]
Ak.Ukc.fix,k

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,000

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

     [-]

         B'           

   [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

      θe,m        

       [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

20,000 -15,000 9,218 322,617

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

58,365 -15,000 0,500 29,182

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 29,182

Total design heat transmission loss of the specific room = 669,888 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

 [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

20,000

        Shading 

factor              ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 10,506

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

Heat loss due to natural ventilation

             Ht [W·K-1]

9,922 347,271
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

207B Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

     fU,k        

[-]

     fie,k      [-

]
Ak.(Uk+ΔUB).fU,k.fie,k

W triple glazing plastic window 2,175 0,700 0,700 1,000 1,000 1,523

S1 peripheral wall 8,978 0,125 0,050 0,175 1,000 1,000 1,568

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 3,090

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

[-]
Ak.Ukc.fix,k

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,620

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k           

     [-]

        B'           

  [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i       

[W·K-1]

20,000 -15,000 3,711 129,872

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

53,073 -15,000 0,500
26,536

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 26,536

Total design heat transmission loss of the specific room = 445,653 W

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

  [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

20,000

        Shading 

factor              ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 9,553

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

Heat loss due to natural ventilation

             Ht [W·K-1]

9,022 315,781
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

211 Laundry drying room 15,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

    [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

       fU,k         

  [-]

       fie,k       

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

S1 Peripheral wall 5,519 0,125 0,050 0,175 1,000 1,000 0,964

W triple glazing plastic window 3,750 0,700 0,700 1,000 1,000 2,625

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 3,589

structures

No.S. description
    θu       

       [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k          

  [-]
Ak.Ukc.fix,k

S3.b internal load bearing wall 20,000 12,379 0,501 0,501 -0,167 -1,033

S4 internal non-load bearing wall 10,000 7,379 1,379 1,379 0,167 1,696

C3 internal ceiling 0,000 6,970 0,779 0,779 0,500 2,714

C3 internal ceiling 10,000 3,760 0,779 0,779 0,167 0,488

Di interior timber door 10,000 1,890 1,800 1,800 0,167 0,567

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  4,433

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

    [m
2]

      Ag         

[m2]

            P           

      [m]

Uk   

[W/m2.K]

        fig,k           

     [-]

         B'       

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         θe,m    

      [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i       

[W·K-1]

15,000 -15,000 8,021 240,644

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

32,083 -15,000 15,000 0,500 16,041

       n50        

 [1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

30,000 16,041

Total design heat transmission loss of the specific room = 404,266 W

Heat loss due to natural ventilation

             Ht [W·K-1]

5,454 163,622

 Shading factor              

       ei

correction factor of height level 

from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,000 1,000 0,000

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

30,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe          

  [ ͦC]

indoor  

temperature Ɵint,i 

 [ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig



98 
 

Heat losses of third floor 

 

Room No. Name of the room Indoor temperature Ɵint,i [°C] 

301A Vestibule 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description    Ak         Uk   ΔUB  Ukc          fU,k              fie,k         Ak.(Uk+ΔUB).fU,k.fie,k

W Triple glazing plastic window 1,088 0,700 0,700 1,000 1,000 0,762

S1 Peripheral wall 1,857 0,125 0,050 0,175 1,000 1,000 0,324

R Roof 9,700 0,136 0,136 1,000 1,000 1,315

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 2,401

structures

No.S. description     θu                Ak         Uk   ΔU Ukc       fix,k       Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 6,094 1,379 1,379 -0,114 -0,961

S3.a internal load bearing wall 10,000 9,771 0,501 0,501 0,286 1,398

Di interior timber door 10,000 1,890 1,800 1,800 0,286 0,972

Di interior timber door 24,000 1,680 1,800 1,800 -0,114 -0,346

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  1,064

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

            P           

      [m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

    B'         

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         θe,m   

       [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

20,000 -15,000 3,465 121,280

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

29,003 -15,000 20,000 0,500 14,502

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 14,502

Total design heat transmission loss of the specific room = 293,848 W

4,931 172,568

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,000 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe              

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

    Shading factor              

         ei

correction factor of height 

level from terrain Ɛi

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

302A Washing machine room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k           

    [-]

     fie,k            

     [-]
Ak.(Uk+ΔUB).fU,k.fie,k

R Roof 1,980 0,136 0,136 1,000 1,000 0,269

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,269

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k          

     [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 3,190 1,379 1,379 -0,114 -0,503

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,503

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

      B'         

 [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000
             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 
       fGW,k            

        [-]

       θe,m    

      [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i         

[W·K-1]

20,000 -15,000 -0,234 -8,203

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

5,920 -15,000 20,000 1,500 8,880

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 8,880

Total design heat transmission loss of the specific room = 97,473 W

Heat loss due to natural ventilation

             Ht [W·K-1]

3,019 105,676

 Shading factor              

      ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,000 1,000 0,000

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe             

  [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

303A Toilet 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

           fU,k              

            [-]

        fie,k          

      [-]
Ak.(Uk+ΔUB).fU,k.fie,k

R Roof 3,480 0,136 0,136 1,000 1,000 0,472

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,472

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k         

    [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 1,704 1,379 1,379 -0,114 -0,269

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,269

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

         B'         

    [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

       fθann               

          [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

     θe,m         

       [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
    ΣHt,i            

 [W·K-1]

20,000 -15,000 0,203 7,115

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

10,405 -15,000 0,500
5,203

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 5,203

Total design heat transmission loss of the specific room = 69,026 W

Heat loss due to natural ventilation

             Ht [W·K-1]

1,769 61,911

20,000

   Shading factor              

        ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 0,000

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

304A Kitchen and living room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

           fU,k              

            [-]

          fie,k                       

          [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
Plastic balcony door and 

windows
9,575 0,700 0,700 1,000 1,000 6,703

S1 peripheral wall 23,166 0,125 0,050 0,175 1,000 1,000 4,046

R flat roof 25,430 0,700 0,700 1,000 1,000 17,801

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 28,549

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

        fix,k           

       [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 7,774 1,379 1,379 -0,114 -1,225

S3.c internal load bearing wall 15,000 5,980 0,501 0,501 0,143 0,428

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,177

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

      B'        

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
   ΣHt,i             

[W·K-1]

20,000 -15,000 28,372 993,010

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

76,036 -15,000 0,500 38,018

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 38,018

Total design heat transmission loss of the specific room = 1445,423 W

Heat loss due to natural ventilation

             Ht [W·K-1]

12,926 452,412

20,000

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 13,686

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

305A Bathroom 24,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k         

    [-]

       fie,k         

    [-]
Ak.(Uk+ΔUB).fU,k.fie,k

R Flat roof 4,390 0,136 0,136 1,000 1,000 0,595

W triple glazing plastic window 0,900 0,700 0,700 1,000 1,000 0,630

S1 peripheral wall 4,183 0,125 0,050 0,175 1,000 1,000 0,731

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 1,956

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k           

      [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 20,000 18,921 1,379 1,379 0,103 2,677

Di interior timber door 20,000 1,680 1,800 1,800 0,103 0,310

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  2,987

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

         B'           

      [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

     fθann        

 [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]

ΣHt,i         

[W·K-1]

24,000 -15,000 4,943 192,761

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

13,126 -15,000 0,500 6,563

       n50        

[1/h]

Number of unprotected 

opennings4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

39,000 6,563

Total design heat transmission loss of the specific room = 279,000 W

Heat loss due to natural ventilation

             Ht [W·K-1]

2,231 87,026

24,000

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)0,020 1,000 2,363

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC]

Design heat transmission loss ΦT,i  [W]

39,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe             

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

306A Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

   fU,k         

[-]

       fie,k         

    [-]
Ak.(Uk+ΔUB).fU,k.fie,k

R flat roof 19,520 0,136 0,136 1,000 1,000 2,647

W+D
triple glazing plastic windows 

and balcony door
6,652 0,700 0,700 1,000 1,000 4,656

S1 peripheral wall 26,118 0,125 0,050 0,175 1,000 1,000 4,561

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 11,865

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

        fix,k        

    [-]
Ak.Ukc.fix,k

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,000

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

         B'           

      [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

      θe,m       

        [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

20,000 -15,000 11,865 415,269

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

58,365 -15,000 0,500 29,182

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 29,182

Total design heat transmission loss of the specific room = 762,539 W

Heat loss due to natural ventilation

             Ht [W·K-1]

9,922 347,271

20,000

 Shading factor              

      ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 10,506

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe           

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

307A Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

     fU,k        

[-]

     fie,k      

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

R flat roof 17,750 0,136 0,136 1,000 1,000 2,407

W triple glazing plastic window 2,175 0,700 0,700 1,000 1,000 1,523

S1 peripheral wall 8,978 0,125 0,050 0,175 1,000 1,000 1,568

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 5,497

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

  [-]
Ak.Ukc.fix,k

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,620

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

        B'           

     [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i       

[W·K-1]

20,000 -15,000 6,118 214,122

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

53,073 -15,000 0,500
26,536

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 26,536

Total design heat transmission loss of the specific room = 529,903 W

Heat loss due to natural ventilation

             Ht [W·K-1]

9,022 315,781

20,000

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 9,553

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

308 Staircase 10,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k      

[-]

      fie,k        

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

WR Roof hatch 2,500 0,700 0,700 1,000 1,000 1,750

R flat roof 17,610 0,136 0,050 0,186 1,000 1,000 3,269

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 5,019

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k           

      [-]
Ak.Ukc.fix,k

S3.a internal load bearing wall 20,000 44,359 0,501 0,501 -0,400 -8,885

Di interior timber door 20,000 3,780 1,800 1,800 -0,400 -2,722

Di interior timber door 15,000 1,890 1,800 1,800 -0,200 -0,680

S4 internal non-load bearing wall 15,000 7,379 1,379 1,379 -0,200 -2,035

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -14,323

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

            P           

      [m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

       B'          

   [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         θe,m   

       [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]

     ΣHt,i          

   [W·K-1]

10,000 -15,000 -9,304 -232,598

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

52,654 -15,000
10,000

0,500
26,327

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

25,000 26,327

Total design heat transmission loss of the specific room = -8,819 W

Heat loss due to natural ventilation

             Ht [W·K-1]

8,951 223,779

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,000 1,000 0,000

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC]

Design heat transmission loss ΦT,i  [W]

25,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe             

  [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

301B Vestibule 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
   Ak         

[m2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k          

     [-]

    fie,k         

 [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W Triple glazing plastic window 1,088 0,700 0,700 1,000 1,000 0,762

S1 Peripheral wall 1,857 0,125 0,050 0,175 1,000 1,000 0,324

R Flat roof 9,700 0,136 0,136 1,000 1,000 1,315

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 2,401

structures

No.S. description
    θu          

 [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

     fix,k       

[-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 6,094 1,379 1,379 -0,114 -0,961

S3.a internal load bearing wall 10,000 9,771 0,501 0,501 0,286 1,398

Di interior timber door 10,000 1,890 1,800 1,800 0,286 0,972

Di interior timber door 24,000 1,680 1,800 1,800 -0,114 -0,346

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  1,064

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

            P           

      [m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

    B'         

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         θe,m   

       [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

20,000 -15,000 3,465 121,280

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

29,003 -15,000 20,000 0,500 14,502

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 14,502

Total design heat transmission loss of the specific room = 293,848 W

0,000 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

4,931 172,568

room 

volume

Vi(m
3)

Outdoor temperature Ɵe              

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

302B Washing machine room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

      fU,k           

    [-]

     fie,k            

     [-]
Ak.(Uk+ΔUB).fU,k.fie,k

R Flat roof 1,980 0,136 0,136 1,000 1,000 0,269

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,269

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k          

     [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 3,187 1,379 1,379 -0,114 -0,502

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,502

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

      B'         

 [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

       θe,m    

      [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i         

[W·K-1]

20,000 -15,000 -0,234 -8,186

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

5,920 -15,000 20,000 1,500 8,880

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 8,880

Total design heat transmission loss of the specific room = 97,489 W

3,019 105,676

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 0,000

Heat loss due to natural ventilation

             Ht [W·K-1]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe             

  [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

303B Toilet 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

           fU,k              

            [-]

        fie,k          

      [-]
Ak.(Uk+ΔUB).fU,k.fie,k

R Flat roof 3,480 0,136 0,136 1,000 1,000 0,472

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 0,472

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k         

    [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 1,704 1,379 1,379 -0,114 -0,269

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,269

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

         B'         

    [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

     θe,m         

       [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
    ΣHt,i            

 [W·K-1]

20,000 -15,000 0,203 7,115

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1)
Hygienic air exchange   Vmin,i(m

3/h)

10,405 -15,000 0,500
5,203

       n50        

[1/h]

Number of unprotected 

opennings

4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 5,203

Total design heat transmission loss of the specific room = 69,026 W

             Ht [W·K-1]

1,769 61,911

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 0,000

Heat loss due to natural ventilation

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

20,000

        Shading factor              

             ei

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

304B Kitchen and living room 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

           fU,k              

            [-]

          fie,k                       

          [-]
Ak.(Uk+ΔUB).fU,k.fie,k

W+D
Plastic balcony door and 

windows
9,575 0,700 0,700 1,000 1,000 6,703

S1 peripheral wall 23,166 0,125 0,050 0,175 1,000 1,000 4,046

R flat roof 25,430 0,700 0,700 1,000 1,000 17,801

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 28,549

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

        fix,k           

       [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 24,000 7,774 1,379 1,379 -0,114 -1,225

S3.c internal load bearing wall 15,000 5,980 0,501 0,501 0,143 0,428

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  -0,177

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

      B'        

[m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
   ΣHt,i             

[W·K-1]

20,000 -15,000 28,372 993,010

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

76,036 -15,000 0,500 38,018

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 38,018

Total design heat transmission loss of the specific room = 1445,423 W

Heat loss due to natural ventilation

             Ht [W·K-1]

12,926 452,412

20,000

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 13,686

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

305B Bathroom 24,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

        fU,k         

    [-]

       fie,k         

    [-]
Ak.(Uk+ΔUB).fU,k.fie,k

R Flat roof 4,390 0,136 0,050 0,186 1,000 1,000 0,815

W triple glazing plastic window 0,900 0,700 0,700 1,000 1,000 0,630

S1 peripheral wall 4,183 0,125 0,050 0,175 1,000 1,000 0,731

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 2,175

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

       fix,k           

      [-]
Ak.Ukc.fix,k

S4 internal non-load bearing wall 20,000 18,921 1,379 1,379 0,103 2,677

Di interior timber door 20,000 1,680 1,800 1,800 0,103 0,310

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  2,987

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

         B'           

      [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

     fθann      

[-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]

ΣHt,i         

[W·K-1]

24,000 -15,000 5,162 201,322

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

13,126 -15,000 0,500
6,563

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

39,000 6,563

Total design heat transmission loss of the specific room = 279,000 W

Heat loss due to natural ventilation

             Ht [W·K-1]

2,231 87,026

24,000

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 2,363

Specific heat transmission loss to ground HT,ig

Ɵint,i  - θe [ ͦC]

Design heat transmission loss ΦT,i  [W]

39,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe             

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

306B Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

   fU,k         

[-]

       fie,k         

    [-]
Ak.(Uk+ΔUB).fU,k.fie,k

R flat roof 19,520 0,136 0,136 1,000 1,000 2,647

W+D
triple glazing plastic windows 

and balcony door
6,652 0,700 0,700 1,000 1,000 4,656

S1 peripheral wall 26,118 0,125 0,050 0,175 1,000 1,000 4,561

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 11,865

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

        fix,k        

    [-]
Ak.Ukc.fix,k

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,000

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

         B'           

      [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

      θe,m       

        [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i        

[W·K-1]

20,000 -15,000 11,865 415,269

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

58,365 -15,000 0,500 29,182

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 29,182

Total design heat transmission loss of the specific room = 762,539 W

Heat loss due to natural ventilation

             Ht [W·K-1]

9,922 347,271

20,000

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 10,506

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe             

  [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

307B Bedroom 20,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

     fU,k        

[-]

     fie,k      

[-]
Ak.(Uk+ΔUB).fU,k.fie,k

R Flat roof 17,750 0,136 0,136 1,000 1,000 2,407

W triple glazing plastic window 2,175 0,700 0,700 1,000 1,000 1,523

S1 peripheral wall 8,978 0,125 0,050 0,175 1,000 1,000 1,568

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 5,497

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k        

  [-]
Ak.Ukc.fix,k

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  0,620

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

        P         

[m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

        B'           

     [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

Σ( Ak.Uequiv,k .fig,k .fGW,k ) 0,000

             

fθann               

   [-]

HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

θe,m [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i       

[W·K-1]
20,000 -15,000 6,118 214,122

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

53,073 -15,000 0,500
26,536

       n50        

[1/h]

Number of unprotected 

opennings

4,500 1,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

35,000 26,536

Total design heat transmission loss of the specific room = 529,903 W

Heat loss due to natural ventilation

             Ht [W·K-1]

9,022 315,781

20,000

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)

0,020 1,000 9,553

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

35,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe            

[ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)

Specific heat transmission loss to ground HT,ig
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Room No. Name of the room Indoor temperature Ɵint,i [°C] 

311 Laundry drying room 15,000 °C

Calculation of heat transmission loss 

Specific heat transmission loss directly to exterior HT,ie 

structures

No. Description
      Ak         

 [m
2]

Uk   

[W/m2.K]

ΔUB  

[W/m2.K]

Ukc  

[W/m2.K]

       fU,k         

   [-]

       fie,k       

  [-]
Ak.(Uk+ΔUB).fU,k.fie,k

S1 Peripheral wall 5,519 0,125 0,050 0,175 1,000 1,000 0,964

W triple glazing plastic window 3,750 0,700 0,700 1,000 1,000 2,625

R flat roof 10,730 0,136 0,136 1,000 1,000 1,455

HT,ie = Σ (Ak.(Uk+ΔUB).fU,k.fie,k) (W/k) 5,044

structures

No.S. description
    θu          

    [ ͦC]

      Ak         

[m2]

Uk   

[W/m2.K]

ΔU 

[W/m2.K]

Ukc  

[W/m2.K]

      fix,k          

    [-]
Ak.Ukc.fix,k

S3.b internal load bearing wall 20,000 12,379 0,501 0,501 -0,167 -1,033

S4 internal non-load bearing wall 10,000 7,379 1,379 1,379 0,167 1,696

C3 internal ceiling 10,000 10,730 0,779 0,779 0,167 1,393

Di interior timber door 10,000 1,890 1,800 1,800 0,167 0,567

HT,ia(..) = Σ (Ak.Uk.fix,k) (W/K)  2,623

Fix,k= f1 =  (θint,i – θu)/(θint,i – θe)

No.S. description
      Ak         

 [m
2]

      Ag         

[m2]

            P           

      [m]

Uk   

[W/m2.K]

        fig,k                  

      [-]

         B'       

  [m]
Uequiv.k   [W/m2.K]  Ak.Uequiv,k .fig,k .fGW,k 

0,000

       fθann        

   [-]
HT,ig = fθann .Σ (Ak.Uequiv,k.fig,k .fGW,k) (W/K) 

       fGW,k            

        [-]

         θe,m   

       [ ͦC]

1,450 0,000 1,000 3,900

Total design heat transmission loss ΦT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(θint,i - θe ) [W] 

Ɵint,i [ ͦC] Ɵe [ ͦC]
ΣHt,i       

[W·K-1]

15,000 -15,000 7,667 230,010

Design heat loss due to  ventilation - natural ventilation

Hyginic requirements

nmin(h-1) Hygienic air exchange   Vmin,i(m
3/h)

32,083 -15,000 15,000 0,500 16,041

       n50        

[1/h]

Number of unprotected 

opennings4,500 0,000

Ɵint,i-Ɵe max. of  Vmin,i , Vinf,i       Design heat loss due to ventilation Φv,i(W)

30,000 16,041

Total design heat transmission loss of the specific room = 478,000 W

Heat loss due to natural ventilation

             Ht [W·K-1]

5,454 163,622

        Shading factor              

             ei

correction factor of height 

level from terrain Ɛi

Amount of air infiltrated by 

building envelope Vinf,I (m
3/h)0,000 1,000 0,000

Specific heat transmission loss to ground HT,ig

Σ( Ak.Uequiv,k .fig,k .fGW,k )

Ɵint,i  - θe [ ͦC] Design heat transmission loss ΦT,i  [W]

30,000

room 

volume

Vi(m
3)

Outdoor temperature Ɵe             

    [ ͦC]

indoor  

temperature Ɵint,i  

[ ͦC]

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it H T,ia(..)



114 
 

Summary of heat losses from each floor 

 

 

[W]

S101 44,21

S102 -49,50

S103 1283,01

S104 181,01

S105 531,77

S106 708,37

S107 72,65

S108 263,63

S109 -160,68

S110 7,72

S111 1,94

S112 35,04

S113 -134,00

S114 6,34

S115 39,36

S116 38,15

S117 3,50

S118 -56,09
Σ 2816

-57,04

-116,63 60,54

-30,57 36,90

-14,39 53,75

-22,39 60,54

-249,20 115,21

-252,18 91,49

-38,33 46,05

-102,75 104,68

60,54

-62,45 135,11

85,72 177,91

77,29 103,72

267,93 263,83

405,93 302,44

-60,27 95,31

-16,33 60,54

-84,57 35,07

716,21 566,81

Heat loss from the basement

Room No.
Heat transmission loss Heat  loss due to ventilation Total heat loss

ΦT,i [W] ΦV,i [W]

[W]

101A 261,68

102A 92,18

103A 52,51

104A 851,12

105A 236,80

106A 669,89

107A 528,05

108 6,00

101B 337,86

102B 106,47

103B 84,82

104B 1052,00

105A 436,90

106B 851,11

107B 610,44

109 -174,60

Σ 6003

398,70 452,41

89,11 172,57

-13,50 105,68

-9,40 61,91

Heat loss from the first  floor

Room No.
Heat transmission loss Heat  loss due to ventilation Total heat loss

ΦT,i [W] ΦV,i [W]

212,26 315,78

-249,55 255,55

165,29 172,57

176,83 87,03

322,62 347,27

213,28 87,22

503,84 347,27

294,66 315,78

0,80 105,68

22,90 61,91

599,58 452,41

-128,00 53,14
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[W]

201A 247,81

202A 88,07

203A 52,51

204A 822,39

205A 240,90

206A 669,89

207A 445,65

211 404,27

208 -134,28

201B 247,81

202B 88,09

203B 52,51

204B 822,39

205B 240,90

206B 669,89

207B 445,65

Σ 5404

129,87 315,78

369,98 452,41

169,54 87,22

322,62 347,27

75,24 172,57

-17,58 105,68

-9,40 61,91

129,87 315,78

240,64 163,62

-358,06 223,78

169,54 87,03

322,62 347,27

75,24 172,57

-17,60 105,68

-9,40 61,91

Heat loss from the second floor

Room No.
Heat transmission loss Heat  loss due to ventilation Total heat loss

ΦT,i [W] ΦV,i [W]

369,98 452,41

[W]

301A 293,85

302A 97,47

303A 69,03

304A 1445,42

305A 279,00

306A 762,54

307A 529,90

308 -8,82

301B 293,85

302B 97,49

303B 69,03

304B 1445,42

305B 279,00

306B 762,54

307B 529,90

311 478,00

Σ 7424

230,01 163,62

201,32 87,03

415,27 347,27

214,12 315,78

-8,19 105,68

7,12 61,91

993,01 452,41

214,12 315,78

-232,60 223,78

121,28 172,57

993,01 452,41

192,76 87,03

415,27 347,27

121,28 172,57

-8,20 105,68

7,12 61,91

Heat loss from the third floor

Room No.
Heat transmission loss Heat  loss due to ventilation Total heat loss

ΦT,i [W] ΦV,i [W]

Total heat loss of the whole building = 21,70 kW
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B.1.4. Annual energy demand 

I used online calculator from tzb-info website [42] for the estimation of total annual 

energy demand for heating and hot water preparation which calculates according to 

location, outdoor calculation temperature, length of heating period and other boundary 

conditions. 

It uses the following equation to calculate annual heat demand: 

                                                         [kWh/year] 

 

Where: 

 QH,a … annual heat demand [kWh/year] 

 Φ𝐻𝐿… heat loss of the object [kW]  

ε … correction factor for temperature reduction, shortening of heating time, non-

simultaneous heat loss of ventilation and transmission [-] 

D …  number of day degrees [K.day]  

ϴis… average calculation indoor temperature [°C]  

ϴe … outdoor calculation temperature [°C] 
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Total annual energy demand for heating and hot water preparation  

Eheat,T = 96,6 MWh/year = 347,8 GJ/year. 

B.2. Design of hot water preparation 
Hot water will be prepared by indirect storage heating. Connection of water storage 

heater will be accomplished by separate branches from the collector and distributer. 

The most important parameters of a storage heater are its volume, output and heat 

exchanging surface. First, the daily hot water demand must be determined and based on 

it, the amount of heat needed to heat this amount of water, including system losses, will 

be calculated. 

Then we divide hot water consumption based on its consumption during separate periods 

of the day to be able to draw the so-called consumption diagram, from which we can 

determine the size of the tank, its capacity and the required heat exchanging surface.  
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Calculations: 

a) Theoretical heat taken from the heater during one period which is one day in case of 

apartment building : 

Q2t = n . Q2P            kWh 

Where 

Q2P …is the heat consumed from the heater during one period per unit of  measurement. 

Q2P = 4,3 kWh/person. 

 n… number of units of measurement which is in our case the number of inhabitants. 

        The apartment building is designed for 24 inhabitants so n = 24 persons. 

Q2t =24 . 4,3 = 103,2 kWh 

b) Heat lost during heating and distribution of hot water Q2z (kWh) according to the 

relation: 

Q2z = Q2t . z 

Where z is a coefficient expressing the estimation of heat losses during heating and 

distribution of hot water (with good insulation of heaters and pipes z = 0,5 to 0,8) 

Q2z = 103,2 . 0,5 = 51,6 kWh 

c) Total consumed and lost heat: Q2p = Q2t + Q2z = 154,8 kWh 

It is possible to consider the so-called time analysis of hot water consumption. For 

apartment buildings, the standard ČSN 06 0320 states the following time distribution: 

- from 5 to 17 hour = 35% of the total amount of hot water. 

- from 17 to 20 hour = 50% of the total amount of hot water. 

- from 20 to 24 hour = 15% of the total amount of hot water.  

So for our building: 

From 5 to 17, the consumption = 103,2 . 35/100 = 36,12 kWh 

From 17 to 20, the consumption = 103,2 . 50/100 = 51,6 kWh 

From 20 to 24, the consumption = 103,2 . 15/100 = 15,48 kWh 
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                                    Figure 26- hot water supply, consumption, and losses curves 

d) From the previous graph I got Q1p,which is heat provided by the heater to heat the 

water during one period. Q1p = 156,52 kWh. And the largest possible difference between 

the supply curve and the consumption curve ΔQmax = 38,7 kWh. 

e) The volume of storage heater Vz (m3), according to ČSN 06 0320: 

Vz = ΔQmax / (cw. Δt)  

Where  

ΔQmax … the largest possible difference between the supply curve and the heat 

consumption curve (kWh) 

   cw - specific heat capacity of water (kWh / m3.K), cw = 1,163 kWh/m3.K 

Δt - difference between hot and cold water temperature (K), Δt = 55 - 10 = 45 K. 

Vz= 38,7/(1,163 . 45) = 0,7395 m3 = 739,5 l 

f) Nominal heat output for water heating Qz (kW) is determined according to the relation: 

Qz = (ΔQ1 / tp) 

Where 

 ΔQ1 … amount of heat supplied by the heater to heat the water during a period tp, in 

which heat supply curve has the greatest slope (kWh) 

  Tp … time period (h), in which heat supply curve has the greatest slope 

Qz = 156,52/24 = 6,522 kW 
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I chose indirect storage heater ENBRA NOR 750 with volume 744 l  

 

Figure 27-section of storage heater ENBRA NOR 750[43] 

  

                                Figure 28-Parameters of storage heater ENBRA NOR 750[43] 

B.3. Design of heat sources in two variants 
Total heat loss of the whole building = 21,7 kW. 

Heat output needed for hot water preparation = 6,522 kW. 

Heat output of the heat source is designed according to ČSN EN 12828.  The so-called 

connection value of heat output is estimated, this is the higher of the two connection 

values. For the first value, we calculate only 70% of heat output needed for heating and 

air conditioning, meanwhiles we count with the entire output needed for hot water 

preparation. In the second value we calculate the full output needed for heating and air 

conditioning, but we do not count the output for hot water preparation at all. QPRIP = 

max.( QPRIP1, QPRIP2 ) 

   QPRIP1 = 0,7𝑄𝑉𝑌𝑇 + 0,7𝑄𝑉𝑍𝑇 + 𝑄𝑇V 

   QPRIP1 = 0,7*21,7+ 0,7*0 + 6,522 = 21,712 kW 

 

QPRIP2 = 𝑄𝑉𝑌𝑇 + 𝑄𝑉𝑍𝑇 = 21,7 + 0 = 21,7 kW 

QPRIP = max.( QPRIP1, QPRIP2 ) = 21,712 kW 
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Where  

QPRIP - connection value [kW] 

QPRIP1 - connection value for heating with intermittent ventilation and preparation of 

hot water [kW] 

QPRIP2 - connection value for heating with permanent ventilation [kW] 

QVYT - required output for heating [kW] 

QVZT - required output for air conditioning [kW] 

QTV - required output for hot water preparation [kW] 

In this diploma thesis I will be comparing two variants of energy sources. 

B.3.1. Variant A – Automatic wood pellet boiler 

Total needed heat output is equal to 21,7 kW. 

I suggest the following source of energy: automatic wood pellet boiler KP 21 from 

company Ponast. The boiler is equipped with automatic ignition and semi-automatic 

cleaning of exchangers, it is designed for installation from family houses to residential, 

and industrial buildings. Semi-automatic operation is ensured by automatic dosing of fuel 

and combustion air, manual operation is only cleaning the exchanger and ash removal. 

This boiler can be equipped with equithermal regulation, GSM system for remote 

monitoring and control and a module for connection to the Internet. 

This boiler has possible operation of continuous output from 8,6 kW to 29 kW with 

recommended temperature of heating water 55-80 ˚C. The boiler output can be 

controlled in the range of 30 - 100% of the nominal output.  

It consists of a boiler body - a steel weldment with a wall thickness of 3 – 6,3 mm, a linear 

burner made of heat-resistant stainless steel, ceramic parts, a thermally insulated boiler 

casing, an electronic control unit and fuel feeders. The boiler is designed for burning 

wood pellets with a diameter of 6 to 8 mm. 

Exhaust fume expelling and combustion air supply will be performed separately. The flue 

opens into the chimney Schiedel UNI ADVANCED with a diameter of 180 mm and the 

combustion air supply is provided by an opening in the façade, that is equipped with a 

grid. The boiler takes combustion air from the space. 

 According to the manufacturer, the opening must be near the floor with an area of 10 

cm2/1 kW of boiler output and it should be at least 20 cm2 . 

So, I suggest opening with an area of 220 cm2  and diameter of about 170 mm. 
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Figure 29-Automatic boiler for wood KP 21 [44] 

 

Figure 30-Parameters of automatic boiler KP 21[44] 

Boiler maintenance  

It is an automatic boiler with space sensors, permanent maintenance is not necessary, 

occasional maintenance consists of checking the amount of fuel in the storage and 

checking the amount of ash in the ashtray. At approximately a monthly interval, the heat 

exchanger is cleaned by a simple movement of the lever located on the outer casing of 

the boiler and ash is removed. 

B.3.1.a. Wood pellet storage 
A fixed silo with sloping floor 45  ͦ made of osb boards, with metal supporting structure  

will be installed in room number S103 B which will be added as well in the technical room 

using masonry partition walls. This fixed silo will serve as wood pellet storage. More 

details are provided in the drawing of floor plan of technical room-variant 1. 

The fixed silo has an area of 6,1 m2 , and is filled with pellets provided by tank truck which 

fills pellets in the silo through two PVC filling pipes with diameters of 120 mm three times 

per year. The pellets are automatically collected by the auger feeder and driven into the 

boiler. 
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the walls of the silo must be designed in such a way, to avoid contamination of the fuel. 

The silo must be equipped with an inspection opening (located under the ceiling, with a 

size 80 x 80 cm) it must have dustproof window to prevent dust from escaping into the 

surrounding area. No switches, sockets, or lamps may be installed inside the silo. 

 

Figure 31- cross section of the fixed silo for wood pellet storage[45]   

1: filling openings. 2: fuel-pellets. 3: sloping floor 45 °, made of OSB boards. 4: auger 

feeder gutter. 5: delivering channel. 6: metal supporting structure  

    

 

Figure 32- fixed silo for wood pellet storage [45]   

1: automatic pellet boiler. 2 : pellet auger feeder. 3: pellet collector.  

It is necessary to build a sloping floor at an angle of 45 ° made of osb boards, to achieve 

complete emptying of pellet storage. Due to the sloping floor and the unusable space 

under the ceiling, we can count for storage only 2/3 of its total volume. Pellet storage 

also will be provided with a damping curtain 1400x1400 mm, to dampen the impact of 

the pellets hitting silo wall (to prevent crushing of the pellets and plaster).  
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All structural elements of the silo must withstand the static requirements of the wood 

pellet load (bulk weight = 650 kg /m3) and dynamic load caused by pneumatic filling from 

the tank. 

The fixed silo has an area of 6,1 m2 from which I calculated the possible used volume for 

pellet in the fixed silo.  

V = 6,1 * 2,840 * (2/3) = 11,55 m3 

B.3.1.b. Annual fuel consumption and fuel storage design – basic determination  

 

 

B.3.1.c. Design of storage tank for variant A  
When designing the storage tank, I considered a value of 50 liters per 1 kW of heat 

output according to the manufacturer[46]. 

The total volume of the tank is therefore 22 kW x 50 l = 1100 l. 

I chose storage tank LMG 1200 0V, that will be insulated using PU foam. 

Annual pellets consumption and storage volume calculations

Annual energy demand for heating and hot water 

preparation = 347 800 MJ (see B.1.4. Annual energy demand)

Calorific value of wood pellets = 18 MJ/kg 

Efficiency of wood pellet boiler = 90 %

Fuel consumption per year = 22 083 kg/year = 22,08 ton

Density of wood pellets = 0,62 kg/dm
3

Volume needed for storage of wood pellets = 35 617 dm3 /year

Volume needed for storage of wood pellets = 35,6 m
3
/year

Checking of fixed silo volume

Volume used for pellets in fixed silo = 11,55 m3

Number of refilling of the pellet warehouse in the 

fixed silo = 3 times/year

Pellets weight per one refilling = 7,36 ton/refilling
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Figure 33-storage tank LMG 1200 0V [47] 

 

Figure 34-parameters of storage tank LMG 1200 0V[47] 

B.3.2. Variant B - Air source heat pump 

In my design I’ve chosen mono-energy operation mode of the heat pump, which means 

that Heat loss of the building and heat output needed for hot water preparation are 

largely covered by the heat pump, but during the most unfavourable temperatures 

electric heating is turned on.[40] 

I chose two heat pumps Logatherm WPL 14 AR Comfort. Each one has output of 14 kW 

and is supplied by electrical heat insert which has maximal output of 9 kW.  

Total required heat output of our apartment building(-15° C) is equal to 21,7 kW. 

Required heat output of one heat pump is equal to 10,86 kW. When choosing a heat 

pump it is very important to specify the bivalent point, which is outdoor temperature 

under which electric heating(or a secondary heat source) is turned on. It should lie within 

the range -7 to -10  ͦC [48]. Both heat pumps will be running during winter for heating and 
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hot water preparation, and during summer only one heat pump will be running for hot  

water preparation. 

 

 

Figure 35-specifying bivalent point for Logatherm WPL AR heat pump and the apartment building 

From previous graph we can see that bivalent point lies at -10,7  ͦC. Until this temperature 

two heat pumps cover all required heat output. At lower temperature than -10,7  Cͦ the 

electrical inserts are switched on and they supply the extra heat output needed which is 

2,9 kW for each heat pump at the most unfavourable temperature which is -15  ͦC in 

Olomouc city. 

This heat pump consists of two units that are connected to each other: 

1. Inner unit that is mounted on the wall, the wall must be load bearing. 
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2. Outdoor unit, which must be accessible from all sides. Details about its position are 

provided in the drawing of the technical room. It must be placed on a stable base, 

made of precast concrete strips. 

 

Figure 36- minimal distance around heat pump[40] 

Heat pump parameters: 

Bivalence point: -10,7 ° C 

Total required heat output(-15° C) is equal to 21,7 kW.   

 Required heat output of one heat pump (-15° C): 10,86 kW 

Output of one heat pump at the bivalence point: 9,5 kW 

Output of one heat pump at temperature (-15° C): 8 kW 

Required output of electrical inserts at temperature (-15° C):  2,9 kW 

The output of both heat pumps at -15 ° C is 2 x 8 kW = 16 kW.  

Each heat pump also contains an electric heating insert with an output up to 9 kW but 

only 2,9 kW is required, so in total 5,8 kW will be required from both electric heating  

inserts of the two heat pumps during the most unfavourable conditions(-15° C). 

B.3.2.a. Annual energy consumption of heat pumps – basic determination  
I used online calculator from TZB-info website to calculate annual energy consumption of 

heat pumps air/water. [49]  

This calculator helps in comparing the costs for heating, hot water and electricity. It 

calculates according to location, outdoor calculation temperature, length of heating 

period, total heat loss, number of inhabitants, amount of hot water needed per one 

person per day and other details about energy source which is in our case heat pump 

air/water in addition to other boundary conditions. After entering all necessary 

information about the object, I got the value of 19 436 kWh/year. 
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B.3.1.b. Design of storage tank for variant B  
The storage tank is designed to optimize the operation of heat pumps, and to store 

enough amount of heating water for longer period of time, to reduce the frequency of 

compressor start-up and thus prolongs its life.  

The design of storage tank is done according to manufacturer’s recommendation: 

Volume of storage tank: Vmin =15 x 21,7 = 325,68 l. 

                                              Vmax = 20 x 21,7 = 440 l. 

I chose storage tank PS 400 K+ of volume 403 l, from company Regulus. 

 

Figure 37-parameters of storage tank PS 400 K+ 

B.3.3. Heat sources comparison 

B.3.3.a. Economical comparison 
1) Automatic wood pellet boiler economical evaluation:  

 

Calculation of costs of wood pellet automatic boiler KP 21 and its installation 

Cost of wood pellet automatic boiler KP 21 = 94 380 Kč

Other costs:

pellet feeder(of length 1,8m)= 10 000 Kč

Damping curtain = 1 653 Kč

Connecting pipe in the filling opennings = 2 676 Kč

Installation = 30 000 Kč

OSB boards, supporting angles = 20 000 Kč

Total costs  (of pellet boiler and its installation) 158 709 Kč
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2) Heat pumps economical evaluation: 

 

 

3) Summary of costs: 

 

Annual price of pellets and its delivery

I chose company biomac for ordering pellets(WOOD PELLETS STANDARD - TANK)

Price of pellets per 1 ton = 5 890 Kč/ton

Fee for delivery of pellets by a tank truck = free

Pellets weight per one refilling = 7,36 ton/refilling

Number of refilling per year = 3 times/year

Cost of pellets per one refilling = 43 355 Kč/refilling

Total cost of pellets including delivery per year = 130 066 Kč/year

Calculation of costs of heat pumps Logatherm WPL 14 AR Comfort and their installaion

Cost of one heat pump Logatherm WPL 14 AR Comfort = 240 000 Kč

Cost of two heat pumps Logatherm WPL 14 AR Comfort = 480 000 Kč

Installation and earthwork = 15 000 Kč

Concrete base and gravel = 3000 Kč

Total costs(of heat pumps and their installation) = 498 000 Kč

Annual consumption price calculation

Annual energy consumption of two pumps = 19436 kWh/year

Price of elektricity per kWh = 2,95 Kč/kWh

Annual cost of electricity = 57336 Kč

Wood pellet 

boiler

Air source heat 

pump

22,08  ton/year 19,4 KWh/year

130 051 Kč 57 336 Kč

94 380 Kč 480 000 Kč

64 329 Kč 18 000 Kč

288 760 Kč 555 336 Kč
Total annual cost in 

first year

Annual fuel 

consumption

Annual  fuel 

consumption price

Cost of boiler/pumps
Other costs including 

installation
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Figure 38- overview of total costs of both variants of heat source 

 

 

Conclusion: since payback period is 7 years and life span of heat pumps and wood pellet 

boilers according to ČSN EN 15459-1 is 15-20 years, we can conclude that in long terms 

the air source heat pump is more economical than wood pellet boiler for our apartment 

building.  

B.3.3.b. Environmental effect comparison 
The environmental effect of both sources is carried out based on the amount of CO2 

emission of both energy sources. 

Variant-A(Wood pellet boiler): Wood is a renewable energy souce, that during its 

lifetime it binds just as much CO2 as it produces when it is burnt, resulting in zero CO2 

balance. Biomass wood pellets are therefore a CO2-neutral fuel. Utilization of biomass 

boilers such as wood pellet boiler may have great impact on the reduction of greenhouse 

effect.[19] 

Variant-B(Air source heat pump): 

The heat pump runs on electricity and takes most of the heat from the environment 

which is air in our case and according to the manufacturer heat pump Logatherm WPL 14 

AR, has high heating factor COP of 4,2 (thus an efficiency of 420%). 

Electricity production results in CO2 emission with a value of 0,86 ton per 1 MWh of 

electricity according to decree No. 140/2021 Coll(Energy Audit Decree). And we know 

that annual energy consumption of both heat pumps is 19,44 MWh/year. 
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Therefore the annual amount of CO2 emitted for electricity generation, which is required  

to run both air source heat pumps is :  

19,44 MWh/year 

420%
  x 0,86 t CO2/MWh = 3,98 t CO2 /year 

Conclusion: 

Both heat sources are highly eco-friendly and has zero to minimum impact on the 

environment. Wood pellets are CO2-neutral fuel, meanwhiles electricity that is needed to 

run both air source heat pumps produces 3,98 t of CO2/year, which has minimal impact 

on the environment. So we can conclude that a wood pellet boiler makes a better choice 

from the environmental aspect comparing to air source heat pump.  

B.3.3.c. Spatial requirements and user comfort comparison 
 Variant-A(Wood pellet boiler): it’s important to consider the spatial requirements of a 

wood pellet boiler. In our design, we’ve seen that a wood pellet storage of fixed silo of an 

area of 6,1 m2 is necessary to have.  

Occasional maintenance of wood pellet boiler is required, it consists of checking the 

amount of fuel in the storage and checking the amount of ash in the ashtray. At 

approximately a monthly interval, the heat exchanger should be cleaned by a simple 

movement of the lever located on the outer casing of the boiler and ash should be 

removed. 

Variant-B(Air source heat pump):  in the case of an air source heat pump, smaller indoor 

space is required for the inner unit and an outdoor space is required for the outdoor unit. 

Air source heat pump requires relatively little maintenance. In winter, it is necessary to 

control the outflow of water during defrosting. If ice accumulates somewhere, the ice 

should be removed. However, Buderus heat pumps are equipped with controlled 

automatic defrosting, which removes any ice from the evaporator. 

 At the beginning of heating season, evaporator slats should be cleaned. Because after 

time of standing or using they may become clogged with dirt, so special brushes are used 

to clean the slats.  

B.3.4. Variant selection 

Both variants are highly energy-efficient. Wood pellet boiler has zero impact on the 

environment since it’s Co2 neutral and air to water heat pump has minimal impact on the 

environment, however it is more economical on the long term than a wood pellet boiler. 

On the other hand, wood pellet boiler requires more space and more maintenance during 

heating season than air source heat pump. 

I select air source heat pump because it makes a better economical solution on the long 

term than wood pellet boiler, and it requires less maintenance and less space. 

https://jlphillips.co.uk/what-is-energy-efficiency-and-how-can-you-make-the-most-of-it/
https://jlphillips.co.uk/what-is-energy-efficiency-and-how-can-you-make-the-most-of-it/
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B.4. Design of heating surfaces 

B.4.1. Calculation of temperature drop and mean radiator temperature 

To determine temperature drop between heating water and return water in the heating 

circuits, I used the calculation of the mean radiator temperature and surface temperature 

of the window, from which I subsequently determined temperature drop. 

The largest window in the apartment building with the following parameters was selected 

for the calculation.  

αi,w = 8 W/m2K  

Uw = 0,7 W/m2K  

ti = 20 °C 

 te = -15°C  

Hw = 1,45m     Lw = 2,3 m (of window) 

HOT = 0,9 m     LOT = 2,2 m (of radiator) 

Calculation of surface temperature of window tw 

Uw ∙ (ti − te) = αi,w ∙ (ti – tw)  

0,7 . (20+15) = 8 . (20-tw )                                    tw= 16,94 °C 

Calculation of mean radiator temperature tot,m 

Lot.Hot.( tot,m -ti) ≥ Lw.Hw.(ti-tw) 

2,2 . 0,9 .(tm-20) ≥ 2,3 . 1,45 . (20-16,94)                                  tot,m ≥ 25,15 °C 

So average heat temperature in the heating system should be more than 25,15 and since 

air to water heat pumps work in low temperature heating systems, I choose temperature 

drop of 55/45 with tot,m= 50 °C. 

where tw1=55 °C, it is the temperature of heating water.  

and tw2=45 °C, it is the temperature of return water. 

B.4.2. Design of radiators  

For the design, I chose radiators from the company Korado. Radiator type RADIK VK will 

be designed in all rooms of the apartment building except the bathrooms. Radik VK 

radiator is a steel panel radiator which allows right or left bottom connection with forced 

circulating system. Panel radiators are usually designed in residential units and in 

communal areas.  

The bathroom of each apartment will have a towel rail 

radiator KORALUX LINEAR CLASSIC-M, which is made of closed steel profiles with a “D” -

shaped cross-section and straight profiles with a circular cross-section. 
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Real radiator output Qreal 

Qreal = QT ∙ ϕ ∙ z1 ∙ z2 ∙ z3 [W] 

Where: 

QT ….. heat output of radiator in design conditions 

ϕ ….. coefficient considering the way of connection of the radiator 

z1 ….. coefficient for the adjustment of the surroundings (cover, placement under the 

window sill, etc.) 

z2 ….. coefficient per number of elements  

z3 ….. coefficient for the location of the radiator in the room 

The following must be fulfilled : ΣQreal ≥ QT 

When choosing the radiators, I used online software from KORADO company for the 

conversion of radiator output for a specific temperature drop. 

Branches B1, B2, and B3 on collector and distributer will supply heating water to all 

radiators. 

 

Basment

Branch Room No. Description of the  room
ti 

(˚C)

Heat losses 

of the 

room QHL,I 

(W)

Type of radiator
No. Of 

pieces

Radiator 

output 

55/45 

(W)

z1 z2 z3 Φ

Real 

radiator 

output 

Qreal (W)

B3 S101 Corridor 15 44,21 not needed - - - - - - -

B3 S102 Storeroom 15 -49,50 not needed - - - - - - -

B3 S103
Technical room

20 1283,01 Radik 22 VKL - 600/1500 1 1358 1 1 1 1 1358

B3 S104 Toilet 20 181,01 Radik 10 VK - 600/700 1 218 1 1 1 1 218

B3 S105 Privat gym for inhabitants 20 531,77 Radik 11 VKL -600/1200 1 615 1 1 1 1 615

B3 S106 Privat gym for inhabitants 20 708,37 Radik 11 VKL - 700/2000 1 715 1 1 1 1 715

B3 S107 Corridor 15 72,65 not needed - - - - - - -

B3 S108 staircase 10 263,63 Radik 10 VKL - 700/1100 1 393 1 1 1 1 393

Σ 3299
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First floor

Branch Room No. Description of the  room
ti 

(˚C)

Heat losses 

of the 

room QHL,I 

(W)

Type of radiator
No. Of 

pieces

Radiator 

output 

55/45 

(W)

z1 z2 z3 Φ

Real 

radiator 

output 

Qreal (W)

B2 101A Vestibule 20 261,68 Radik 10 VK - 600/700 1 359 1 1 1 1 359

B2 102A Washing machine room 20 92,18 not needed - - - - - - -

B2 103A Toilet 20 52,51 not needed - - - - - - -

B2 104A Kitchen and living room 20 851,12
               Radik 10 VKL - 600/1600               

   Radik 10 VKL - 600/1400
1

    499     

 437
1 1 1 1 936

B2 105A Bathroom 24 236,80 Koralux linear classic M - 1220/450 1 243 1 1 1 1 243

B2 106A Bedroom 20 669,89
            Radik 10 VK - 600/1200           

Radik 10 VK - 600/1200
1

   374     

374
1 1 1 1 748

B2 107A Bedroom 20 528,05 Radik 10 VKL - 700/1600 1 572 1 1 1 1 572

B3 108 Staircase 10 6,00 not needed - - - - - - -

B1 101B Vestibule 20 337,86 Radik 10 VKL - 600/700 1 359 1 1 1 1 359

B1 102B Washing machine room 20 106,47 not needed

B1 103B Toilet 20 84,82 not needed - - - - - - -

B1 104B Kitchen and living room 20 1052,00
          Radik 10 VK - 600/1600                

Radik 11 Vk - 600/1000
1

    499     

 513
1 1 1 1 1012

B1 105B Bathroom 24 436,90 Koralux linear classic M - 1500/750 1 487 1 1 1 1 487

B1 106B Bedroom 20 851,11
               Radik 10 VKL - 600/1600               

   Radik 10 VKL - 600/1200
1

   499    

374
1 1 1 1 873

B1 107B Bedroom 20 610,44 Radik 11 VK - 600/1200 1 615 1 1 1 1 615

B1 109 Entrance vestibule 0 -174,60 not needed - - - - - - -

Σ 6204

Second floor

Branch Room No. Description of the  room
ti 

(˚C)

Heat losses 

of the 

room QHL,I 

(W)

Type of radiator
No. Of 

pieces

Radiator 

output 

55/45 

(W)

z1 z2 z3 Φ

Real 

radiator 

output 

Qreal (W)

B2 201A Vestibule 20 247,81 Radik 10 VK - 700/700 1 250 1 1 1 1 250

B2 202A Washing machine room 20 88,07 not needed - - - - - - -

B2 203A Toilet 20 52,51 not needed - - - - - - -

B2 204A Kitchen and living room 20 822,39
               Radik 10 VKL - 600/1600               

   Radik 10 VKL - 600/1100
1

    499     

 343
1 1 1 1 842

B2 205A Bathroom 24 240,90 Koralux linear classic M - 1220/450 1 243 1 1 1 1 243

B2 206A Bedroom 20 669,89
  Radik 10 VK - 600/1200                 

Radik 10 VK - 600/1200
1

    374      

  374
1 1 1 1 748

B2 207A Bedroom 20 445,65 Radik 10 VKL - 600/1600 1 499 1 1 1 1 499

B3 208 Staircase 10 -134,28 not needed - - - - - - -

B1 201B Vestibule 20 247,81 Radik 10 VKL - 700/700 1 250 1 1 1 1 250

B1 202B Washing machine room 20 88,09 not needed

B1 203B Toilet 20 52,51 not needed - - - - - - -

B1 204B Kitchen and living room 20 822,39
               Radik 10 VK - 600/1600               

 Radik 10 Vk - 600/1100
1

    499      

  343
1 1 1 1 842

B1 205B Bathroom 24 240,90 Koralux linear classic M - 1220/450 1 243 1 1 1 1 243

B1 206B Bedroom 20 669,89
  Radik 10 VKL - 600/1200                 

Radik 10 VKL - 600/1200
1

     374     

  374
1 1 1 1 748

B1 207B Bedroom 20 445,65 Radik 10 VK - 600/1600 1 499 1 1 1 1 499

B3 211 Laundry room 15 404,27 Radik 10 VK - 600/1600 1 499 1 1 1 1 499

Σ 5663
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B.4.3. Used heating surfaces 

• Steel panel radiator KORADO RADIK VK 

   

Figure 39- Steel panel radiator Korado Radik VK[50]            Figure 40- connection of radiator Radik VK to  the  

                                                                                                         heating system[50] 

 

 

Third floor

Branch Room No. Description of the  room
ti 

(˚C)

Heat losses 

of the 

room QHL,I 

(W)

Type of radiator
No. Of 

pieces

Radiator 

output 

55/45 

(W)

z1 z2 z3 Φ

Real 

radiator 

output 

Qreal (W)

B2 301A Vestibule 20 293,85 Radik 10 VK - 600/700 1 359 1 1 1 1 359

B2 302A Washing machine room 20 97,47 not needed - - - - - - -

B2 303A Toilet 20 69,03 not needed - - - - - - -

B2 304A
Kitchen and living room

20 1445,42
               Radik 10 VKL - 700/1800               

   Radik 11 VKL - 700/1400
1

    643    

815
1 1 1 1 1458

B2 305A Bathroom 24 279,00 Koralux linear classic M - 900/750 1 279 1 1 1 1 279

B2 306A Bedroom 20 762,54
                 Radik 10 VK - 600/1400                 

     Radik 10 VK - 600/1200
1

   437     

374
1 1 1 1 811

B2 307A Bedroom 20 529,90 Radik 10 VKL - 700/1600 1 572 1 1 1 1 572

B3 308 Staircase 10 -8,82 not needed - - - - - - -

B1 301B Vestibule 20 293,85 Radik 10 VKL - 600/700 1 359 1 1 1 1 359

B1 302B Washing machine room 20 97,49 not needed

B1 303B Toilet 20 69,03 not needed - - - - - - -

B1 304B Kitchen and living room 20 1445,42
               Radik 10 VK - 700/1800               

 Radik 11 Vk - 700/1400
1

   643     

815
1 1 1 1 1458

B1 305B Bathroom 24 279,00 Koralux linear classic M - 900/750 1 279 1 1 1 1 279

B1 306B
Bedroom

20 762,54
                  Radik 10 VKL - 600/1400                  

         Radik 10 VKL - 600/1200
1

   437     

374
1 1 1 1 811

B1 307B Bedroom 20 529,90 Radik 10 VK - 700/1600 1 572 1 1 1 1 572

B3 311 Laundry room 15 478,00 Radik 10 VK - 600/1600 1 499 1 1 1 1 499

Σ 7457

Branches Description
Total output 

[kW]

B1 Eastern flats 9,407

B2  Western flats 8,919

B3 Comunal areas 4,297

Total 22,623
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                                    Figure 41-technical data of Korado Radik VK radiator[50] 

• Steel panel radiator RADIK VKL 

 

 

Figure 43-Radiator Radik VLK connection to the heating  
system[50] 

Figure 42-Steel panel radiator Radik VKL[50] 
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Figure 44-technical data of Korado Radik VKL radiator[50] 

 

Figure 45- thermostatic head Heimeier - Type DX[50] 

 

• Towel rail radiator KORALUX LINEAR CLASSIC - M 
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Figure 46-Radiator Koralux linear classic – M[51] 

 

 
Figure 47- connection of radiator Koralux Linear classic – M[51] 

 

                         Figure 48-technical data of radiator Koralux linear classic-M[51] 
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B.5. Dimensioning and hydraulic balancing of heating system  
Heating system is designed as a two-pipe, low temperature heating system. The 

apartment building is divided into two parts of apartments; east and west; and a part 

with communal areas. Each part has its own branch from the distributer and collector in 

the basement, and then own rising pipe leading from the basement up to the last floor.  

On each floor and before the entrance to each apartment, there will be a niche in the 

masonry wall, in which will be measuring unit for each apartment. A measuring unit 

consists of a heat meter Sharky 774, DN 20, installed on the heating water pipe, which is 

connected with a temperature measuring ball valve on the return pipes. Closing ball 

valves are installed before and after the heat meter, as well as on the return pipe. Also, a 

filter before the heat meter is necessary to have to protect the device from getting 

clogged. 

Total disposition pressure loss to the furthest radiator must be equal to total disposition 

pressure loss to any other radiator, in order for the water to flow to all radiators, so 

hydraulic balancing is required. 

The whole heating system is balanced by the presetting of thermostatic valves TRV of 

panel radiators Radik VK and Radik VKL, and also the presetting of HM fittings of Koralux 

linear classic-M towel rail radiator.  

The most distant and at the same time the most powerful radiator in each apartment is 

selected and from there each section is dimensioned. Section means the part where the 

mass flow is the same. The design is done according to economic (optimal) speeds. 

Speeds in the connecting pipes should be in the range 0,15 - 0,6 m/s and for main 

horizontal distribution pipes the speed should be in the range 0,6 - 1,0 m/s . Specific 

pressure loss should be in the range 60 - 100 Pa/m for connecting pipes and 110 - 200 

Pa/m for main distribution pipes. According to these principles, we can choose nominal 

pipe diameter DN, and calculate specific pressure loss R [Pa /m] and flow speed w [m/s]. 

[41]  

The following values should be determined: 

Determination of mass flow  

M = (Q*3600) / (c * Δt )        [kg/h] 

Where Q ….. heat output[W] 

              c…..specific thermal capacity of water[J/kg.K] 

              Δt…..temperature difference[K] 

Determination of Disposition pressure 

Disposition pressure consists of the sum of friction pressure loss, local resistance pressure 

loss in the pipelines and pressure loss due to presetting of valves. It is necessary to 
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overcome these pressure losses by using a pump, in order for the heating water to flow in 

pipes. 

Friction pressure loss  

ΔPλ = λ . 
𝑙

𝑑
 . 

𝑤2

2
. ρ = R . l  

Where  ∆pλ … friction pressure losses [Pa] 

                  R … specific pressure loss [Pa/m] 

                   L … section length [m] 

                   λ … coefficient of friction depending on the type of flow and roughness of the   

                           material [-] 

                   d … internal pipe profile [mm] 

                   w … water velocity in the pipe [m/s] 

                    ρ … water density [kg /m3] 

To calculate the pressure loss due to friction, I used online software on TZB - info website. 

Pressure loss was calculated for average temperature 50  .ͦ [52] 

Local resistance pressure loss 

𝑍 = ∆𝑝𝜉 = ∑𝜉.𝑤2

2
. ρ  

Where Z, ∆pξ … pressure loss by local resistances [Pa] 

                         𝜉 ... local resistance factor [-] 

                     w … water velocity in the pipe [m /s] 

                      ρ … water density [kg /m3] 

Presetting of valves  

The system must be hydraulically balanced. Panel radiators are provided with 

thermostatic valve(TRV). The towel rail radiators are provided with HM fitting. 

We determine the correct presetting of TRV valves and HM fitting according to the 

required pressure loss and mass flow by using diagrams that are provided by the 

manufacturer. 
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Figure 45-Graph for determining the presetting of thermostatic valve(TRV) for RADIK VK and VKL 

radiators[50] 
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Figure 46 - diagram for presetting of HM fitting[51] 

 

Figure 47- thermostatic valve of RADIK VK and VKL radiators[50] 
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Calculations of dimensioning and hydraulic balancing of the whole heating 

system 

 

 

 

THIRD FLOOR
Temperature difference 10K (55/45)

Dimensioning of basic longest circuit to radiator 11 -VKL 700/1400 in room 304 A (to apartment 5)including rising pipe S1

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

    ΔpDIS    

(Pa)

1 7,94 643 55,378 12x1 76,3 0,20 605,82 22,49 449,80 TRV(8) 550 1605,62 1605,62

2 17,4 1458 125,569 15x1 102 0,27 1774,8 4,69 170,95 1945,75 3551,37

3 13,89 3479 299,627 22x1 58,6 0,27 813,95 16,09 586,48 2000 3400,43 6951,81

Heat meter Sharky 774(DN 20)   ΔpRV = 2000 Pa

4 6,42 6061 522 28x1,5 53,2 0,3 341,54 0,9 40,50 382,04 7333,85

5 29,7 8919 768,14 28x1,5 105 0,44 3118,5 25,4 2458,72 7430 13007,22 20341,07

Balancing valve(DN=25)   ΔpRV = 2500 Pa

Filter(DN25)   ΔpRV = 4930 Pa 20341,07

Three way valve(DN20)   ΔpRV = 9441 Pa 29781,78

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

elbow x 2 Σ

4,69

elbow x 10 KKx4 Σ

2 16,09

Σ

0,90

VKx4 ZKx1 elbow x 12 KKx4 Σ

2 4,3 2 25,40

narrowing

collector and distributer entrance

1

collector and distributer exit

0,5

0,3

0,3

divisionconnection

0,040,150,30,613

enlargement division

4
connection division

0,6

15,6

1

0,040,15

0,610,4

narrowingenlargement divisionconnection

connection
3

2

0,040,15

1,30,62,6

narrowingenlargement 

5

Valve setting    TRV/HM

Dimensioning of section to radiator 10-VKL 700/1800 in room 304 A

Sec. No.
     l     (m)

          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

6 1,8 815 70,1914 15x1 32,1 0,15 57,78 18,29 205,76 TRV(7) 263,54 263,54

- 263,54 = 1342,08 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

enlargement narrowing

5,2 0,6 1,3 0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

1605,62 Presetting according to diagram (7)

6
connection division

Dimensioning of circuit to radiator 10 -VK 600/1400 in room 306 A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

    ΔpDIS    

(Pa)

7 5,13 437 37,6364 10x1 92,3 0,21 473,13 22,49 495,90 TRV(4) 969,03 969,03

8 6,2 811 69,8469 12x1 125 0,25 775 1,09 34,06 809,06 1778,10

9 5,96 1383,85 119,183 15x1 89 0,25 530,44 3,69 115,31 645,75 2423,85

10 1,55 1955,85 168,446 18x1 63,4 0,24 98,27 1,09 31,39 129,66 2553,51

- 2553,51 = 997,86 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

Σ

1,09

elbow x 2 Σ

3,69

Σ

1,09

Design of presetting of valve of radiator

3551,37 Presetting according to diagram (4)

connection division enlargement narrowing

0,6 0,3 0,15 0,04

0,042,6 0,6 0,3 0,15

8

division enlargement narrowing

0,6 0,3
10

connection

0,15 0,04

Valve setting    TRV/HM

7
connection division enlargement narrowing

10,4 0,6 0,3 0,15 0,04

9
connection division enlargement narrowing
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Dimensioning of section to radiator 10-VK 600/1200 in room 306 A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

11 5,156 374 32,2105 10x1 60,2 0,18 310,39 18,29 296,30 TRV(3) 606,69 606,69

- 606,69 = 1360,21 Pa

Local resistance ξ    (-)

radiator

connection 

valvex2 elbow x 4 KK Σ

3 8 18,29

Valve setting    TRV/HM

5,2 0,6 1,3 0,15 0,04

11
connection division enlargement narrowing

Design of presetting of valve of radiator

1966,90 Presetting according to diagram (3)

Dimensioning of section to radiator KLC-M 900/750 in room 305A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

    ΔpDIS    

(Pa)

12 7,1 279 24,0287 10x1 35,5 0,13 252,05 25,59 216,24 HM(0,5) 468,29 468,29

13 1,4 638 54,9474 12x1 76,3 0,20 106,82 2,09 41,80 148,62 616,91

- 616,91 = 2159,05 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 10 KK Σ

2,5 8 25,59

Σ

2,09

1,3 0,15 0,04

13
connection

Valve setting    TRV/HM

Design of presetting of valve of radiator

2775,96 Presetting according to diagram (0,5)

12
connection division enlargement narrowing

13 0,6

division enlargement narrowing

0,6 1,3 0,15 0,04

Dimensioning of section to radiator 10-VK 600/700 in room 301A

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

14 3,55 359 30,9187 10x1 51,4 0,17 182,47 17,29 249,84 TRV(2) 432,31 432,31

- 432,31 = 2195,03 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 17,29

Valve setting    TRV/HM

Design of presetting of valve of radiator

2627,34 Presetting according to diagram (2)

14
connection division enlargement narrowing

5,2 0,6 0,3 0,15 0,04

Dimensioning of section to radiator 10-VKL 700/1600 in room 307A

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

15 12,8 572 49,2632 12x1 56,9 0,18 728,32 23,49 380,54 TRV(3) 1108,86 1108,86

- 1108,86 = 2312,85 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 23,490,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

3421,71 Presetting according to diagram (3)

15
connection division enlargement narrowing

10,4 0,6 1,3



145 
 

 

 

 

Third floor(continuation) 
Temperature difference 10K (55/45)

Dimensioning of basic longest circuit to radiator 11 -VK 700/1400 in room 304 B(apartment 6)including rising pipe S2

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

1 7,94 643 55,378 12x1 76,3 0,20 605,82 22,49 449,80 TRV(8) 550 1605,62 1605,62

2 17,4 1458 125,569 15x1 102 0,27 1774,8 4,69 170,95 1945,75 3551,37

3 13,89 3479 299,627 22x1 58,6 0,27 813,95 16,09 586,48 2000 3400,43 6951,81

Heat meter Sharky 774(DN 20)   ΔpRV = 2000 Pa

4 6,42 6061 522 28x1,5 53,2 0,3 341,54 0,9 40,50 382,04 7333,85

5 29,7 9407 810,17 28x1,5 105 0,44 3118,5 26,4 2555,52 4820 10494,02 17827,87

Balancing valve(DN=25)   ΔpRV = 2900 Pa

Filter(DN25)   ΔpRV = 1920
Pa

17827,87

Three way valve(DN20)   ΔpRV = 4102 Pa 21930,24

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

elbow x 2 Σ

4,69

elbow x 10 KKx4 Σ

2 16,09

Σ

0,90

VKx4 ZKx1 elbow x 12 KKx6 Σ

2 4,3 3 26,40

narrowing

collector and distributer entrance collector and distributer exit

1 0,5

Valve setting    TRV/HM

5

0,6 1,3 0,15

4

3

0,6 0,3

0,04

narrowing

0,04

narrowing

0,040,150,30,613

enlargement 

15,6

connection division

divisionconnection

1
connection division enlargement 

10,4 0,6 0,3 0,15

2
connection division enlargement 

2,6

Dimensioning of section to radiator 10-VK 700/1800 in room 304 B

Sec. No.

     l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)   ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

6 1,8 815 70,1914 15x1 32,1 0,15 57,78 18,29 205,76 TRV(7) 263,54 263,54

- 263,54 = 1342,08 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

6
connection division

5,2 0,6 1,3

Design of presetting of valve of radiator

1605,62 Presetting according to diagram (7)

enlargement narrowing

0,15 0,04

Valve setting    TRV/HRŠ

Dimensioning of circuit to radiator 10 -VKL 600/1400 in room 306 B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

7 5,13 437 37,6364 10x1 92,3 0,21 473,13 22,49 495,90 TRV(4) 969,03 969,03

8 6,2 811 69,8469 12x1 125 0,25 775 1,09 34,06 809,06 1778,10

9 5,96 1383,85 119,183 15x1 89 0,25 530,44 3,69 115,31 645,75 2423,85

10 1,55 1955,85 168,446 18x1 63,4 0,24 98,27 1,09 31,39 129,66 2553,51

- 2553,51 = 997,86 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

Σ

1,09

elbow x 2 Σ

3,69

Σ

1,090,040,150,30,6

narrowingenlargement divisionconnection

Valve setting    TRV/HM

Design of presetting of valve of radiator

3551,37

0,6 0,3 0,15 0,04

enlargement narrowing

0,6 0,3 0,15

9
connection

8

7
connection division enlargement narrowing

10,4

0,04

divisionconnection

Presetting according to diagram (4)

enlargement 

2,6 0,6 0,3 0,15 0,04

narrowingdivision

10
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Dimensioning of section to radiator 10-VKL 600/1200 in room 306 B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

11 5,156 374 32,2105 10x1 60,2 0,18 310,39 18,29 296,30 TRV(3) 606,69 606,69

- 606,69 = 1360,21 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

connection division enlargement narrowing

5,2 0,6 1,3 0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

1966,90 Presetting according to diagram (3)

11

Dimensioning of section to radiator KLC-M 900/750 in room 305B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

    ΔpDIS    

(Pa)

12 7,1 279 24,0287 10x1 35,5 0,13 252,05 25,59 216,24 HM(0,5) 468,29 468,29

13 1,4 638 54,9474 12x1 76,3 0,20 106,82 2,09 41,80 148,62 616,91

- 616,91 = 2159,05 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 10 KK Σ

2,5 8 25,59

Σ

2,09

13

0,6 1,3

narrowingenlargement divisionconnection

2775,96 Presetting according to diagram (0,5)

12
connection division enlargement narrowing

13

0,040,151,30,6

0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

Dimensioning of section to radiator 10-VKL 600/700 in room 301B

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

14 3,55 359 30,9187 10x1 51,4 0,17 182,47 17,29 249,84 TRV(2) 432,31 432,31

- 432,31 = 2195,03 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 17,29

14

2627,34

narrowingenlargement divisionconnection

Design of presetting of valve of radiator

0,040,150,30,65,2

Presetting according to diagram (2)

Valve setting    TRV/HM

Dimensioning of section to radiator 10-VK 700/1600 in room 307B

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

15 12,8 572 49,2632 12x1 56,9 0,18 728,32 23,49 380,54 TRV(3) 1108,86 1108,86

- 1108,86 = 2312,85 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 23,490,6 1,3 0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

3421,71 Presetting according to diagram (3)

15
connection division enlargement narrowing

10,4

SECOND FLOOR
Temperature difference 10K (55/45)

Dimensioning of basic circuit to radiator 10 -VKL 600/1100 in room 204 A(apartment 3)

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

     R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)

Valve 

setting    

TRV/HM

Heat meter 

Sharky 774 

(DN20)(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

1 8,224 343 29,5407 10x1 51,4 0,17 422,71 22,49 324,98 TRV(3) 747,69 747,69

2 17,4 842 72,5167 12x1 134 0,26 2331,6 4,69 158,52 2490,12 3237,82

3 7,5 2582 222,373 18x1 99,6 0,31 747 14,49 696,24 1200 2643,24 5881,06

- 5881,06 = 1070,75 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

elbow x 2 Σ

4,69

elbow x 8 KKx4 Σ

2 14,49

6951,81 Setting according to diagram from the catalogue TRV(3)

1
connection

narrowing

division enlargement narrowing

10,4 0,6

2
connection division enlargement 

2,6 0,6 1,3 0,15

3
connection division enlargement 

10,4 0,6 1,3 0,15 0,04

0,04

narrowing

0,3 0,15 0,04
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Dimensioning of section to radiator 10-VKL 600/1600 in room 204 A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

4 1,8 499 42,9761 12x1 34,4 0,15 61,92 18,29 205,76 TRV(4) 267,68 267,68

- 267,68 = 1550,76 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

Valve setting    TRV/HRŠ

Design of presetting of valve of radiator

1818,44 Presetting according to diagram (4)

4
connection division enlargement narrowing

5,2 0,6 1,3 0,15 0,04

Dimensioning of circuit to radiator 10 -VK 600/1200 in room 206 A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

5 5,314 374 32,2105 10x1 60,2 0,18 319,9 22,49 364,34 TRV(2) 684,24 684,24

6 6,2 748 64,4211 12x1 108 0,23 669,6 1,09 28,83 698,43 1382,67

7 5,962 1241,00 106,88 15x1 77 0,23 459,07 3,69 97,60 556,67 1939,35

8 1,552 1740,00 149,856 18x1 50,2 0,21 77,91 1,09 24,03 101,94 2041,29

- 2041,29 = 2267,27 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

Σ

1,09

elbow x 2 Σ

3,69

Σ

1,09

4308,56 Presetting according to diagram (2)

5
connection division enlargement 

10,4 0,6 0,3 0,15

6
connection division enlargement 

0,6 0,3 0,15

Valve setting    TRV/HM

Design of presetting of valve of radiator

7
connection division enlargement 

2,6 0,6 0,3 0,15

8
connection division enlargement 

0,6 0,3 0,15 0,04

narrowing

0,04

narrowing

0,04

narrowing

0,04

narrowing

Dimensioning of section to radiator 10-VK 600/1200 in room 206 A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

       Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

9 5,156 374 32,2105 10x1 60,2 0,18 310,39 18,29 296,30 TRV(2) 606,69 606,69

- 606,69 = 2344,82 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

Valve setting    TRV/HM

Design of presetting of valve of radiator

2951,51 Presetting according to diagram (2)

9
connection division enlargement narrowing

5,2 0,6 1,3 0,15 0,04

Dimensioning of sections to radiator KLC-M 1220/450 in room 205A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

       Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

10 7,1 243 20,9282 10x1 32,8 0,12 232,88 25,59 184,25 HM(0,5) 417,13 417,13

11 1,4 493 42,4593 10x1 134 0,24 187,6 2,09 60,19 247,79 664,92

- 664,92 = 2985,02 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 10 KK Σ

2,5 8 25,59

Σ

2,09

3649,94 Presetting according to diagram (0,5)

10
connection division enlargement 

13 0,6 1,3 0,15

11
connection division enlargement 

0,6 1,3 0,15

Valve setting    TRV/HM

Design of presetting of valve of radiator

0,04

narrowing

0,04

narrowing
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Dimensioning of section to radiator 10-VK 700/700 in room 201A

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

12 3,55 250 21,5311 10x1 32,8 0,12 116,44 17,29 124,49 TRV(1) 240,93 240,93

- 240,93 = 3161,22 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 17,29

Valve setting    TRV/HM

Design of presetting of valve of radiator

3402,15 Presetting according to diagram (1)

12
connection division enlargement narrowing

5,2 0,6 0,3 0,15 0,04

Dimensioning of section to radiator 10-VKL 600/1600 in room 207A

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

13 12,8 499 42,9761 12x1 34,4 0,15 440,32 23,49 264,26 TRV(2) 704,58 704,58

- 704,58 = 3502,04 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 23,49

13
connection division enlargement narrowing

10,4 0,6 1,3 0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

4206,62 Presetting according to diagram (2)

Second floor (continuation)
Temperature difference 10K (55/45)

Dimensioning of basic circuit to radiator 10 -VK 600/1100 in room 204 B(apartment 4) 

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

     R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ    

(-)

     Z     

(Pa)

Valve 

setting    

TRV/HM

Heat meter 

Sharky 774 

(DN20)(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

1 8,224 343 29,5407 10x1 51,4 0,17 422,71 22,49 324,98 TRV(3) 747,69 747,69

2 17,4 842 72,5167 12x1 134 0,26 2331,6 4,69 158,52 2490,12 3237,82

3 7,5 2582 222,373 18x1 99,6 0,31 747 14,49 696,24 1200 2643,24 5881,06

- 5881,06 = 1070,75 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

elbow x 2 Σ

4,69

elbow x 8 KKx4 Σ

2 14,49

division

6951,81 Setting according to diagram from the catalogue TRV(3)

1
connection

0,15 0,04

2

division enlargement narrowing

10,4 0,6 0,3

connection division enlargement narrowing

2,6 0,6 1,3 0,15 0,04

3
connection enlargement narrowing

10,4 0,6 1,3 0,15 0,04

Dimensioning of section to radiator 10-VK 600/1600 in room 204 B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

4 1,8 499 42,9761 12x1 34,4 0,15 61,92 18,29 205,76 TRV(4) 267,68 267,68

- 267,68 = 1550,76 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

Valve setting    TRV/HRŠ

Design of presetting of valve of radiator

1818,44 Presetting according to diagram (4)

4
connection division enlargement narrowing

5,2 0,6 1,3 0,15 0,04
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Dimensioning of circuit to radiator 10 -VKL 600/1200 in room 206 B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

5 5,314 374 32,2105 10x1 60,2 0,18 319,9 22,49 364,34 TRV(2) 684,24 684,24

6 6,2 748 64,4211 12x1 108 0,23 669,6 1,09 28,83 698,43 1382,67

7 5,962 1241,00 106,88 15x1 77 0,23 459,07 3,69 97,60 556,67 1939,35

8 1,552 1740,00 149,856 18x1 50,2 0,21 77,91 1,09 24,03 101,94 2041,29

- 2041,29 = 2267,27 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

Σ

1,09

elbow x 2 Σ

3,69

Σ

1,09

narrowing

0,04

7
connection division enlargement 

2,6 0,6 0,3 0,15

8
connection division enlargement 

0,6 0,3 0,15

0,04

narrowing

Valve setting    TRV/HM

Design of presetting of valve of radiator

4308,56 Presetting according to diagram (2)

5
connection division enlargement narrowing

10,4 0,6 0,3 0,15 0,04

6
connection division enlargement narrowing

0,6 0,3 0,15 0,04

Dimensioning of section to radiator 10-VKL 600/1200 in room 206 B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

       Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

9 5,156 374 32,2105 10x1 60,2 0,18 310,39 18,29 296,30 TRV(2) 606,69 606,69

- 606,69 = 2344,82 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

Valve setting    TRV/HM

Design of presetting of valve of radiator

2951,51 Presetting according to diagram (2)

9
connection division enlargement narrowing

5,2 0,6 1,3 0,15 0,04

Dimensioning of sections to radiator KLC-M 1220/450 in room 205B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

       Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

10 7,1 243 20,9282 10x1 32,8 0,12 232,88 25,59 184,25 HM(0,5) 417,13 417,13

11 1,4 493 42,4593 10x1 134 0,24 187,6 2,09 60,19 247,79 664,92

- 664,92 = 2985,02 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 10 KK Σ

2,5 8 25,59

Σ

2,09

Valve setting    TRV/HM

Design of presetting of valve of radiator

3649,94 Presetting according to diagram (0,5)

10
connection division enlargement 

13 0,6 1,3 0,15

11
connection division enlargement 

0,6 1,3 0,15 0,04

narrowing

0,04

narrowing

Dimensioning of section to radiator 10-VKL 700/700 in room 201B

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

12 3,55 250 21,5311 10x1 32,8 0,12 116,44 17,29 124,49 TRV(1) 240,93 240,93

- 240,93 = 3161,22 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 17,29

division enlargement narrowing

5,2 0,6 0,3 0,15 0,04

3402,15

Design of presetting of valve of radiator

Valve setting    TRV/HM

Presetting according to diagram (1)

12
connection
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Dimensioning of section to radiator 10-VK 600/1600 in room 207B

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

13 12,8 499 42,9761 12x1 34,4 0,15 440,32 23,49 264,26 TRV(2) 704,58 704,58

- 704,58 = 3502,04 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 23,491,3 0,15

Presetting according to diagram (2)

narrowing

0,04

enlargement 
13

connection division

Valve setting    TRV/HM

Design of presetting of valve of radiator

4206,62

10,4 0,6

FIRST FLOOR 
Temperature difference 10K (55/45)

Dimensioning of basic circuit to radiator 10 -VKL 600/1400 in room 104 A(apartment 1) 

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

       ξ        

   (-)

     Z     

(Pa)

Valve 

setting    

TRV/HM

Heat meter 

Sharky 774 

(DN20)(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

1 7,942 437 37,6364 12x1 23,3 0,13 185,05 22,49 190,04 TRV(2) 375,09 375,09

2 17,4 936 80,6124 15x1 45,5 0,17 791,7 4,69 67,77 859,47 1234,56

3 7,5 2858 246,144 18x1 117 0,34 877,5 14,49 837,52 1500 3215,02 4449,58

- 4449,58 = 2884,27 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

elbow x 2 Σ

4,69

elbow x 8 KKx4 Σ

2 14,49

Design of presetting of radiator valve

7333,85 Presetting according to diagram (2)

narrowing

narrowing

2,6 0,6

0,15

3
connection division enlargement 

10,4 0,6 1,3 0,15 0,04

2
connection division

0,04

connection division enlargement 

0,6 0,3

narrowing

10,4

1,3 0,15 0,04

1

enlargement 

Dimensioning of section to radiator 10-VKL 600/1600 in room 104 A

Sec. No.
     l     (m)

       Q         

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

    ΔpDIS    

(Pa)
4 1,8 499 42,9761 12x1 34,4 0,15 61,92 18,29 205,76 TRV(3) 267,68 267,68

- 267,68 = 2991,68 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

Valve setting    TRV/HRŠ

Design of presetting of valve of radiator

3259,36 Presetting according to diagram (3)

4
connection division enlargement narrowing

5,2 0,6 1,3 0,15 0,04

Dimensioning of circuit to radiator 10 -VK 600/1200 in room 106 A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

5 5,314 374 32,2105 10x1 60,2 0,18 319,9 22,49 364,34 TRV(3) 684,24 684,24

6 6,2 748 64,4211 12x1 108 0,23 669,6 1,09 28,83 698,43 1382,67

7 5,962 1350,00 116,268 15x1 89,1 0,25 531,21 3,69 115,31 646,53 2029,20

8 1,552 1922,00 165,531 15x1 161 0,35 249,87 1,09 66,76 316,63 2345,83

- 2345,83 = 1773,00 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

Σ

1,09

elbow x 2 Σ

3,69

Σ

1,09

narrowing

0,6 0,3 0,15 0,04

7
connection division enlargement 

2,6 0,6 0,3 0,15

Valve setting    TRV/HM

Design of presetting of valve of radiator

4118,83 Presetting according to diagram (3)

5
connection division

8
connection division enlargement 

0,3 0,15 0,04

0,04

narrowing

0,04

enlargement 

6
connection

narrowing

narrowing

division enlargement 

0,6 0,3 0,15

10,4 0,6
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Dimensioning of section to radiator 10-VK 600/1200 in room 106 A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ      

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

9 5,156 374 32,2105 10x1 60,2 0,18 310,39 18,29 296,30 TRV(2) 606,69 606,69

- 606,69 = 1850,55 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

Presetting according to diagram (2)

9
connection division enlargement narrowing

5,2 0,6 1,3 0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

2457,24

Dimensioning of sections to radiator KLC-M 1220/450 in room 105A

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ      

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

10 7,1 243 20,9282 10x1 32,8 0,12 232,88 25,59 184,25 HM(0,5) 417,13 417,13

11 1,4 602 51,8469 12x1 66,1 0,19 92,54 2,09 37,72 130,26 562,58

- 562,58 = 2593,09 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 10 KK Σ

2,5 8 25,59

Σ

2,090,04
11

connection division enlargement narrowing

0,6 1,3 0,15

connection division enlargement 

Valve setting    TRV/HM

Design of presetting of valve of radiator

3155,67 Presetting according to diagram (0,5)

narrowing

13 0,6 1,3 0,15 0,04

10

Dimensioning of section to radiator 10-VK 600/700 in room 101A

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

12 3,55 359 30,9187 10x1 51,4 0,17 182,47 17,29 249,84 TRV(2) 432,31 432,31

- 432,31 = 2577,91 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 17,29

3010,22 Presetting according to diagram (2)

12
connection division enlargement narrowing

5,2 0,6 0,3 0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

Dimensioning of section to radiator 10-VKL 700/1600 in room 107A

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

13 12,8 572 49,2632 12x1 56,9 0,18 728,32 23,49 380,54 TRV(3) 1108,86 1108,86

- 1108,86 = 2693,34 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 23,49

Valve setting    TRV/HM

Design of presetting of valve of radiator

3802,19 Presetting according to diagram (3)

13
connection division enlargement narrowing

10,4 0,6 1,3 0,15 0,04
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Temperature difference 10K (55/45)

Dimensioning of basic circuit to radiator 11 -VK 600/1000 in room 104 B(apartment 2)

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ      

(-)

     Z     

(Pa)

Valve 

setting    

TRV/HM

Heat meter 

Sharky 774 

(DN20)(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

1 8 513 44,1818 12x1 41,1 0,16 328,8 22,49 287,87 TRV(4) 616,67 616,67

2 17,4 1012 87,1579 15x1 50,2 0,18 873,48 4,69 75,98 949,46 1566,13

3 7,5 3346 288,172 18X1 157 0,40 1177,5 14,49 1159,20 1800 4136,70 5702,83

- 5702,83 = 1631,02 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 22,49

elbow x 2 Σ

4,69

elbow x 8 KKx4 Σ

2 14,49

Design of presetting of radiator valve

7333,85 Presetting according to diagram (4)

0,040,151,30,610,4

2

0,040,150,30,610,4

narrowingenlargement divisionconnection
1

0,040,151,30,62,6

narrowingenlargement divisionconnection

enlargement divisionconnection
3

narrowing

Dimensioning of section to radiator 10-VK 600/1600 in room 104 B

Sec. No.

     l     (m)
       Q         

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

4 1,8 499 42,9761 12x1 34,4 0,15 61,92 18,29 205,76 TRV(3) 267,68 267,68

- 267,68 = 1980,01 Pa

Local resistance ξ    (-)

radiator connection 

valvex2 

elbow x 4 KK Σ

3 8 18,291,3

narrowingenlargement divisionconnection
4

Presetting according to diagram (3)2247,69

Design of presetting of valve of radiator

Valve setting    TRV/HRŠ

0,65,2 0,040,15

Dimensioning of circuit to radiator 10 -VKL 600/1200 in room 106 B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)
  ΔpRV     R*l+Z + 

ΔpRV  

    ΔpDIS    

5 4,8 374 32,2105 10x1 60,2 0,18 288,96 17,29 280,10 TRV(3) 569,06 569,06

6 6,2 873 75,1866 12x1 143 0,27 886,6 1,09 39,73 926,33 1495,39

7 5,962 1719,00 148,048 18x1 50,2 0,21 299,29 3,5 77,18 376,47 1871,86

8 1,552 2334,00 201,014 18x1 83,2 0,28 129,13 1,09 42,73 171,85 2043,71

- 2043,71 = 1153,44 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 17,29

Σ

1,09

elbow x 2 Σ

3,50

Σ

1,09

narrowing

0,04

narrowing

8

0,30,62,6

0,150,30,65,2

narrowingenlargement 

6

0,04

division

Design of presetting of valve of radiator

Valve setting    TRV/HM

5

0,040,150,30,6

narrowingenlargement divisionconnection

enlargement divisionconnection
7

0,150,30,6

enlargement divisionconnection

Presetting according to diagram (3)3197,15

connection

Dimensioning of section to radiator 10-VKL 600/1600 in room 106 B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

9 5,156 499 42,9761 12x1 34,4 0,15 177,37 18,29 205,76 TRV(5) 383,13 383,13

- 383,13 = 1339,37 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 18,29

Presetting according to diagram (5)1722,50

Design of presetting of valve of radiator

Valve setting    TRV/HM

narrowingenlargement divisionconnection
9

0,040,151,30,65,2
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Dimensioning of sections to radiator KLC-M 1500/750 in room 105B

Sec. No.      l     (m)           Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)
  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

10 7,1 487 41,9426 12x1 34,4 0,15 244,24 25,59 287,89 HM(1) 532,13 532,13

11 1,4 846 72,8612 15x1 32,1 0,15 44,94 2,09 23,51 68,45 500,76

- 500,76 = 2148,07 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 10 KK Σ

2,5 8 25,59

Σ

2,09

0,613

enlargement divisionconnection
10

0,151,30,6

enlargement divisionconnection

Presetting according to diagram (1)2648,83

Design of presetting of valve of radiator

11

0,151,3

0,04

narrowing

0,04

Valve setting    TRV/HM

narrowing

Dimensioning of section to radiator 10-VKL 600/700 in room 101B

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

   R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

12 3,55 359 30,9187 10x1 51,4 0,17 182,47 17,29 249,84 TRV(2) 432,31 432,31

- 432,31 = 2247,88 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 4 KK Σ

3 8 17,29

narrowingenlargement divisionconnection
12

Presetting according to diagram (2)2680,19

Design of presetting of valve of radiator

Valve setting    TRV/HM

0,040,150,30,65,2

Dimensioning of section to radiator 11-VK 600/1200 in room 107B

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

13 12,8 615 52,9665 12x1 66,1 0,19 846,08 23,49 423,99 TRV(5) 1270,07 1270,07

- 1270,07 = 1755,22 Pa

Local resistance ξ    (-)

radiator
connection 

valvex2 
elbow x 8 KK Σ

3 8 23,49

13

Presetting according to diagram (5)3025,30

Design of presetting of valve of radiator

Valve setting    TRV/HM

0,040,151,30,610,4

narrowingenlargement divisionconnection
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Dimensioning of communal rooms 

 

 

 

 

Riser S3
Dimensioning of riser S3 until radiator 10-VK 600/1600 room 311

Temeperature difference 10K(55/45)

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ       

 (-)

     Z     

(Pa)

Filter  

(Pa)

Heat meter 

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

    ΔpDIS    

(Pa)

1 15,568 499 42,9761 10x1 134 0,24 2086,1 16,99 489,31 320 2895,42 2895,42

2 3,564 998 85,9522 15x1 50,2 0,18 178,91 4,5 72,90 251,81 3147,24

3 1,98 1391 119,799 15x1 89,1 0,25 176,42 1,39 43,44 219,86 3367,09

4 1,45 2106 181,378 18x1 68,1 0,25 98,745 1,2 37,50 136,25 3503,34

5 19,83 2721 234,344 18x1 111 0,33 2201,1 1,2 65,34 2266,47 5769,81

6 4,636 2939 253,12 18x1 123 0,35 570,23 1,2 73,50 643,73 6413,54

7 7,8 4297 370,077 22x1 83,7 0,33 652,86 11,4 620,73 1140 3000 5413,59 11827,13

Valve setting of radiator 10 - VK 600/1600 in room 311 : TRV (8)

Heat meter Sharky 774(DN 20)   ΔpRV = 3000 Pa

Filter(DN20)    ΔpRV = 1140 Pa

Balancing valve(DN20)  ΔpRV = 6000 Pa 6000 17827,13

Three way valve(DN20)  ΔpRV = 2,2 Pa 2200 20027,13

Local resistance ξ    (-)

elbow x 12 Σ

16,99

Σ

4,50

Σ

1,39

Σ

1,20

Σ

1,20

Σ

1,20

VKx2 ZKx1 elbow x 2 KKx4 Σ

1 4,3 2 11,40

collector and distributer entrance collector and distributer exit

1 0,5

enlargement 

0,9 0,3 0,15 0,04

0,04

narrowing

7
2,6

15,6

2

6
connection division

0,9 0,3

0,15

5
connection division

0,9 0,3

narrowing
3

connection division

1
connection division enlargement 

0,9 0,3

connection division

4
connection division

0,9 0,3

3 1,5

Dimensioning of  section to radiator 10-VK 600/1600 in room 211

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

8 8,64 499 42,9761 10x1 134 0,24 1157,8 14,39 414,43 TRV(4) 1572,19 1572,19

- 1572,19 = 1323,23 Pa

Local resistance ξ    (-)

elbow x 10 Σ

14,39
8

connection division enlargement narrowing

13 0,9 0,3 0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

2895,42 Presetting according to diagram (4)

Dimensioning of  section to radiator 10-VKL 700/1100 in room 108

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

9 4 393 33,8469 10x1 67 0,19 268 9,19 165,88 TRV(2) 433,88 433,88

- 433,88 = 2713,36 Pa

Local resistance ξ    (-)

elbow x 6 Σ

9,19

Valve setting    TRV/HM

Design of presetting of valve of radiator

3147,24 Presetting according to diagram (2)

9
connection division enlargement narrowing

7,8 0,9 0,3 0,15 0,04

Dimensioning of  section to radiator 11-VKL 700/2000 in room S106

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

10 18,334 715 61,5789 12x1 99,7 0,22 1827,9 11,79 285,32 TRV(6) 2113,22 2113,22

- 2113,22 = 1253,87 Pa

Local resistance ξ    (-)

elbow x 8 Σ

11,79

Valve setting    TRV/HM

Design of presetting of valve of radiator

3367,09 Presetting according to diagram (6)

10
connection division enlargement narrowing

10,4 0,9 0,3 0,15 0,04
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Dimensioning of  section to radiator 11-VKL 600/1200 in room S105

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R 

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ    

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

11 17,7 615 52,9665 12x1 66,1 0,19 1170 9,19 165,88 TRV(4) 1335,85 1335,85

- 1335,85 = 2167,49 Pa

Local resistance ξ    (-)

elbow x 6 Σ

9,19
11

connection division enlargement narrowing

7,8 0,9 0,3 0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

3503,34 Presetting according to diagram (4)

Dimensioning of section to radiator 10-VK 600/700 in room S104

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

12 11,164 218 18,7751 10x1 30 0,11 334,92 9,19 55,60 TRV(1) 390,52 390,52

- 390,52 = 5379,29 Pa

Local resistance ξ    (-)

elbow x 6 Σ

9,197,8 0,9 0,3 0,15 0,04

Valve setting    TRV/HM

Design of presetting of valve of radiator

5769,81 Presetting according to diagram (1)

12
connection division enlargement narrowing

Dimensioning of section to radiator 22-VKL 600/1500 in room S103A

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

     ξ      

(-)

     Z     

(Pa)

  ΔpRV     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

13 8,7 1358 116,957 15x1 89,1 0,25 775,17 9,19 287,19 TRV(6) 1062,36 1062,36

- 1062,36 = 5351,18 Pa

Local resistance ξ    (-)

elbow x 6 Σ

9,19

Valve setting    TRV/HM

Design of presetting of valve of radiator

6413,54 Presetting according to diagram (6)

13
connection division enlargement narrowing

7,8 0,9 0,3 0,15 0,04

Dimensioning of hot water preparation circuit
Temperature difference 10K (55/45)

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ       

 (-)

     Z     

(Pa)

Filter  

(Pa)

Storage 

heater (Pa)

ΔpRV 

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

1 8,8 6522 561,703 22x1 176 0,5 1548,8 18,1 2262,50 2620 350 6781,30 6781,30

Balancing valve (DN20)  ΔpRV = 10500 Pa 10500 17281,30

Local resistance ξ    (-)

elbow x 6

KK x 6

ZK Σ

4,3 18,10

1

Exit of storage 

heater

Entrance to 

distributer 

and collector

Exit of distributer 

and collector

0,5

Entrance to 

storage heater

37,8 11 0,5

Dimensioning of the circuit between storage tank and collector and distributer
Temperature difference 10K (55/45)

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

  R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ       

 (-)

     Z     

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

1 13,5 22000 1894,74 35x1,5 161 0,66 2173,5 11,8 2570,04 4743,54 4743,54

Local resistance ξ    (-)

elbow x 6 KKx2 Σ

1 11,80

1

Exit of distributer 

and collector

Entrance to distributer 

and collector

7,8 0,5 1

Entrance to accumulation 

tank

1

Exit of accumulation tank

0,5

Dimensioning of the circuit between each internal unit of heat pump and storage tank
Temperature difference 10K (55/45)

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ       

 (-)

     Z     

(Pa)

    Filter    

(Pa)

R*l+Z + 

ΔpRV  

    ΔpDIS    

(Pa)
1 17,5 10850 934,45 28x1,5 153 0,54 2677,5 17 2478,60 2560 7716,10 7716,10

Local resistance ξ    (-)

elbow x 10

KK x 5

Σ

17,00

Entrance to 

accumulation 

tank
1

Exit of accumulation tank

0,5

1

13 2,5
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B.6. Design of Balancing valves  
A balancing valve is designed for each of the main branches B1, B2 and B3 on the 

distributer and collector. 

The purpose of these valves at branches B1, B2, and B3(heating circuits) is only measuring 

of the flow of heating water and for possible adjustment of the heating system. 

Also, a balancing valve is designed for the branch of hot water preparation circuit on the 

distributer and collector. The purpose of it is measuring of the flow of heating water and 

raising the pressure loss value because on this branch we have small pressure loss. 

Branch B1: Mass flow: M = 768,14 kg / h 

   Balancing valve D 9505 from company hydronix, DN25, Presetting level: 2,5 Kv=4,8. 

                       ΔP = 2,5 kPa 

Branch B2: Mass flow: M = 810,17 kg / h 

 Balancing valve D 9505 from company hydronix, DN25, Presetting level: 2,5. Kv=4,8. 

                       ΔP = 2,9 kPa 

Branch B3: Mass flow: M = 370,077 kg / h 

 Balancing valve D 9505 from company hydronix, DN20, Presetting level: 2,5. Kv=1,5. 

                       ΔP = 6 kPa 

Hot water preparation branch: Mass flow: M = 561,7 kg / h 

 Balancing valve D 9505 from company hydronix, DN20, Presetting level: 2,5. Kv=1,5. 

                       ΔP = 10,5 kPa 

Pressure losses were taken from the graphs, which are provided by the manufacturer. 

Dimensioning of the circuit between each internal unit and external unit of heat pump 
Temperature difference 10K (55/45)

Sec. No.      l     (m)
          Q           

(W)

M 

(kg/h)

   DN     

(D x t)

    R   

(Pa/m)

      w        

(m/s)

    R*l     

(Pa)

      ξ       

 (-)

     Z     

(Pa)

ΔpRV 

(Pa)

R*l+Z + 

ΔpRV  

(Pa)

    ΔpDIS    

(Pa)

1 3,9 10850 934,45 28x1,5 153 0,54 596,7 13 1895,40 22900 25392,10 33108,20
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Figure 48-Presetting graph of balancing valve Hydronix D 9505[53] 

 

Figure 49-Presetting graph of balancing valve Hydronix D 9505[53] 
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B.7. Design of Heat meters 
Heat meters in the niches before each apartment will be used to measure the amount of 

heat taken from each individual apartment. Also, one heat meter will be positioned on 

branch B3 in the technical room for measuring the amount of heat used for communal 

areas. 

I chose heat meters type SHARKY 775 DN20 . Heat meters will be placed on heating water 

pipe and will be connected with a temperature measuring ball valve on the return pipes. 

Pressure losses were taken from the following graph, which is provided by the 

manufacturer. 

 

Figure 50- pressure loss graph of heat meter sharky 775 [54] 

 

B.8. Design of three-way mixing valves  
The required pressure loss of the valve is recommended by the manufacturer and is 50% 

of ΔPdis to ensure sufficient authority. Δpdis is the total circuit pressure loss including 

balancing pressure loss. I used online calculator at tzb-info.cz to estimate Kv value.[55] 

This calculator uses the following equations :  

Flow factor:  

 

Water density: 
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Volume flow: 

 

Branch B1:  

Total circuit pressure loss: ΔPdis = 20,34 kPa 

Mass flow: M = 768,14 kg / h  

Required valve pressure loss: Δpv = 0,5 · 20,34 = 10,17 kPa 

Volume flow = 0,778 m3/h 

Flow factor Kv = 2,44 m3/h 

I suggest three way valve ESBE VRG 131 : Kv= 2,5 m3/h, DN20, with servo drive ARA600. 

Real pressure loss, ΔPrv =  (
M

Kv
 . 0,01)2 =  9,44 Kpa 

Branch B2:  

Total circuit pressure loss: ΔPdis = 17,83 kPa 

Mass flow: M = 810,17 kg / h  

Required valve pressure loss: Δpv = 0,5 ∙ 17,83 = 8,913 kPa 

Volume flow = 0,82 m3/h 

Flow factor Kv = 2,75 m3/h 

I suggest three way valve ESBE VRG 131 : Kv= 4 m3/h, DN20, with servo drive ARA600. 

Real pressure loss, ΔPrv =  (
M

Kv
 . 0,01)2 =  4,1 Kpa 

Branch B3:  

Total circuit pressure loss: ΔPdis = 17,83 kPa 

Mass flow: M = 370,08 kg / h  

Required valve pressure loss: Δpv = 0,5 · 17,83 = 8,913 kPa 

Volume flow = 0,375 m3/h 

Flow factor Kv = 1,256 m3/h 

I suggest three way valve ESBE VRG 131 : Kv= 2,5 m3/h, DN20, with servo drive ARA600. 

Real pressure loss, ΔPrv =  (
M

Kv
 . 0,01)2 =  2,2 Kpa 
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Figure 51- Technical data sheet of the three-way mixing valve ESBE VRG131[56] 

B.9. Design of circulating pumps 
The basic parameters for the design of a circulating pump are volume flow, and pressure 

loss of the whole circuit. Circulating pumps are characterized by a curve that indicates 

the dependence between volume flow and pressure of the circulating pump. 

The pump is designed for calculation operating point so that it operates in the range of 

maximal Efficiency. 

Branch B1:    Mass flow = 768,14 kg/h = 0,768 m3/h 

                              Heating circuit pressure loss = 29,78 kPa 

                             I suggest circulating pump Grundfos ALPHA A2 25-50 130 
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Figure 52-circulating pump Grundfos ALPHA A2 25-50 130 [57] 

Branch B2:    Mass flow = 810,17 kg/h  

                        Heating circuit pressure loss = 21,93 kPa 

                        I suggest circulating pump Grundfos ALPHA A2 25-40 130 
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Figure 53-circulating pump Grundfos ALPHA A2 25-40 130[57] 

 

Branch B3:    Mass flow = 370,1 kg/h  

                              Heating circuit pressure loss = 20,03 kPa 

                             I suggest circulating pump Grundfos ALPHA A2 25-40 130 
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Figure 54-circulating pump Grundfos ALPHA A2 25-40 130[57] 

 

Branch of hot water preparation circuit:     

                        Mass flow = 561,7 kg/h  

                        Heating circuit pressure loss = 17,28 kPa 

                        I suggest circulating pump ALPHA A2 25-40 130 
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Figure 55-circulating pump Grundfos ALPHA A2 25-40 130[57] 

 

Figure 56-Grundfos ALPHA2 circulation pump with thermal insulation[57] 

Circulating pump in the internal unit of each heat pump:     

Mass flow = 934,5 kg/h  
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Pressure loss = 33,11 kPa 

Each internal unit of each heat pump is provided with a circulating pump Grundfos UPM 

GEO 25-85 PWM by the manufacturer, which are controlled by electric change of turns. In 

the following graph I assessed the sufficiency of the circulating pump, and made sure that 

it is sufficient. 

 

Figure 57-UPM GEO 25-85 circulating pump curve with marked working point[57] 

B.10. Design of distributer and collector 
As a part of the design of the technical room, I am designing a combined distributer and 

collector, from company ETL. I used the ETL online software for the design.[58] 

Input data of distributer and collector design - Volume flow: 

Branch B1/S1 768,14 kg/h 

Branch B2/S2  810,17 kg/h 

Branch B3/S3  370,077 kg/h 

Heating of hot water  561,70 kg/h 

Total volume flow = 2510 kg⁄h = 2,51 𝐦𝟑 /𝐡 
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Figure 58-distributer and collector design 

Distributer and collector type  

RS KOMBI with insulation, MODULE 100, PN 6, Tmax=105°C, l=1550mm, 
 M = 32,9 kg 

Type and number of stands KFS 65-200/400, m=2,00kg - 2x 

Thermal isolation PUR 100, m=0,20kg 

  
Designer Nour Kováčová 

Module size 100 

Nominal pressure PN 6 Bar 
Maximal operating 
temperature 105° C 

Length 1550 mm 

Weight 32,9 kg 
 

 

Figure 59-parameters of distributor and collector ETL[59] 

The designed combined collector and distributer ETL module 100 has a maximal flow of 

Qmax= 10 m3/h and contains in total 5 paired branches: 3 heating branches, one branch 

for hot water preparation and one backup branch. It is fixed on two stands and provided 

by draining pipes.  

The connection of collector and distributer is selected approximately in the middle of the 

product. 
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B.11. Design of security equipments 

B.11.1. Design of expansion tank 

The expansion tank allows changes in the volume of water in the system due to the 

thermal volume changes, and it prevents unwanted pressure increase and unnecessary 

heating water losses. The calculation is made according to ČSN 06 0830. 

Water volume in pipes VP: 

 

 

DN
length of 

pipes(m)

12x1 222,0

10x1 172,2

15x2 120,2

18x2 69,6

22x1 44,4

28x1,5 89,7

35x1,5 13,5

∑

0,804 10,86

124,18

Water volume in 1m of 

pipe(l/m)

total water 

volume(l)

0,079

0,050

0,133

0,201

0,314

17,43

8,66

15,95

14,00

13,94

0,491 44,05
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Water volume in radiators VR: 

 

Room No. Type of radiator Water 

volume in 

radiator(l/m)

Water 

volume in 

radiator(l)

S103 Radik 22 VKL - 600/1500 5,8 8,70

S104 Radik 10 VK - 600/700 3,1 2,17

S105 Radik 11 VKL -600/1200 3,1 3,72

S106 Radik 11 VKL - 700/2000 3,5 7,00

S108 Radik 10 VKL - 700/1100 3,1 3,41

101A Radik 10 VK - 600/700 3,1 2,17

104A
 Radik 10 VKL - 600/1600   

 Radik 10 VKL - 600/1400
3,1 9,30

105A
Koralux linear classic M - 

1220/450
4,50

106A
 Radik 10 VK - 600/1200   

Radik 10 VK - 600/1200
3,1 7,44

107A Radik 10 VKL - 700/1600 3,5 5,60

101B Radik 10 VKL - 600/700 3,1 2,17

104B
 Radik 10 VK - 600/1600   

Radik 11 Vk - 600/1000
3,1 8,06

105A
Koralux linear classic M - 

1500/750
8,00

106B
 Radik 10 VKL - 600/1600 

Radik 10 VKL - 600/1200
3,1 8,68

107B Radik 11 VK - 600/1200 3,1 3,72

201A Radik 10 VK - 700/700 3,5 2,45

204A
Radik 10 VKL - 600/1600  

Radik 10 VKL - 600/1100
3,1 8,37

205A
Koralux linear classic M - 

1220/450
4,50

206A
  Radik 10 VK - 600/1200    

 Radik 10 VK - 600/1200
3,1 6,82

207A Radik 10 VKL - 600/1600 3,1 4,96

201B Radik 10 VKL - 700/700 3,5 2,45

204B
Radik 10 VK - 600/1600  

Radik 10 Vk - 600/1100
3,1 8,37

205B
Koralux linear classic M - 

1220/450
4,50

206B
Radik 10 VKL - 600/1200 

Radik 10 VKL - 600/1200
3,1 7,44

207B Radik 10 VK - 600/1600 3,1 4,96

211 Radik 10 VK - 600/1600 3,1 4,96

301A Radik 10 VK - 600/700 3,1 2,17

304A
Radik 10 VKL - 700/1800  

Radik 11 VKL - 700/1400
3,5 11,20

305A
Koralux linear classic M - 

900/750
4,70

306A
Radik 10 VK - 600/1400 

Radik 10 VK - 600/1200
3,1 8,06

307A Radik 10 VKL - 700/1600 3,5 5,60

301B Radik 10 VKL - 600/700 3,1 2,17

304B
Radik 10 VK - 700/1800 

Radik 11 Vk - 700/1400
3,5 11,20

305A
Koralux linear classic M - 

900/750
4,70

306B
Radik 10 VKL - 600/1400 

Radik 10 VKL - 600/1200
3,1 8,06

307B Radik 10 VK - 700/1600 3,5 5,60

311 Radik 10 VK - 600/1600 3,1 4,96

∑ 212,84
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Water volume in other devices VD : 

 

Total water volume in the system VT: 

 VT = VP + VR + VD =  768 l = 0,768 m3 

Expansion volume 

Ve = 1,3 ∙ Vo ∙ n = 1,3 . 0,768 . 0,01475 = 0,01473 m3 

The coefficient of thermal expansion n is determined according to the temperature of 

heating water which is heated from 10 ° C to the maximal required temperature in the 

system which is 55. 

Δtm= tmax -  10 = 55 – 10 = 45° C 

table 6 - coefficient of thermal expansion [60] 

 

Lowest permissible operating overpressure  

pd,dov > 1,1 ∙ h ∙ ρ ∙ g ∙ 10−3  

pd,dov  > 1,1 ∙ 10,83 ∙ 1000 ∙ 9,81 ∙ 10−3  = 116,87 

I suggest expansion tank with lowest operating overpressure of Pd = 150 kPa 

Where… pd,dov  lowest permissible operating overpressure [kPa]         

                 h height of the water column between the neutral point and the highest point 

of the heating system [m] 

Highest permissible operating overpressure  

ph,dov ˂ pk - (hMR ∙ ρ ∙ g ∙ 10−3 )  

ph,dov ˂  300 - ((-0,6) . 1000 . 9,81 . 10−3 ) = 305,89 kPa 

I suggest expansion tank with highest operating overpressure of Ph = 250 kPa 

where …  ph,dov highest permissible system overpressure [kPa] 

                 hMR altitude distance of the device with the smallest pk from the manometric 

planes, (+) upwards, (-) downwards [m].The manometric plane is 1,5 m from the 

Heat pumps 8

Accumulation 

tank
403

Distributer and 

collector
20

∑ 431,00

Water volume in other 

devices (l)
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floor, and the device with the smallest pk is the heat pump WPL 14AR comfort 

from company Buderus, which has a design overpressure of 300 kPa. 

                pk minimum of design overpressures of all system devices [kPa] 

Preliminary expansion tank volume with a membrane 

Vep = Ve ∙ (ph + 100) /(ph − pd) = 0,01473 . (250 + 100)/(250 – 150) = 0,052 m3  = 52 l 

The internal unit of both heat pumps contains expansion tank that is provided by the 

manufacturer. Each expansion tank has a volume of 10 l, which is not enough for the 

whole heating system.  

So I suggest a membrane expansion tank Reflex NG 35/6 , with a volume of  35 l. 

Diameter of expansion pipes 

𝑑𝑝 = 10 + 0,6 ∙ 𝑄0,5 = 10 + 0,6 . 21,70,5 = 12,8 mm …. I suggest pipes made of copper with 

diameter of 15x1 mm 

Where…  Q pumps output [kW] 

                  dp inner diameter of pipe [mm] 
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Figure 60-technical data of expansion tank Reflex NG [61] 

B.11.2. Design of safety valve 

Safety valves of 1" with an opening overpressure of 300 kPa are a part of each internal 

unit of each heat pump. The sufficiency of the dimensions of the safety valve were 

checked using the available online program at tzb info. The safety valves comply. 

B.12 Design of filters 
The filter is used to catch dirt and tiny particles in the heating system and thus to protect 

the circulating pumps from damage. Filters from Giacomini type R74B are designed. Filter 

dimensions are chosen according to pipe dimensions. I chose flow coefficient Kv 

according to manufacturer’s catalogue then I calculated Individual pressure loss using 

online calculator on webpage of TZB-info [55]. 

 

Figure 61-Giacomini filter R74B [62] 
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Figure 62-Filter Giacomini R74B with information about flow coefficient Kv and maximal flow[62] 

Detailed calculations of filters design in the technical room: 

 

B.13. Design of pipes thermal insulation  
The thermal insulation is designed using online calculator at tzb-info website [63]. 

Thickness of thermal insulation is designed so that the heat transfer coefficient of 

insulated pipe complies with Decree No. 193/2007.  

For the pipes that are led in the floor, insulation MIRELON (PRO) is used, which is reduced 

to half the thickness, because the insulation is already provided by the insulation layer in 

the floor. For the pipes that are led along the wall, in wall grooves and under ceiling, 

insulation ROCKWOOL PIPO ALS is used. 

Decree No 193/2007 defines the so-called "determining heat transfer coefficients". The 

calculated heat transfer coefficient must be smaller or equal to the determining heat 

transfer coefficient. 

Calculated heat transfer coefficient of insulated pipe: 

 

Where … λt        coefficient of thermal conductivity of pipe material [W/m·K] 

Pipe DN     

  (D x t)
Filter DN M (Kg/h)

M 

(m3/h)
filter Kv

max.flow 

 of filter 

(m3/h)

Filter 

code

Pressure 

loss(Pa)

28x1,5 25 768,14 0,768 3,5 0,83 R74AY103 4930

28x1,5 25 810,17 0,81 5,9 1,5 R74AY104 1920

22x1 20 370,08 0,37 3,5 0,83 R74AY103 1140

22x1 20 561,70 0,562 3,5 0,83 R74AY103 2620

28x1,5 25 934,45 0,934 5,9 1,5 R74AY105 2560

Position

Hot water 

circuit

B1

B2

B3

Boiler circuit
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                  d         pipe outer diameter [mm] 

                  st         pipe wall thickness [mm] 

                  λiz        coefficient of thermal conductivity of insulation material [W/m·K] 

                  D          pipe diameter with insulation thickness [mm] 

                   Ssz        insulation thickness [mm] 

                   αe         heat transfer coefficient between the pipe surface and the surrounding 

[W/m· K] 

 

Figure 63-Cross section of a copper pipe with thermal insulation [63] 

Table 7 - Design of thermal insulation of indoor pipes 

 

For the pipes outside the building which connect external unit with internal unit of heat 

pump I chose insulation of mineral wool, ROCKWOOL PIPO ALS, which will be protected 

from outer environment by galvanized sheet metal duct. 

 

Pipe 

dimensions 
Assessment

10x1 It complies

12x1 It complies

15x1 It complies

18x1 It complies

22x1 It complies

10x1 It complies

12x1 It complies

15x1 It complies

18x1 It complies

22x1 It complies

28x1,5 It complies

35x1,5 It complies

Type of insulation 
Insulation thickness 

d(mm)

Calculated heat 

transfer coefficient 

Uo (W/m2.K)

Determining heat 

transfer coefficient 

Uo (W/m2.K)

MIRELON (PRO) 

MIRELON (PRO) 

MIRELON (PRO) 

MIRELON (PRO) 

MIRELON (PRO) 

6

6

9

9

9

0,230

0,258

0,258

0,29

0,3

0,3

0,3

0,3

Copper pipes along the wall, in wall grooves, under ceiling , and in measuring niches

Copper pipes in floor with possibility of thickness reduction of thermal insulation to half

0,333 0,36

ROCKWOOL PIPO ALS 

ROCKWOOL PIPO ALS 

ROCKWOOL PIPO ALS 

ROCKWOOL PIPO ALS 

ROCKWOOL PIPO ALS 

25

25

25

30

30

0,121

0,132

0,147

0,149

0,165

0,15

0,15

0,15

0,15

0,18

ROCKWOOL PIPO ALS 40 0,164 0,18

ROCKWOOL PIPO ALS 50 0,165 0,18
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Table 8 - Design of thermal insulation of outdoor pipes 

 

B.14. Design of closing ball valves, drain ball valves, and automatic air 

release valves 
The ball valve is used to close the flow in the heating system. Drain ball valve serves for 

draining of heating water of the heating system. I chose Giacomini ball valves R250D and 

Giacomini R608D drain ball valves. Dimensions of ball valves were chosen according to 

dimension of pipes, and dimensions of discharge ball valves is DN15. 

The automatic air release valve ensures that there is no air in the heating system, which 

would have a negative effect on the functionality of the heating system. I chose 

automatic air release valves Giacomini type R88. 

 

Figure 64-Ball valve Giacomini R250D 

 

Figure 65-Drain ball valve Giacomini R608D 

Pipe 

dimensions 
Assessment

28x1,5 It complies

Type of insulation 
Insulation thickness 

d(mm)

Calculated heat 

transfer coefficient Uo 

(W/m2.K)

Determining heat 

transfer coefficient 

Uo (W/m2.K)

Copper pipes outside the building 

ROCKWOOL PIPO ALS + 

galvanized sheet metal duct
40 0,159 0,18
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Figure 66- air release valve Giacomini R88 

 

B.15. Design of heating water replenishment 
A refilling device is necessary to refill the heating system with water when pressure 

drops. This device records and automatically refills the required amount of heating water.  

I chose a refilling device type NK300TCA with a separation pipe, from company 

Aquaproduct.[64] 

 

Figure 67-refilling device NK300TCA-Aquaproduct[64] 

B.16. Design of thermometers and manometers 
Thermometers and manometers are used during the operation of the heating system to 

monitor the current state of the heating system and with their help it is possible to detect 

problems in the heating system like for example insufficient temperature of heating 

water, problems with circulating pumps, clogged filter, and others. I chose thermometer 

Giacomini type R540l and manometer Giacomini type R225l.  
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C. Project 

C.1. Technical report 

C.1.1 Introduction 

The project solves the design of heating system and hot water preparation in a new 

apartment building, that is detached and located in Olomouc city using renewable energy 

sources. The apartment building has a basement and 3 above ground floors, which 

consist of 6 apartments. In the basement there are storerooms, technical room, two 

rooms that serve as private gym for inhabitants, and a toilet.  

The vertical load bearing structure of the apartment building is masonry made of ceramic 

blocks Porotherm. The horizontal load bearing structure is made of reinforced concrete 

slabs. The building is constructed on concrete strip foundations and the top of the 

building is a flat roof that is insulated by mineral wool. Staircase is of U- shape with half 

space landing that serves as entrance vestibule in first floor and as laundry drying room in 

second and third floor. The apartment building is insulated using ETICS system.  

After designing and comparing two variants of heat sources, one variant was selected to 

be used for further design of heating system and hot water preparation, and this variant 

is air source heat pump. 

C.1.1.1 Starting materials 
Construction drawings were used as a starting point for project processing. 

C.1.1.2 Used regulations and technical standards 
ČSN 73 0540 Thermal protection of buildings 

ČSN EN 12 831 Heating systems in buildings - calculation of heat output 

ČSN 06 0320 Heating systems in buildings - hot water preparation 

ČSN 06 0830 Heating systems in buildings - security equipment 

ČSN 06 0310 Central heating - design and installation 

ČSN 06 1101 Radiators for central heating 

ČSN 01 3452 Technical drawings - Installation - Heating and cooling 

ČSN EN 12828 heating systems in buildings – hot water heating systems design 

Decree No 193/2007 about the effectiveness of using energy in thermal energy 

distribution and internal distribution of thermal energy and cold 

Decree No.264/2020 Sb. about energy performance of building. 

other related ČSN as amended. 
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C.1.2 Basic data 

C.1.2.1 Calculated climatic conditions 
Location:                                                                      Olomouc 

Altitude:                                                                        219 m above sea level 

Calculated outdoor temperature:                           -15 ° C 

Number of days in the heating season:                  231 days 

Average temperature in heating season:               3,8 ° C 

C.1.2.2 Indoor temperatures: 
Technical room 20 °C 

Storerooms in basement 0 °C 

Private gym 20 °C 

Toilet and washing machine room 20 °C 

Living room, Bedroom, apartment vestibule 20 °C 

Bathroom 24 °C 

Staircase 10 °C 

Entrance vestibule in first floor 0 °C 

Drying laundry room 15°C 

Corridor in basement near the gym 15°C 

C.1.3 Thermal technical parameters of structures and heat loss 

All structures comply with the required values that are specified in the norms. 

Table 9- Overview of thermal technical parameters 

 

Structure
Ut         

[W/m
2
.K]

       UN,20       

[W/m
2
.k]

 Ut ≤ UN,20

C1.a - Ceiling seperating heated space from unheated part of basement 0,414 0,600 it complies

C1.b - Ceiling seperating heated space from heated part of basement 0,414 2,200 it complies

C2 - Inset balcony floor above basement 0,198 0,240 it complies

C3 - Internal ceiling seperating spaces with temperature difference to 5  ͦC 0,779 2,200 it complies

F - Floor on the ground 0,309 0,450 it complies

R- Flat roof 0,136 0,240 it complies

S1- Peripheral wall to the exterior 0,125 0,300 it complies

S2- Peripheral wall in touch with ground 0,127 0,450 it complies

S3.a - Internal load bearing wall between rooms with temperature difference to 10 ˚C                              0,501 1,300 it complies

S3.b - Internal load bearing wall seperating rooms with temperature difference to 5  ͦC 0,501 2,700 it complies

S3.c - Internal load bearing wall seperating heated room from unheated room                              0,501 0,600 it complies

S4- Internal non-load bearing wall between rooms with temperature difference to 5  ͦC 1,379 2,700 it complies

S5- Wall between flats 0,704 2,700 it complies
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Heat losses are calculated according to ČSN EN 12 831-1 Heating systems in buildings –

heat output calculation.  

Total energy output of the apartment building is equal to 21,7 kW. This number 

represents the total sum of heat transmission loss and heat loss due to ventilation. 

Energy label of the building was done, and it shows C classification. 

C.1.4 Heat and fuel demands 

Heat demands:  

For heating                                                                    21,7 kW 

For hot water preparation                                         6,522 kW 

Total heat demand:                                                      21,712 

Annual heat demand for heating                               46,2 MWh/year (166,4 GJ/year) 

Annual heat demand for hot water preparation     50,4 MWh/year (181,4 GJ/year) 

Total annual energy demand                                       96,6 MWh/year (347,8 GJ/year) 

Annual electricity demand for heat pumps               19 436 kWh/year 

C.1.5 Heat source 

Two air/water heat pumps Logatherm WPL 14 AR Comfort from company Buderus are 

used. Each one has output of 14 kW and is supplied by an electrical heat insert which has 

maximal output of 9 kW. Both heat pumps will be running during heating season in 

winter for heating system and hot water preparation system. However, in summer only 

one heat pump will be running for hot water preparation system. 

The two heat pumps function with mono-energy operation. Bivalent point lies at -10,7  ͦC. 

At this temperature both heat pumps cover all needed heat output. At lower 

temperature than -10,7  Cͦ the electrical inserts are switched on and they supply the extra 

heat output needed. 

Each heat pump consists of two units that are connected to each other: 

1. Inner unit that is mounted on the loadbearing wall in the technical room. 

2. Outdoor unit that is accessible from all sides. Details about its positions are 

provided in the drawing of the technical room. It must be placed on a stable base, 

made of precast concrete strips with gravel bedding underneath. Earthwork must 

be done to make gravel bedding under concrete base  

Each outer unit is connected to its inner unit by pipes and connecting cables that pass 

through an opening in the wall in a protecting tube with insulation. The copper pipes 

outside the building are insulated by mineral wool and placed in galvanized sheet metal 

duct together with other connecting cables. 
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The condensate must be drained through a suitable non-freezing waste pipe which is led 

1 m under ground level. Electrical heating cable is installed around condensate pipe to 

prevent freezing. This heating cable will be turned on only when outdoor temperature 

drops below freezing point, and it will keep heating 30 minutes after the end of its 

defrosting operation. 

Internal units of heat pumps are connected to storage tank in the technical room by 

copper pipes. 

Refilling of heating water will be solved with the help of automatic refilling equipment 

NK300TCA, which will refill the system when the pressure drops below the minimum 

value. The manufacturer of heat pumps states that, if water hardness <16,8 ° dH, then no 

further treatment of water is necessary and since the water in Olomouc city has hardness 

of 14,14 ° dH [65], then no further water treatment is necessary. 

C.1.6 Expansion tank and safety valve 

Each heat pump contains expansion tank in the internal unit, together they will provide a 

volume of 20 l and that is not enough for the whole heating system, therefore another 

expansion membrane tank is designed Reflex NG 35/6 (volume 35 l).  

Safety valve, with an opening overpressure of 300 kPa, is a part of each heat pump 

internal unit. 

C.1.7 Heating system 

C.1.7.1 Description of the heating system 
The heating system is designed to be hot water, closed, two-pipe system, with forced 

water circulation. It is a low temperature heating system with temperature drop of 55/45 

°C. 

Collector and distributer are combined and of type ETL module 100. They are insulated by 

PUR of 100 mm thickness, and have 3 branches for heating system, one branch for hot 

water preparation and one backup branch.  

Branch B1 provides heating for the eastern apartments. Branch B2 provides heating for 

the western apartment. Branch B3 provides heating for communal areas. A three-way 

mixing valve will be installed on each of these three heating branches to provide quality 

regulation of heating water. 

The branch for hot water preparation is connected to indirect storage heater ENBRA NOR 

750. 

C.1.7.2 Radiators 
Steel panel radiators KORADO RADIK VK and VKL are designed for the apartment building 

with a lower right connection and with a lower left connection. For bathrooms towel rail 

radiators KORALUX LINEAR CLASSIC-M are designed with lower middle connection. All 

radiators are from Korado company. 
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C.1.7.3 Piping 
Pipes distribution system is designed to be closed, two-pipe, made of copper. Distribution 

pipes in the apartments are led in the thermal insulation of the floor, and in grooves in 

masonry wall. In the basement, distribution pipes are led under ceiling, along the wall, 

and above the floor. 

Rising pipes S1,S2, and S3 are led vertically alongside the wall. 

C.1.7.4 Thermal insulation of pipes 
MIRELON (PRO) insulation from polyethylene foam is used for the pipes led in floor 

insulation, which is reduced to half the thickness, sine the insulation is already provided 

in the floor. ROCKWOOL PIPO ALS insulation from mineral wool is used for pipes that are 

led along the wall, in wall grooves, under ceiling and in measuring niches. 

Copper pipes outside the apartment building that connect heat pump internal unit with 

outer unit are insulated by mineral wool, ROCKWOOL PIPO ALS, and are protected by a 

galvanized sheet metal duct. 

Table 7 - Design of thermal insulation of indoor pipes 

 

Table 8 - Design of thermal insulation of outdoor pipes 

 

C.1.7.5 Circulating pumps and three-way mixing valves 
The heating system is designed with forced water circulation so a circulating pump will be 

installed on each one of the branches B1, B2, B3 and hot water preparation branch. Heat 

pumps are from company GRUNDFOS, and they are of types ALPHA2 25-50 130 for 

Pipe 

dimensions 
Assessment

10x1 It complies

12x1 It complies

15x1 It complies

18x1 It complies

22x1 It complies

10x1 It complies

12x1 It complies

15x1 It complies

18x1 It complies

22x1 It complies

28x1,5 It complies

35x1,5 It complies

Type of insulation 
Insulation thickness 

d(mm)

Calculated heat 

transfer coefficient 

Uo (W/m2.K)

Determining heat 

transfer coefficient 

Uo (W/m2.K)

MIRELON (PRO) 

MIRELON (PRO) 

MIRELON (PRO) 

MIRELON (PRO) 

MIRELON (PRO) 

6

6

9

9

9

0,230

0,258

0,258

0,29

0,3

0,3

0,3

0,3

Copper pipes along the wall, in wall grooves, under ceiling , and in measuring niches

Copper pipes in floor with possibility of thickness reduction of thermal insulation to half

0,333 0,36

ROCKWOOL PIPO ALS 

ROCKWOOL PIPO ALS 

ROCKWOOL PIPO ALS 

ROCKWOOL PIPO ALS 

ROCKWOOL PIPO ALS 

25

25

25

30

30

0,121

0,132

0,147

0,149

0,165

0,15

0,15

0,15

0,15

0,18

ROCKWOOL PIPO ALS 40 0,164 0,18

ROCKWOOL PIPO ALS 50 0,165 0,18

Pipe 

dimensions 
Assessment

28x1,5 It complies

Type of insulation 
Insulation thickness 

d(mm)

Calculated heat 

transfer coefficient Uo 

(W/m2.K)

Determining heat 

transfer coefficient 

Uo (W/m2.K)

Copper pipes outside the building 

ROCKWOOL PIPO ALS + 

galvanized sheet metal duct
40 0,159 0,18
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branch B1, ALPHA2 25-40 130 for branches B2 and B3. For hot water preparation branch 

it is of type ALPHA A2 25-40 130. 

Internal unit of heat pump is provided with circulating pump GRUNDFOS UPM GEO 25-85 

PWM. 

For the regulation of temperature of heating circuits, branches B1, B2, and B3 will be 

provided with three-way mixing valves type ESBE VRG 131, DN20, with servo drive 

ARA600. 

C.1.7.6 Fittings 
The heating system is provided with closing ball valves, filters , return valves, and three 

way mixing valves. Pipes are further provided with air valves, drain valves and measuring 

fittings. 

Towel rail radiators KORALUX LINEAR CLASSIC-M are provided with HM fitting with 

integrated valve, which connects the radiator and allows the presetting of flow and 

closing of radiator. VK Radiators are provided with integrated thermostatic valve TRV for 

presetting of flow, and they are also provided with H-type angle connection fitting which 

connects the radiator and enable closing it. All radiators will have thermostatic head and 

air valve. 

Air releasing valve will be installed at the highest points of each riser and ball valve with 

drain will be installed at the lowest point. 

The fittings in the technical room will be installed according to the scheme drawing of the 

technical room. In each niche before each apartment there will be closing ball valves 

before and after heat meter, filter before heat meter, individual heat meter on the supply 

pipe which will be connected with a temperature measuring ball valve on the return 

pipes and a closing ball valve on return pipe. More details about positioning, diameters, 

and types are provided in the drawings. 

C.1.7.7 Accumulation tank 
Storage tank PS 400 K+ of volume 403 l is designed to reduce the number of compressor 

start-ups, and to ensure sufficient supply of the required amount of water in the heating 

and hot water preparation by storing heating water. 

C.1.7.8 Heat measuring 
The amount of heat taken will be measured in individual apartments using heat meters in 

each niche before each apartment and one additional heat meter will be installed on the 

branch B3 for measuring the heat used for communal areas. Heat meters will be of the 

type ENBRA SHARKY 775. 

 C.1.7.9 Hot water preparation 
Hot water preparation will be ensured by using indirect storage heater ENBRA NOR 750 

with volume of 750 l volume. The heater contains also hot water, cold water and 

circulating water outlets. The storage heater is insulated with 50 mm of polyurethane 
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foam insulation and is equipped with a heat sink sensor for sensing the temperature of 

hot water. 

C.1.7.10 Heating system regulation  
Heating system regulation and measuring system will ensure the automatic operation of 

the entire heating system. 

Heating water temperature will be controlled depending on outdoor temperature. The 

unit HMC300 which is a part of the internal unit of each heat pump will regulate heat 

pump operation, circulating pumps, and three-way mixing valves by equithermal 

regulation. 

Regulation involves: 

- Regulation of both air source heat pumps output according to the maximum required 

heating water temperature and switching of the electric inserts when outdoor 

temperature drops under 10,7  ͦC. 

- Regulation of heating water temperatures after mixing points at each heating branch of 

distributer and collector, according to the equithermal curves, which depends on outdoor 

temperature. Controlling of the operation of circulating pumps and three-way mixing 

valves. 

- Regulation of hot water indirect storage heater, according to the required hot water 

temperature (if hot water temperature drops below 45 ° C, the circulating pump switches 

on) 

- Monitoring of operating conditions, and technical room emergency security 

Signalling, sensing: 

- fault states signalling  

- minimum and maximum pressure in the system 

- maximum temperature in the radiator system 

- maximum temperature in the hot water system 

- maximum temperature in the technical room 

- power supply outage 

C.1.8 Requirements for other professions 

C.1.8.1 Construction part 
For pipes installation there should be securing and sealing of penetrations through 

building structures according to the requirements. 

For installing the outer unit of each heat pump earth work is required. Gravel bedding will 

be applied to depth 1300, and on the top two concrete strip bases will be used under the 

outer unit, each has a length of 700 mm, width of 200 mm, placed with a distance of 680 
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mm (more details are provided in the connection scheme of the technical room). 

Condensation non-freezing pipes will be led from the outer unit of heat pump down 

through gravel layer to non-freezing level. These condensation pipes will also be provided 

with electrical heating cable. Anchoring of the outer unit will be done according to 

manufacturer's documents. All penetrations through the structures will be covered with 

insulation. 

C.1.8.2 Sanitary and water installation 
It is necessary to ensure the supply of cold water for the replenishment device of heating 

system. To the hot water storage heater tank, it is necessary to connect cold drinking 

water, hot water and circulating water. In the technical room there will be floor inlet. 

Condensation non-freezing pipes will be led from the outer unit of heat pump down 

through gravel layer to non-freezing level. These condensation pipes will also be provided 

with electrical heating cable. 

C.1.8.3 Electrical installation 
Outer unit of heat pump must be connected by cables to electrical outlet of electrical 

current 400/230 V AC. Internal unit must be as well connected to electrical current of 400 

V AC. 

C.1.8.4 Ventilation system 
The building will be ventilated naturally, only in the bathrooms and toilets will be 

installed exhaust fans. 

C.1.9 Assembly and commissioning 

C.1.9.1 Heat source 
The installation and launching of heat source must be carried out by a suitably qualified 

person holding a certificate or qualification of competency. Prior to launching, the 

electrical installation must be inspected. Further information about installation and 

launching are provided in the manufacturer’s documentation. 

C.1.9.2 Heating system 
Installation and launching of heating system must be performed by a person with a 

training certificate. Before launching all valves must be set to values according to the 

project. 

C.1.10 Testing of devices 

C.1.10.1 Flushing of heating system 
The heating system must be flushed before starting. Setting of fittings and valves on 

branches, risers and fittings on radiators are recommended to be set to minimum 

hydraulic resistance during flushing. Flushing is performed during 24-hour operation of 

the circulating pump. Cleaning and rinsing are parts of the installation and there should 

be done a record about its implementation. 
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C.1.10.2 Leak test 
Leak tests are performed before the grooves are filled up, canals are covered, and before 

coatings and insulation. Heating system is tested with water to the maximum permissible 

overpressure specified in the project for that part of the installation. The system is filled 

with water and properly vented and the entire system including all connections, 

radiators, fittings, etc. are inspected, taking into account that they must not show visible 

leaks. The system will remain filled for at least 6 hours, after which a new inspection is 

carried out. The test result is considered successful, if no leaks occur during this 

inspection or if there is no noticeable drop in the level in the expansion tank. 

C.1.10.3 Expansion test 
The expansion test is performed before the grooves are filled up, canals are covered, and 

before coatings and insulation. In this test, the heating water is heated to the highest 

working temperature, and then allowed to cool down until it reaches the surrounding 

temperature, and it is repeated once more. If a leakage is found after a detailed 

inspection, another test is required to be repeated after repairments. 

C.1.10.4 Heating test 
This Heating test lasts 24 hours and is carried out in presence of representatives of the 

investor, user, supplier, and designer. Then the results of the heating test are evaluated 

and recorded in the report. Heating test is considered successful, if the output of the 

radiators ensures calculation indoor temperature for each room and if the heating system 

is adjusted according to the project documentation. 

C.1.11 Method of service and control 

Heating system and its devices should be occasionally checked by one person. This person 

should be acquainted with the safety and operating conditions of the devices and should 

have documents with the instructions from the manufacturers of the devices. 

C.1.12 Health and environment protection 

C.1.12.1 Environmental protection 
The proposed heating system will not have environmental impact and it meets all 

requirements in accordance with Decree No. 193/2007 Coll., and 194/2007 Coll. 

C.1.12.2 Waste management 
Waste generated during construction will be disposed in accordance with Act No. 

541/2020 Coll. Act one waste. 

C.1.13 Safety during work 

Implementation of the heating system must comply with: 

- Government Regulation 591/2006 Coll. on minimum requirements of security and 

health protection during work on construction sites 

-  Government Regulation 362/2005 Coll. on specified health and safety requirements for 
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work in workplaces with a risk of falling from a height or to depth. 

-  Act 309/2006 Coll. Act on Ensuring Additional Conditions of Safety and Health 

protection at Work. 

C.2. Drawings 
The following drawings are parts of the attachment: 

D.1.BASEMENT FLOOR PLAN                                                                                        Scale: 1:50 

D.2.FIRST FLOOR PLAN                                                                                                  Scale: 1:50 

D.3.SECOND FLOOR PLAN                                                                                             Scale: 1:50 

D.4.THIRD FLOOR PLAN                                                                                                 Scale: 1:50 

D.5.RADIATORS CONNECTION SCHEME                                                                     Scale: 1:50 

D.6.CONNECTION SCHEME OF TECHNICAL ROOM-VARIANT 1                              Scale: 1:25 

D.7.CONNECTION SCHEME OF TECHNICAL ROOM-VARIANT 2                              Scale: 1:25 

D.8.FLOOR PLAN OF TECHNICAL ROOM-VARIANT 1                                                Scale: 1:25 

D.9.FLOOR PLAN OF TECHNICAL ROOM-VARIANT 2                                                Scale: 1:25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



186 
 

CONCLUSION 
The aim of this diploma thesis is to design suitable heating system and hot water 

preparation system in a new apartment building in Olomouc city. The thermal technical 

properties of the structures are satisfactory and heat transfer coefficient values comply 

with the required norm values. Heat loss of the whole apartment building is estimated to 

be 21,7 kW and energy label indicates the building to be in category C-economical. Two 

variants of heat sources were designed and compared based on the environmental 

impact, economical costs, spatial requirements, and user comfort and subsequently one 

variant was selected for further design of the heating system. 

Theoretical part focused on heat pumps and biomass boilers as renewable energy 

sources.  

In the calculation part, all necessary calculations for the correct design and operation of 

the heating system were carried out. It contains the calculation of heat losses, radiators 

design, heat source design, pipes design, its dimensioning and hydraulic balancing, hot 

water preparation design, circulating pumps design, security equipments design and the 

design of other equipments, devices, and fittings necessary for the proper functioning of 

the heating system. 

In the project part, the project documentation is processed for the realization of project. 

It contains a technical report, floor plans of individual floors, radiators connection 

scheme, scheme of connection of technical room in two variants, floor plan of the 

technical room in two variants. 
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