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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

Diplomova prace je rozdélena na tfi ¢asti. Prvni ¢asti je analyza tématu, cild a zpUsobl
reSeni, ktera obsahuje i teoretickou ¢ast. Druha ¢ast je aplikace tématu na feSeném
objektu véetné podrobného vypoctu a ndvrhu otopné soustavy, pfipravy teplé vody,
dvou variant alternativnich zdroju tepla a jejich porovnani, které vede k vybéru lepsiho
zdroje tepla. Treti ¢ast je projekt a obsahuje technickou zpravu vybrané varianty a
projektovou dokumentaci, ktera obsahuje vSechny potfebné vykresy.

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.
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tepelné ztraty, soucinitel prostupu tepla, obéhové cerpadlo.
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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 storeroomes,
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 | 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 Cis 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:

CSN 73 0540 Thermal protection of buildings

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

CSN 06 0320 Heating systems in buildings - hot water preparation

CSN 06 0830 Heating systems in buildings - security equipment

CSN 06 0310 Central heating - design and installation

CSN 06 1101 Radiators for central heating

CSN 01 3452 Technical drawings - Installation - Heating and cooling

CSN 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 CSN 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.

| 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.

Agriculture Other
andforestry 05
22

Senices

Transport
331

Industry
253

Households
254

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 | 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]

gaseous

circulating
Compressor refrigerant

Condenser

=N
8=

i I — l

< Expansion valve

Evaporator

HEATING SYSTEM

HEAT SOURCE
~

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 pumpl[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 CO; 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]

Type of refrigerant ODP GWP
R-134a 0 1430
R-23 0 14800
R-32 0 675
R404A 0 3922
R407A 0 2107
R4078B 0 2804
R407C 0 1774
R410A 0 2088
R417A 0 2346
R422D 0 2729
R427A 0 2138
R437A 0 1805
R507 0 3985
R508A 0 13214
R508B 0 13396

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.

monovalent bivalent parallel bivalent alternative

heat demand
heat demand
heat demand

days days days

B heat supplied by the heat pump
B heat supplied by the auxilliary heat source ? bivalent temperature
[ non-used heating potential of the heat pump

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]

d

COP=———
p.+p,, [

where
@ —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 CSN EN 14511. [3]

water-water ground-water air-water
bl bn 10 *C 15°C =5*C 0*C 5°C =15*C =T *C 2*C T*C 12°C
as+C
45°C
85+C
65 *C

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 BO / 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]

Heat pump Standard conditions Requirement
air-water A2/W35 COP>3.1
ground-water BO/W35 COP>4.3
water-water W10/W35 COP =51

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

23



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 CO; neutral, because during the lifetime of the plant from which the biomass was
obtained, it consumes the same amount of CO; 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:

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

Briquettes: with a diameter more than 25 mm. Prepared by mechanical pressing.
Sawdust: with size 1 to 5 mm. Prepared by sharp cutting.

Shavings: with a size of 1 to 30 mm. Prepared by planning the wood with sharp tool.
Wood chips: with a size 5 to 100 mm. Prepared by cutting with sharp tools.
Firewood: with a size of 100 to 1000 mm. Prepared by cutting with sharp tools.

oV e wNhRE

Figure 13-wood Figure 14-wood pellets[21]
briquettes[22]

Figure 15-sawdust on the left - wood shavings on the right[23]
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Figure 16-firewood[24]

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

26



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]

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]

A B C

X X ’
- X ‘
X X i
i X > :
1 X ¢ X ’
X ¢ X {
} X X !
1 X X ‘
: X X !
X X I ;
e X . m— ;

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 CO; neutral. | 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.

32



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= R—IT [W/m2.K]
Where U... heat transfer coefficient [W/m?2.K]
Rr... thermal resistance to heat transfer [m2.K / W]
Assessment of the condition
U < Unzo
Where U ....... heat transfer coefficient of the building structure [W/m?2.K]

UN,20 ... required value of heat transfer coefficient [m2.K /W] given by the
standard CSN 73 0540-2: 2011, thermal protection of buildings.

Thermal resistance of a layer
R; =2 [m2K/W]
A
Where R;... thermal resistance of j-th layer [m2.K / W]
d;... thickness of the j-th layer of the structure [m]
Aj... 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
Rr... 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 CSN 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 CSN 73 0540-3.

R;... thermal resistance of j-th layers [m2.K / W]

33



Calculations of thermal resistance and heat transfer coefficient of all structures of the
apartment building:

Cl.a - Ceiling seperating heated space from unheated part of basement
Layer d(m) AMW/m.K) R(m>.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 i i
500
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
2 2,204
Rsi= 0,170 m? k/W
Rse= 0,040 m”.k/W
3R= 2,204 m? k/W
Ri=Rsi+ZR+Re= 2,414 m?® k/W
U= 1/R;= 0,414 W/m> K
Upas,20= 0,300 W/m?.K
Un,20= 0,600 W/m?.K
Urec,20 = 0,400 W/mz,K

U;<Uy,o it complies

Cl1.b - Ceiling seperating heated space from heated part of basement
Layer d(m) AMW/m.K) R(m”.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
2 2,204
Rqi= 0,170 mz_k/W
Rse= 0,040 m? k/W
3R= 2,204 m?.k/W
Ri=Rsi+ZR+Rge= 2,414 m? k/W
U= 1/R;= 0,414 W/m?2.K
Un,20= 2,200 W/m’.K
Urec,20 = 1,450 W/mz_K

U; < Uy 5 it complies
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C2 - Inset balcony floor above basement

Layer d(m) AMW/m.K) R(m?.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
)3 4,829
Ry= 0,170 m’.k/W
Ree= 0,040 m’.k/W
SR= 4,829 m”.k/W
R=R+3R+R .= 5,039 m’.k/W
U= 1/R,= 0,198 W/m>.K
Upas,20= 0,150 W/m>.K
Un,20= 0,240 W/m>.K
Urec,20= 0,160 W/m>.K
U; < Uy 5 it complies
C3 - internal ceiling seperating spaces with temperature difference to 5°C
Layer d(m) AMW/m.K) R(m?.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
zzzaratlon 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
Lime plaster 0,010 0,880 0,011
2 1,014
Ry= 0,170 m*.k/W
Ree= 0,100 m*.k/W
3R= 1,014 m’.k/W
Ry=R,+3R+R,,= 1,284 m”.k/W
Ue= 1/R, = 0,779 W/m’ K
Upy,20= 2,200 W/m’.K
Urec20= 1,450 W/m*.K
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F - Floor on the ground

Layer d(m) AMW/m.K) R(m?.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
)2 3,063
Rq= 0,170 m’.k/W
Ree= 0,000 m”.k/W
SR= 3,063 m’.k/W
R.=R,+3R+R, = 3,233 M’ .k/W
U,= 1/R,= 0,309 W/m*.K
Upas 20 0,220 W/m’ K
Up,20= 0,450 W/m” K
Urec 20= 0,300 W/m’.K
U; < Uy 5 it complies
R- Flat roof
Layer d(m) AMW/m.K) R(m2.k/W)
water proofing of pvc-
plasticpfoil, u=ngOgO ° 0,002 i i
Separation layer of geotextile, 0,002 i i
polypropylene
:;E::::I\,ivr:ol:lation of isover 0,300 0,043 6,993
Vapour barrier of SBS
e - -
fibreglass
Reinforced concrete slab 0,220 1,430 0,154
Lime plaster 0,015 0,880 0,017
2 7,164
Ry= 0,170 m’.k/W
Re= 0,040 m’.k/W
SR= 7,164 m’.k/W
Ri=R+IR+R .= 7,374 m*.k/W
U= 1/R, = 0,136 W/m’K
Upas 20 = 0,150 W/m’.K
Un,20= 0,240 W/m’ K
Urec.20= 0,160 W/m’ K
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S1- Peripheral wall to the exterior

Layer d(m) AMW/m.K) R(m?.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
h2 7,853
Ryi= 0,130 m“.k/W
Reo= 0,040 M*.k/W
3R= 7,853 m>.k/W
Ry=R.+3R+R..= 8,023 m’.k/W
U,= 1/R,= 0,125 W/m’ K
Upas 20= 0,180 W/m’.K
Uy 20 0,300 W/m’ K
Uree 20 0,250 W/m’ K
U, < Uy,50 it complies
S2- Peripheral wall in touch with ground
Layer d(m) AMW/m.K) R(m>.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
2 7,716
R= 0,130 m’.k/W
Ree= 0,000 M*.k/W
3R= 7,716 m>.k/W
R=R¢+3R+R,.= 7,846 m>.k/W
U,= 1/R,= 0,127 W/m’ K
Upas 20= 0,220 W/m’ K
Un,20= 0,450 W/m’ K
Urec.20= 0,300 W/m’ K
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$3.a - Internal load bearing wall between rooms with temperature difference to 10 °C
Layer d(m) MW/m.K) R(m>.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
2 1,737
Ry= 0,130 m’.k/W
Ree= 0,130 m”.k/W
3R= 1,737 m’.k/W
R;=R,+IR+R,,= 1,997 m’.k/W
U.= 1/R,= 0,501 W/m” K
Un.20= 1,300 W/m’ K
Urec.20= 0,900 W/m®.K
U, < Uy 50 it complies

$3.b - internal load bearing wall seperating rooms with temperature difference to 5°C

Layer d(m) MW/m.K) R(m%.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
b3 1,737

Ri= 0,130 m*.k/W

Ree= 0,130 m*.k/W

3R= 1,737 m*.k/W

R=R¢+3R+R .= 1,997 m*.k/W

U,= 1/R,= 0,501 W/m*.K

Uy, 20= 2,700 W/m*.K

Urec 20= 1,800 W/m’.K

U, < Uy it complies

S3.c - Internal load bearing wall seperating heated room from unheated room

Layer d(m) AMW/m.K) R(m”.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
s 1,737

Ry= 0,130 M’ .k/W

Ree= 0,130 m’.k/W

3R= 1,737 m*.k/W

Ry=R,+3R+R, = 1,997 m*.k/W

U= 1/R,= 0,501 W/m*.K

Up,20= 0,600 W/m’.K

Urec,20= 0,400 W/m’.K
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S4- internal non-load bearing wall between rooms with temperature difference to 5°C

Windows and doors:

W - triple glazing plastic window and roof hatch

Unreq= 1,7 W/(m2.k) 2 Uw = 0,7 W/(m?.k)

Unrec=1,2 W/(mzk) 2Uw=0,7 W/(mzk)

Del - plastic entrance door with triple glazing

Unreq= 1,7 W/(m2.k) 2 Uw = 0,7 W/(m?.k)

Unrec=1,2 W/(mZk) 2Uw=0,7 W/(mzk)

De2 - plastic balcony door with triple glazing

Unreq=1,7 W/(m?.k) 2 Uw = 0,7 W/(m?.k)

Unrec=1,2 W/(mZk) 2Uw=0,7 W/(mzk)
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Layer d(m) AMW/m.K) R(m2.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
b 0,465
Ry= 0,130 m>.k/W
Ree= 0,130 m’.k/W
3R= 0,465 m’.k/W
R=R,+IR+R,,= 0,725 m”.k/W
U= 1/R,= 1,379 W/m’ K
Up,20= 2,700 W/m’ K
Urec 20= 1,800 W/m’.K
U; < Uy it complies
S5- Wall between flats
Layer d(m) AMW/m.K) R(m>.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
2 1,160
Ry= 0,130 m*.k/W
Ree= 0,130 m*.k/W
3R= 1,160 m2.k/W
R=R +IR+R o= 1,420 m“.k/W
U= 1/R,= 0,704 W/m’ K
Uy 20= 2,700 W/m* K
Urec.20= 1,800 W/m’ K

U; < Uy 50 it complies




Di — interior timber doors
Un,req = 3,5 W/(mzk) > UW = 1,8 W/(mzk)

Un,rec= 2,3 W/(mzk) 2Uw=1,8 W/(mzk)

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,0 values, which are given by the standard CSN 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 CSN 73 0540-2: 2011, thermal

protection of buildings.

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

Ut UN,ZO
Structure 2 2 U; < Uy o
[W/m“K]| [W/m"k]
Cl.a - Ceiling seperating heated space from unheated part of basement 0,414 0,600 it complies
Cl.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| 0,501 1,300 it complies
S3.b - internal load bearing wall seperating rooms with temperature difference to 5 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 1,379 2,700 it complies
S5- Wall between flats 0,704 2,700 it complies
Structure Utz Upas’: 0 Uy S Upag 20
[W/m"K]| [W/m".K]
Cl.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| 0,501
S3.b - internal load bearing wall seperating rooms with temperature difference to § 0,501
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 differenceto § 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 CSN 73 0540-2: 2011 and Decree No. 264/2020 Sb.

Calculation: (according to decree No. 264/2020 Sb.)
Uem =Z(Un,i.Ai.bi)/ZAi + AUem g [W-m2-K?]
Uem - average heat transfer coefficient of the assessed building [W-m2-K]
Un,i - corresponding value of the heat transfer coefficient of the heat
exchanging structure [W-m2-K?]
A - area of the structure determined from external dimensions [m?]
bi - temperature reduction factor corresponding to the structure [-]
AUem, r- surcharge on the influence of thermal bonds [W-m2-K]
Uemn=Z(Un,iAi.bi)/ZAi + AUemr [W-m2K?1]
Uem, n - value of average heat transfer coefficient of reference building [W-m2-K]
Un,i - corresponding standard value of the heat transfer coefficient of the heat
exchanging structure [W-m2-K]
A - area of the structure determined from external dimensions [m?]
bi - temperature reduction factor corresponding to the structure [-]

AUem, r- surcharge on the influence of thermal bonds [W - m2 - K]

Assessment

Uem £ UemN
Uem - average heat transfer coefficient of the assessed building [W-m2-K]
Uem - average heat transfer coefficient of reference building [W-m=2-K1]

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 CSN 73 0540-2: 2011.
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Reference building Assessed building
Heat ific heat Heat ific heat
ea Reduction Spec c ?a ea Reduction Speci c ?a
Structure area | transfer transmission | area | transfer transmission
. factor . factor
coefficient loss coefficient loss
A U b Hy A U b Hy
[m’] | [Wm’.K] [ [W/K] [m'] | [Wim® K] [ [W/K]
1.a - Ceilin; ting heated
Cl.a - Ceilig seperating heated space 1046 | 0420 0.571 25100 | 1046 | 0414 0.571 24,761
from unheated part of basement
R- Flat roof 238.,8 0,170 1,000 40,596 238,8 0,136 1,000 32,384
S 1- 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
- Inset bal 1l bove heated part
C3- Inset balcony floor above heated p 6.9 0,170 1,000 1,165 69 | 0198 1,000 1359
of basement
Facade 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
= 1270,3 384,598 1270,3 271,769
Thermal bond AHy 0,020 25,406 0,050 63,516
Total specific heat transmission loss 410,005 335,285
N - required value
Average heat transfer coefficient Uem U.m = ZHr+ AHp /ZA 0,264
Uem,N,req
Uem,N,req =2 (UNi Albl)/ZAJ 0’323
+0,02 , max. 0,5
recommended
recommended. value is 75% from valte Uy nrec
required value
0,242

Classification indicator ClEUen/U ¢ Nyreq

0,82

Classification class of building envelope
according to
CSN 73 0540-2

C - economical
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Energy label of the building

Apartment building

Evaluation of building

Olomouc envelope
Total floor area = 873,03 m? calculated Recommended

Cl  very economical
05 -

- 0'82
08 T
1,0 >
15 >
20 >
25 >
Extremely uneconomical

Classification C
Average heat transfer coefficient of building envelope 0,264

Uem in [W/m? K]
Required value of average heat transfer coefficient of 0,323

building envelope according to €SN 730 0540-2

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

B.1.3. Estimation of heat loss of the building

Heat losses are calculated according to CSN 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.

dyLi= dri+dvy [W]

@r,i- design heat transmission loss [W]
Qv,i- design heat loss due to ventilation [W]
Total design heat transmission loss

@1 = (Hrje+ {‘lT,ia + Hrjiae + HT,ian + Hr,ig).(Binti— Be)  [W]

|

Hr ia(.)

where

Hrie - specific heat transmission loss directly to exterior[W/k]

Hr,ia(.) - specific heat transmission loss from heated space to neighbouring
heated space or unheated space or through it[W/k]

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

Binti — indoor temperature [°C]

B — outdoor temperature[°C]

Specific heat transmission loss directly to exterior

Hrje= 2 (Ak.(Ukt+AUs).fuk.fiex) [W/K]

Where:

Ak - structure area [m?].

Uk — heat transfer coefficient [W-m2-K1].

A Ug — correction of heat transfer coefficient [W-m2-K1].

fuk = 1if 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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Hria(.) = 2 (Ak.Ui.fixi) [W/K]
Where:
fixk— temperature correction factor. fixk = 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:

= Oint,i - Bu
Oint,i - Be

Binti — indoor temperature [°C]

By — temperature of neighbouring heating space [°C]

B — outdoor temperature[°C]

f, - correction factor f; 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 f, =0.

For Olomouc region in the Czech republic and according the standards 8e=-15°C.
Specific heat transmission loss to ground HT,ig

Hrig = foann .Z (Ak.Uequiv,k-fig,k fow k)
Where: fgann— 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.
Ax - structure area [m?].

B = 4,/ (05.P)

U uivic = d +d
G ha(e,+ B +(cy+2) (e + U, + AU, )”

a b c; C, Cg n; n, n3 d

Floor 9671 -7,455 10,76 9,773 00265 0,5532 06027 -0,9296 -0,0203

Basement ' ... 21552 o0 1,466 01006  0°  0,45325-1,0068 -0,0692
wall '

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.
figk— temperature correction coefficient.
AUrg - surcharge on the effect of thermal bonds.

45



fig,k —temperature correction factor
fOinti - 6e,m
0intI - Be

Bint,i — indoor temperature [°C]

fig k==

Bem — average temperature during heating season [°C].
For Olomouc region and according to the standards Oem=3,8°C
B — outdoor temperature [°C]
few,k— correction coefficient that considers the effect of underground
water =1.
Design heat loss due to ventilation ®V, 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.

Type of room Nnmin [1/h]
residential area 0,5
kitchen and bathroom without window 1,5
office 1
sitting area 2

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, .

Vmin,i = Nmin . V

Where:

Vmin,i— minimum hygienic air exchange [m3/ h]
Nmin - @ir exchange intensity [1/h]

V - room volume [m?]

Then we should determine the amount of air infiltrated by building envelope through
openings Vinf,i

Vinfi=2.V.Nnsg. €. &

Vinti - amount of air infiltrated by building envelope [m3/ h]

V - room volume [m3]

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

in case of natural ventilation nso=4,5 [1/h]
ei - shading factor, it depends on the position of the building in the landscape [-]
&; - correction factor of height level from terrain [-]
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We choose the bigger value of Vmin,i and Vinf,| and we use it to calculate the total
specific heat loss due to ventilation

Hyv,i=0,34. Vi [W - K]

Hv i - total specific heat loss due to ventilation [W - K]

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:

Qv,i=Hy,i . (Bint,i-Be) [W]

Qv i- design heat loss due to ventilation [W]

Bint,i - indoor temperature [°C].

Be - 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 ©nti 1°)

S$101

Corridor

15,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
A U AU, U f f;
No. Description kz kz i kcz Uk iek Ax.(UAUg).fy k- fie x
[m] |[[W/m’.K]| [W/m®K] | [W/m®K] [-] [-]
0,000
Hrje = 2 (AK.(U+AUp) fu i fie ) (W/K) 0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy ()

structures
6, Ag Uk AU Ukc fixk
No.S. description 2 ’ AU fi
P (| [m3 | (w/mak | IW/m* Kl [ (w/m’K]| ] el Tk
Cl.b |ceiling above basement 20,000( 3,970 0,414 0,414 | -0,167 -0,274
int | -load beari I
sq |Mternalnon-loadbearingwall |5, 046| 5151 | 1,379 1,379 | -0,167 -1,184
between rooms
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
Hrjia() = 2 (AU fixi) (W/K) -1,092
Fix = f1= (Binti = 04)/(Binti —Be)
Specific heat transmission loss to ground Hy e
A A P Uy figk B'
No.S. descripti & ; 2 K] | AcUequivk figk - F
o escription [m2] [mZ] [m] [W/mZ.K] [_] [m] Uequlv.k [W/m K] k-Yequiv,k.ligk - TGW,k
F Floor on the ground 3,970 | 118,160 | 47,400 0,309 0,373 | 4,986 0,255 0,378
2( AcUequivk figk fowk) 0,378
f, fowk 6,
e[a_rin HT,ig= 1:Bann 2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [_] rzin
1,450 0,548 1,000 3,800

Total design heat transmission loss ®r; = ( Hre + Hrja + Hrae + Hrjage + Hrjg

-(Bint,i - B ) [W]

2Hy;
Bint; [C] 6.[C] Ointi - 0 [C] [Wt:('ll Design heat transmission loss Or; [W]
15,000 -15,000 30,000 -0,544 -16,326

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature 6, indoor
volume rcl temperature 6;,,; |Hyginic requirements
Vi(ma) [ra Nin(h™) Hygienic air exchange Vmin,i(ma/h)
11,870 -15,000 15,000 0,500 5,935
Nso Number of unprotected Shading factor correction factor of height level | Amount of air infiltrated by
[1/h] opennings e from terrain § building envelope Vins,
(m*/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Ointi-6e max. of Viin,i, Vinti H, [W-K™] |Design heat loss due to ventilation Qv,i(W)
30,000 5,935 2,018 60,539

Total design heat transmission loss of the specific room =

44,212 W
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http://Ak.Ukc.fi

Room No.

Name of the room

Indoor temperature O c)

5102

Storeroom

15,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
A U AU U X
No. Description kz kz 2 kcz fus fiex A (UtAUg) iy Fie
[m’] [[W/m?K]| [W/m®K] | [W/m®K] [-] [-]
0,000
Hrie =2 (Ak.(Ui+AUg).fux fiex) (W/K) 0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja..)

structures
No.S. description 8 Akz U ) AUZ Ukcz fin AU fixk
(] [m | w/m’K] | IW/m?K] [fw/m’K]l| [ '
S4 internal non-load bearing wall | 20,000| 12,953 1,379 1,379 | -0,167 -2,977
Cl.b [ceiling above basement 20,000| 2,300 0,414 0,414 | -0,167 -0,159
HT,ia(..) =3 (Ak~Uk~fix,k) (W/K) -3,136
Fixk= f1 = (Binti = 6u)/(Binti —6e)
Specific heat transmission loss to ground Hy
No.S. description [:qkz] [:qul [:ﬂ [W;Jnkﬁz.K] fif_"]( [?n] Uequivie [W/m2.K] | Ax-Uequivk Figk -fow,k
F Floor on the ground 2,300 | 118,160 | 47,400 0,309 0,373 | 4,986 0,255 0,219
Z( Ak~ Uequiv,k ~fig,k ~fGW,k) 0;219
fea nn ['] HT,ig= feann p3 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) fGW ['] ee,m rC]
1,450(0,317 1,000 3,300

Total design heat transmission loss @r; = ( Hyje + Hrja + Hr,ine + Hrjae + Hr,ig) (Bint,i - 6 ) [W]

SHy; Design heat transmission loss ®r; [W]
Bing;i [C] 8.[d] Binti - 0 [C] ko "
[W-K™]
15,000 -15,000 30,000 2,819 -84,568

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature Oy 4
Viim®) ra Mmin(N”) Hygienic air exchange Vyn;(m>/h)
6,877 -15,000 15,000 0,500 3,439
Nso Number of unprotected Shading factor correction factor of height level | Amount of air infiltrated by
[1/h] opennings [ from terrain §; building envelope Vi,
(m*/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Binti-6e max. of Viini, Vingi H,[W-K] |Design heat loss due to ventilation ®v,i(W)
30,000 3,439 1,169 35,073

Total design heat transmission loss of the specific room =

-49,495 W
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Room No.

Name of the room

Indoor temperature ©nti 1°c)

5103

Technical room

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
No. Description Akz U ) Aui Ukcz fus fiex A.(UAUg). fy k- fie x
[m?] [[W/m”.K]| [W/m”K] | [W/m".K] [-] [-]
Del 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
Hrje = 2 (AK.(U+AUg) fy . fiex) (W/K) 9,088

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy ()

structures
No.S. description 8 Akz Y , AUZ Ukcz Fu AUie-Fixk
[C| [m1 [W/m°K] | [W/m°K] [[W/m“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
Hria() = 2 (Ak-Ui.fixi) (W/K) 6,427
Fix k= f1= (Binti = 6u)/(Binti —Be)
Specific heat transmission loss to ground Hy,
No.S. description ['::2] [:132] P [m] [W;Jn:Z.K] f'[g_'l]‘ ?m] Uequivk W/m? K] | Ac-Uequivk figk -fowk
F Floor on the ground 29,500 | 29,500 | 10,958 0,309 0,463 | 5,384 0,250 3,413
2( A-Uequivik -figk fow i) 3,413
1:GW,k ee,m rC]
1:Bann HT,ig= 1:Bann 2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [']
[-]
1,450(4,949 1,000 3,800

Total design heat transmission loss ®r; = ( Hre + Hrja + Hrae + Hrjage + Hrjg

-(Bint,i - B ) [W]

ZHy;
Binti [C] 6. [C] Ointi- 0 [C] [ o . Design heat transmission loss Or; [W]
3 WK
20,000 -15,000 35,000 20,463 716,206

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature Oy 1
Vi(ma) ra Pran{h”) Hygienic air exchange Vmin,i(ma/h)
88,205 -15,000 20,000 0,500 44,103
Nso Number of unprotected Shading factor correction factor of height level | Amount of air infiltrated by
[1/h] opennings [ from terrain & building envelope Vi,
4,500 3,000 0,020 1,000 47,631
Heat loss due to natural ventilation
Binti-6e max. of Viini, Vinti H, [W-K™] |Design heat loss due to ventilation Qv,i(W)
35,000 47,631 16,194 566,805

Total design heat transmission loss of the specific room =

1283,01 W

50




Room No.

Name of the room

Indoor temperature ©;n i)

5104

Toilet

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy e

structures
No. Description Akz Uk ) AU{; Ukcz fux fiex A.(Ug+AUg) fu k. fiex
[m?] | [W/m".K]| [W/m".K] | [W/m".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
Hrie = 2 (AK.(U+AUg).fy - fiex) (W/K) 1,314

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy;,)

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature 8, 4
Vi(ma) ra o) Hygienic air exchange Vmin,i(m3/h)
17,432 -15,000 20,000 0,500 8,716
Nso Number of unprotected Shading factor correction factor of height level | Amount of air infiltrated by
[1/h] opennings [ from terrain §; building envelope Vins,
4,500 1,000 0,020 1,000 3,138
Heat loss due to natural ventilation
Binti-6e max. of Viini, Vingi H,[W-K!] |Design heat loss due to ventilation ®v,i(W)
35,000 8,716 2,963 103,719

Total design heat transmission loss of the specific room =

181,008 W

51

structures
9 A u AU U £
No.S. description ! kz K , ) kcz ik A-Upe Fik
[Cl| [m |[W/m K] | [W/m"K] [[W/m*K]| [-]
Cl.b Ceiling seperating heated space f| 24,000| 2,600 0,414 0,414 | -0,114 -0,123
Hrjia) = 2 (AU fix i) (W/K) -0,123
Fixk=f1= (Binti = Bu)/(Binti — Be)
Specific heat transmission loss to ground Hy g
Ax Ag p Uy figk B' )
No.S. description & Uequivk [W/m®.K] | Ax-Uequivk figk -f
[mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequivk.ligk - 'GW,k
S2 eripheral wall in touch with groun| 0,380 | 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
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 01702
fGW,k ee,m FC]
foann HT,ig =foann .2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[-]
1,450 [1,017 1,000 3,800
Total design heat transmission loss @1, = ( Hrie + Hria + Hriae + Hrjiage + Hrig) . (Oint,i - 6 ) [W]
Hy; Design heat transmission loss ®r; [W]
Binti [C] 6.[C] Bint;i- B [C] v !
[W-K™]
20,000 -15,000 35,000 2,208 77,289




Room No.

Name of the room

Indoor temperatu

re Ointi°c)

5105

Privat gym for inhabitants

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
No. Description Akz U ) Aui Ukcz fus fiex Ax.(UAUg).fy k- fie x
[m?] |[W/m”.K]| [W/m”.K] | [W/m".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
Hrje = 2 (AK.(U+AUg) fuy . fiex) (W/K) 2,532

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hys(.)

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature B, 1
Vi(ma) ra (1) Hygienic air exchange Vmin,i(ma/h)
44,342 -15,000 20,000 0,500 22,171
Nso Number of unprotected Shading correction factor of height level | Amount of air infiltrated by
[1/h] opennings factor g from terrain § building envelope V.,
4,500 1,000 0,020 1,000 7,982
Heat loss due to natural ventilation
Oint,i-6e max. of Viini s Vingi H, [W-K™] |Design heat loss due to ventilation ®v,i(W)
35,000 22,171 7,538 263,833

Total design heat transmission loss of the specific room =

531,767 W

52

structures
6, A U AU U f;
No.S. description Y kz K , , kcz ixk AUie-Fixk
[c | [m%1 [ Iw/m®K] | [W/m*K] |[W/m*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
€3 |Internal ceiling 24,000| 1,470 0,414 0,414 | -0,114 -0,070
Hrjia() =2 (AU fix i) (W/K) 2,861
Fix k= f1= (Binti = 6u)/(Binti —Be)
Specific heat transmission loss to ground Hy e
L Ax Ag P Uy fi K B' 2
No.S. description & Uequivik [W/m*K] | Ac-Uequivk figk -F
Y [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequiv,k.ligk - TGW,k
S2  |Peripheral wall in touch with gro{ 1,400 | 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
2( A-Uequivik -figk fow i) 1,560
f f
?_a]nn HT,ig= 1:Bann 2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) G\[A_Ijk ee,m rC]
1,450 2,262 1,000 3,800
Total design heat transmission loss @r; = ( Hyje + Hyja + Hyjae + Hrjape + Hyig)-(Qint,i - 6. ) [W]
ZHy;
Bint; [C] 6. (] Ointi - 0 [C] w :("71] Design heat transmission loss Or; [W]
20,000 -15,000 35,000 7,655 267,934




Room No.

Name of the room

Indoor temperature ©jn, [

5106

Privat gym for inhabitants

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy;e

structures
A U AU U 2
No. Description kz k , Z kcz fux fiex A (UetAUg) iy Fie
[m?] [[W/m®.K]| [W/m’K] | [W/m’ K] [-] [-]
% triple glazing plastic window 2,900 | 0,700 0,700 1,000 1,000 2,030
C5 inset balcony floor above basem({ 3,780 | 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
Hrje = 2 (Ak.(Ug+AUg).fy - fiek) (W/K) 5,590

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

rough it HTia(..)

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature 8, indoor Hyginic requirements
volume raq temperature 6, 1
Vi(m®) ra in(R”) Hygienic air exchange Vy,:(m3/h)
50,830 -15,000 20,000 0,500 25,415
Nso Number of unprotected Shading factor correction factor of height level | Amount of air infiltrated by
[1/h] opennings [ from terrain § building envelope Vi,
(m*/h)
4,500 2,000 0,020 1,000 18,299
Heat loss due to natural ventilation
Ointi-Oe max. of Viin;i, Vinti H; [W-K'l] Design heat loss due to ventilation Qv,i(W)
35,000 25,415 8,641 302,439

Total design heat transmission loss of the specific room =

708,367 W

53

structures
[S] A U AU U f;
No.S. description ! kz k ) 2 kcz ik A Upe.fixk
[cl | [m1 | [wW/m’K] | [W/m*K] |[W/m’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
Hra() = 2 (AU Fig ) (W/K) 2,217
Fix=f1= (Binti — 6u)/(Binti — 6e)
Specific heat transmission loss to ground Hy ;g
.. A¢ Ag P U fi k B'
No.S. description & Ueguivk [W/m2.K] | Ac-Uequivi figk -F
P [mz] [mz] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequivk.ligk - Taw k
S2 Peripheral wall in touch with gro{ 5,970 | 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
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 21614
f, f <]
?f\]nn HT,ig = feann P2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) G\[A_ljk [,E'Cn]
1,450 3,791 1,000 3,800
Total design heat transmission loss ®r; = ( Hyje + Hria + Hrjize + Hriage + Hrig)-(Bint,i - 8 ) [W]
ZHy; ) .
Oint,i [C] 6. Ointi - B [C] W K"l] Design heat transmission loss ®@r; [W]
20,000 -15,000 35,000 11,598 405,929




Room No.

Name of the room

Indoor temperature ©n,ifq)

5107

Corridor

15,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hye

structures
A U AU U f fi
No. Description kz k ) 2 kcz uk ek | A (UtAUg) fu e fiek
[m7] | [W/m”.K]| [W/m*.K] | [W/m*".K] [-] [-]
W Window 0,400 | 0,700 0,700 1,000 1,000 0,280
C5 inset balcony floor above basem( 0,800 | 0,198 0,198 1,000 1,000 0,159
sl Peripheral wall to the exterior 3,487 | 0,125 0,050 0,175 1,000 1,000 0,609
Hrje = 2 (Ak.(Ug+AUg).fiy k. fie ) (W/K) 1,048
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
0 A U AU U f;
No.S. description ! kz k , ) kcz ik AU fixk
[cl | [m? | [w/m’K] | IW/m*K] |[W/m*.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
Ccra |Ceiingseperating heated space | ) 10 5 050 | 414 0,414 | -0,167 -0,487
from heated part of basement
S4 internal non-load bearing wall |[20,000| 16,612 1,379 1,379 | -0,167 -3,819
Hrja() = 2 (AU fix i) (W/K) -3,737
Fixk=f1= (Binti = Bu)/(Binti = Be)
Specific heat transmission loss to ground Hyjg
Ak Ag P Uk fi Kk B'
No.S. descripti & Uequivk [W/m?.K] | AcUequivk figk -F
o escription [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ /m ] k- Yequivk .ligk - TGw k
F Floor on the ground 8,860 | 8,860 1,300 0,136 0,373 | 13,631 0,127 0,419
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 01419
fow k 5]
feann ['] HT,ig= feann P2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) G\[A_/i [,eéni
1,450 0,608 1,000 3,800

Total design heat transmission loss @y, = ( Hye + Hria + Hrjiae + Hriage + Hijig

+(Bint,i - 8 ) [W]

Bint; [Cl 6.[C] Ointi- 6. [Cl [Z\:I/t’;(_ll Design heat transmission loss ®r; [W]
15,000 -15,000 30,000 -2,082 62,452
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature 8, indoor
volume rc temperature Bn, Hyginic requirements
Vi(m?) ra
Nmin(h ) Hygienic air exchange Vmin,i(m3/h)
26,491 -15,000 15,000 0,500 13,246
Nso Number of unprotected Shading factor | correction factor of height level | Amount of air infiltrated by
[1/h] opennings e from terrain §; building envelope Vins,
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Ointi-6e max. of Viini, Vinti H,[W-K!] |Design heat loss due to ventilation ®v,i(W)
30,000 13,246 4,504 135,106
Total design heat transmission loss of the specific room = 72,654 W
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Room No. Name of the room Indoor temperature O i [+
S108 Staircase 10,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy .
structures
A U AU U f fi
No. Description kz K ) 2 kcz uk ek | Ak (UBUg).fu Fre
[m] | [W/m"K]| [W/m*.K] [ [W/m"K] [-] [-]
Hrje =2 (Ak.(Uy+AUg).fiy k. Fiek) (W/k) 0,000
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
0 A U AU U f;
No.S. description . kz K ) 2 kcz ik Ax.Ugefixk
[Cl]| [m% |[wW/m’K] | [W/m°K] [[w/m®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
Hrja(.) = 2 (Ak-UrFixie) (W/K) 2,270
Fixk=f1= (Binti —6u)/(Binti — Be)
Specific heat transmission loss to ground Hy
Ax Ag p Uy fiok B' )
No.S. description & Uequivk [W/m* K] | Ax-Ueguiv Figk -f
[mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequivk.ligk -'GW k
Peripheral wall in touch with
s2 eripheralwallin touch wi 6,500 | 28,000 | 3,00 | 0,27 | 0,248 | 18,06 0,186 0,299
ground
F Floor on the ground 28,000 | 28,000 | 3,100 0,136 0,248 | 18,06 0,115 0,799
Z( Ak-Uequiv,k -fig,k -fGW,k ) 0,799
fowk 5]
feann ['] HT,ig= feann P2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) GFY] reg]\
1,450 1,159 1,000 3,800
Total design heat transmission loss @1, = ( Hrje + Hrja + Hrjae + Hriage + Hrig)-(Bint,i - 6 ) [W]
Binti [C] 6.[q Ointi- 0 [Cl ZHy; . Design heat transmission loss ®r; [W]
[W-K™]
10,000 -15,000 25,000 3,429 85,721

Design heat loss due to ventilation - natural ventilation

room indoor
volume Outdoor temperature temperature 8;,,; |Hyginic requirements
Vi(m®) CRe rcl
nmin(h'l) Hygienic air exchange Vmin,i(m3/h)
41,860 -15,000 10,000 0,500 20,930
Nso Number of unprotected Shading factor | correction factor of height level | Amount of air infiltrated by
[1/h] opennings e from terrain & building envelope Vins,
(m*/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Viini, Vingi H,[W-K!] |Design heat loss due to ventilation ®v,i(W)
25,000 20,930 7,116 177,905
Total design heat transmission loss of the specific room = 263,626 W
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Room No.

Name of the room

Indoor temperature 6,

5109 Corridor

0,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
A U AU U f
No. Description kz « ) ° kcz U frek A (U+AUg) fu . fiek
[m?] | [W/m2.K]| [W/m?K] | [W/m?.K] [-] 0
Del 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
Hrie = 2 (Ak.(U+AUg) . fuk.fiek) (W/K) 4,892

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hya()

structures
0 A U AU U f;
No.S. description . kz k 5 , kcz ik AcUiefixk
[C| ™1 | Iw/m’K] | [W/m®K] [[W/m’K] [-]
Cl.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(..) =2 (Ak~Uk~fix,k) (W/K) -20,857
Fix = f1= (Binti = 6u)/(Binti — 6e)
Specific heat transmission loss to ground Hy,
Ag Ag P Uk figk B'
No.S. description & Ueguivk IW/m2K] | AcUequivi figk -f
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequivk.ligk -TGW,k
F Floor on the ground 12,000 | 12,000 2,000 0,309 -0,253 12,00 0,192 -0,584
Z( Ak-Uequiv,k -fig,k -fGW,k ) ’01584
fowk 0
feann [’] HT,ig = feann .z (Ak-Uequiv,k-fig,k -fGW,k) (W/K) GE’Yi re,cn;
1,450 -0,847 1,000 3,800

Total design heat transmission loss ®; = ( Hyjie + Hrja + Hrjae + Hriage + Hrig)-(Bint,i - 6 ) [W]

2H;;
Oint; [Cl 6.[C Ointi -0 [C [Wt’ll('l] Design heat transmission loss Or; [W]
0,000 -15,000 15,000 -16,812 -252,177

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature indoor
volume e.[q) temperature 6;,,; [Hyginic requirements
vi(m?) ra
Nmin(h ) Hygienic air exchange me,i(m3/h)
35,880 -15,000 0,000 0,500 17,940
Nso Number of unprotected Shading factor | correction factor of height level | Amount of air infiltrated by
[1/h] opennings [ from terrain §; building envelope Vi
(m?/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Oint,i-6e max. of Viinji, Vingi H, [W-K'] [Design heat loss due to ventilation ®v,i(W)
15,000 17,940 6,100 91,494
Total design heat transmission loss of the specific room = -160,683 W

56




Room No.

Name of the room

Indoor temperature ©jni°)

5110

Pram room 1

0,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
A U AU U f fi
No. Description kz K , 2 kcz Uk ek A (UitAUg). Fu i Fiex
[m?] [[W/m”.K][ [W/m".K] | [W/m".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
Hrje = 2 (AK.(U+AUg).fiy i fiei) (W/k) 1,302
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
[§] A U AU U f;
No.S. description b kz K , , kcz ok AUeFixk
[l | [m% | [wW/m2K] | [W/m°K] |[W/m?K] [-]
Cl.a basement ceiling 20,000| 6,040 0,414 0,414 -1,333 -3,336
Hrjia() = Z (A Ui fixi) (W/K) -3,336
Fixk= f1= (Binti = 0u)/(Binti —Be)
Specific heat transmission loss to ground Hr,
- A Aq P Ui figk B' 2
No.S. description & Ueguivk [W/m”.K] | Ac-Uequivk figk-F
Y [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k.ligk - TGW,k
F Floor on the ground 6,040 | 6,040 1,800 0,309 0,253 | 6,711 0,235 -0,360
3( Ar-Uequivk -figk -fs -0,360
f 5]
fBann ['] HT,ig = fBann P2 (Ak~ Uequiv,k~fig,k ~fGW,k) (W/K) GEI\_I],k regi
1,450 -0,522 1,000 3,800

Total design heat transmission loss 1, = ( Hr,ie + Hrja + Hjne + Hrjase + Hig) (Bint,i - 8 ) [W]

2Hy;
Ointi [Cl 0.[C] Ointi - 0 [C] [ o . Design heat transmission loss ®r; [W]
: WK
0,000 -15,000 15,000 -2,555 -38,327
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature indoor
volume 0.[C] temperature By Hyginic requirements
V(m) ra
nmin(h'l) Hygienic air exchange Vmin,i(ma/h)
18,060 -15,000 0,000 0,500 9,030
Nso Number of unprotected . correction factor of height level | Amount of air infiltrated by
. Shading factor . -
[1/h] opennings from terrain §; building envelope Vi,
e
' (m*/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Binti-6e max. of Vin,i, Vinti H,[W-K"] |Design heat loss due to ventilation ®v,i(W)
15,000 9,030 3,070 46,052
Total design heat transmission loss of the specific room = 7,725 W
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Room No.

Name of the room

Indoor temperature By, «c)

S111 Bike room 1 0,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hyje
structures
A U AU U f f;
No. Description kz K ; i kcz Uk ek | A (UicrAUg).fu Fiex
[m?] |[W/m”.K]| [W/m".K] | [W/m".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
Hrje = 2 (AK.(U+AUg).fiy . fiex) (W/K) 1,790
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
0 A U AU U f;
No.S. description ! kz K , ) kcz ik A-Upe ik
[a | [m? | w/m’K] | [W/m*K] |[W/m*K] [-]
Cla |basement ceiling 20,000 13,730 | 0,414 0,414 | -1,333 -7,582
Hrjia() = 2 (A Ui i) (W/K) -7,582
Fix= f1= (Binti —6u)/(Binti — Be)
Specific heat transmission loss to ground Hy;,
Ak Ag P Uk f; Kk B'
No.S. description & Ueguivik [W/m2.K] | AcUequivi figk-f
p [mZ] [mZ] [m] [W/mZ.K] -] [m] equiv.k [W/m*.K] k-Yequivk .Tigk -Taw k
F Floor on the ground 13,730 13,730 | 2,885 0,309 -0,253 | 9,518 0,210 -0,729
3( AcUequivk figk -fo -0,729
f 0
fea nn ['] HT,ig= fBann 2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) GEI\_I],k reg]‘
1,450 -1,058 1,000 3,300

Total design heat transmission loss @1, = ( Hyje + Hr,ia + Hrjae + Hijiage + Hrg)-(Bint,i - 6 ) [W]

Ointi [C] 6. [C] Ointi- 0 [Cl T\I;I\IUK&] Design heat transmission loss ®r; [W]
0,000 -15,000 15,000 -6,850 -102,746
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature indoor
volume 6. [C] temperature By Hyginic requirements
vi(m?) rcl
Nmin(h™) Hygienic air exchange Vminyi(m3/h)
41,053 -15,000 0,000 0,500 20,526
Nso Number of unprotected Shading factor | correction factor of height level | Amount of air infiltrated by
[1/h] opennings e from terrain §; building envelope Vi,
4,500 1,000 0,020 1,000 7,389
Heat loss due to natural ventilation
Oint,i-Oe max. of Viin,i, Vini H,[W-K] [Design heat loss due to ventilation ®v,i(W)
15,000 20,526 6,979 104,684
Total design heat transmission loss of the specific room = 1,939 W
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Room No.

Name of the room

Indoor temperature Ginti ')

S112

Bike room 2

0,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy;.

structures
A U AU U .
No. Description kz k , 2 kcz fux fiex A (UirAUg).fu k- Fiek
[m] | [W/m”K]| [W/m"K] | [W/m®K] [-] [-]
% 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
Hrie = 2 (AK.(U+AUB).fux.fiek) (W/K) 4,157
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
[S] A U AU U f;
No.S. description . kz k , 5 kcz ik AU Fixk
[Cl| [m’] | [W/m*K] | [W/m’K] |[W/m®K] [-]
Cl.a |basement ceiling 20,000| 12,500 0,414 0,414 | -1,333 -6,903
Hra() = 2 (AcUi-fixi) (W/K) -6,903
Fixk= 1= (Binti = 6u)/(Binti —6e)
Specific heat transmission loss to ground Hy ¢
Ay Ag P Uy figk B'
No.S. description & Ueguivk [W/m2K] | AxUequivk figk -F
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k.ligk - TGw k
F Floor on the ground 12,500 | 12,500 7,358 0,309 -0,253 3,398 0,277 -0,877
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) ‘01877
fowk 5]
feann [‘] HT,ig = fea nn -2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) GE,Y] re,cn;
1,450 -1,272 1,000 3,800

Total design heat transmission loss @1, = ( Hre + Hra + Hjize + Hriane + Hrig) - (Qint,i - 0 ) [W]

Oini [C e.[q) Ointi - B[ C] T\I/-I\/tyiK'll Design heat transmission loss Or; [W]
0,000 -15,000 15,000 -4,018 -60,270
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature indoor
volume 6.[C] temperature ©jnt; Hyginic requirements
vi(m?) [
nmin(h'l) Hygienic air exchange Vmin,i(m3/h)
37,375 -15,000 0,000 0,500 18,688
Nso Number of unprotected Shading factor | correction factor of height level | Amount of air infiltrated by
[1/h] opennings [ from terrain §; building envelope Vs,
4,500 1,000 0,020 1,000 6,728
Heat loss due to natural ventilation
Binti-Oe max. of Viini, Vinfi H, [W-K'l] Design heat loss due to ventilation Qv,i(W)
15,000 18,688 6,354 95,306
Total design heat transmission loss of the specific room = 35,036 W
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Room No.

Name of the room

Indoor temperature O i [+

S113 Corridor 0,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy .
structures
A U AU U 2
No. Description © “ ° < fu fex A (UictAUg) fy i Fie
[m?] |IW/m?.K]| [W/m®K] | [W/m®.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
Hrie =2 (Ak.(U+AUg).fuk.fiex) (W/K) 0,948
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
0 A U AU U f;
No.S. description . kz K , ) kcz ik AcUie ik
[Cl| [m? |[wW/mK] | [W/m*K] |[W/m*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
Cl.a basement ceiling 20,000| 15,110 0,414 0,414 -1,333 -8,344
HT,ia(..) =2 (Ak~Uk~fix,k) (W/K) -16,739
Fixk=f1= (Binti —6u)/(Binti = Be)
Specific heat transmission loss to ground Hy
Ax A p Uy fiok B' )
No.S. description & Uequivk [W/m*.K] | Ax-Ueguiv Figk -f
[mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequivk.ligk -'GW k
F Floor on the ground 15,110 15,110 | 1,413 0,309 0,253 | 21,387 0,148 -0,567
3( A Uequivk Figk o -0,567
fowk 5]
feann ['] HT,ig= feann P2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) Gril] reg]\
1,450 -0,823 1,000 3,300
Total design heat transmission loss @1, = ( Hye + Hrja + Hrjae + Hriage + Hrig)-(Bint,i - 6 ) [W]
2Hy;
Binti [C] 6.[q Ointi- 0 [Cl [WUK'l] Design heat transmission loss ®r; [W]
0,000 -15,000 15,000 -16,614 249,203
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature indoor
volume 6.[q temperature Ojn, Hyginic requirements
Vi(m®) [a
nmin(h'l) Hygienic air exchange Vmin,i(m3/h)
45,179 -15,000 0,000 0,500 22,589
Nso Number of unprotected correction factor of height level | Amount of air infiltrated by
: Shading factor . -
[1/h] opennings from terrain §; building envelope Viqs,
e
' (m?/h)
4,500 1,000 0,020 1,000 8,132
Heat loss due to natural ventilation
Binti-6e max. of Viini, Ving,i H,[W-K!] |Design heat loss due to ventilation ®v,i(W)
15,000 22,589 7,680 115,206
Total design heat transmission loss of the specific room = -133,997 W
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Room No. Name of the room Indoor temperature Ot fc)
S114 Storeroom 0,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy;e
structures
A U AU U f f;
No. Description kz k , 2 kcz uk ek A (UikAUg). Fy i Fie
[m’] [[W/m?K]| [W/m®K] | [W/m®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
Hrje = 2 (AK.(UitAUg).fu k. fiek) (W/K) 1,069
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
0 A U AU U f;
No.S. description ! kz k , ) kcz ik Ar-Upe Fixk
[Cl | [m? | [w/m’K] | [W/m*K] [[W/m?K] [-]
Cl.a basement ceiling 24,000| 2,210 0,414 0,414 -1,600 -1,465
Cl.a basement ceiling 20,000 | 4,840 0,414 0,414 -1,333 -2,673
Hrjia() = 2 (Ac.Ui-fixi) (W/K) -2,673
Fix k= f1 = (Binti = 6u)/(Binti —6e)
Specific heat transmission loss to ground Hy
Ak Ag P Uk f, Kk B'
No.S. description & Ueguivk [W/m2.K] | Ac-Uequiv Figk -f
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequiv,k.ligk -Taw,k
F Floor on the ground 4,840 | 4,840 1,645 0,309 -0,253 | 5,884 0,244 -0,299
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) '0;299
fowk 0
feann ['] HT,ig= feann p3 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) GE’Y] [,eg]‘
1,450 -0,434 1,000 3,800

Total design heat transmission loss ®r; = ( Hyje + Hrja + Hriae + Hrjae + Hr,ig) (Bint,i - 6 ) [W]

Binti [Cl 6.[C] Binti - 0.[C] Z;II:; K] Design heat transmission loss ®Or; [W]
0,000 -15,000 15,000 2,038 -30,566
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature indoor
volume 6.[q temperature iy Hyginic requirements
Vi(m?) rcl
nmin(h'l) Hygienic air exchange Vmin,i(m3/h)
14,472 -15,000 0,000 0,500 7,236
Nso Number of unprotected Shading factor | correction factor of height level | Amount of air infiltrated by
[1/h] opennings e from terrain §; building envelope Vi,
4,500 1,000 0,020 1,000 2,605
Heat loss due to natural ventilation
Binti-6e max. of Vimin,i, Vinti He [W- K'l] Design heat loss due to ventilation ®v,i(W)
15,000 7,236 2,460 36,903
Total design heat transmission loss of the specific room = 6,337 W
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Room No.

Name of the room

Indoor temperature ©n,if)

5115

Storeroom

0,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy e

structures
A U AU U f fi
No. Description kz k ) 2 kcz uk iek Ap(Ui+AUB) fu k-Fiek
[m?] | [W/m".K]| [W/m".K] | [W/m®.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
Hrie = 2 (AK.(U+AUg).fuk-fiex) (W/K) 1,069
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
0 A U AU U f;
No.S. description . kz K , ) kcz ik ArUpe Fink
[Cl| [m’] | [W/m’K] | [W/m®K] [[W/m®K] [-]
Cl.a basement ceiling 20,000| 4,840 0,414 0,414 -1,333 -2,673
Cl.a basement ceiling 24,000| 2,210 0,414 0,414 -1,600 -1,465
Hrjia) = 2 (AU fix i) (W/K) -1,465
Fixk=f1= (Binti = Bu)/(Binti = Be)
Specific heat transmission loss to ground Hy g
Ax Ag p Uy figk B' )
No.S. description & Uequivk [W/m®.K] | Ax-Uequivk figk -f
[mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequivk.ligk - 'GW,k
F Floor on the ground 7,050 | 7,050 1,650 0,309 -0,253 | 8,545 0,218 -0,389
3 AcUequivi Figk -fo -0,389
faw,k 0
feann ['] HT,ig= feann P2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [_] re,cn;
1,450 -0,564 1,000 3,300

Total design heat transmission loss @+ = ( Hrie + Hra + Hrjae + Hrjiage + Hrig) - (Qint,i - 6 ) [W]

Bint; [Cl 6.[C] Ointi- B [C T\I;I\/mK'll Design heat transmission loss ®r; [W]
0,000 -15,000 15,000 -0,959 -14,389
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature indoor
volume e.[C] temperature 6, Hyginic requirements
Vi(m®) [a
nmin(h'l) Hygienic air exchange Vmin,i(m3/h)
21,080 -15,000 0,000 0,500 10,540
Nso Number of unprotected Shading factor | correction factor of height level | Amount of air infiltrated by
[1/h] opennings e from terrain §; building envelope Vins,
4,500 1,000 0,020 1,000 3,794
Heat loss due to natural ventilation
Binti-6e max. of Viini, Vinti H, [W-K'l] Design heat loss due to ventilation ®v,i(W)
15,000 10,540 3,584 53,753
Total design heat transmission loss of the specific room = 39,363 W
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Room No.

Name of the room

Indoor temperature Ot 1°c)

S116 Storeroom 0,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hyje
structures
A U AU U f f;
No. Description kz « 5 5 kcz vk K A (UtBUg) fu e fiek
[m7] | [W/m”.K]| [W/m".K] | [W/m".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
Hrje = 2 (AK.(UitAUg).fu k. fie k) (W/K) 2,893
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
0 A U AU U f;
No.S. description “ kz k ) 2 kcz ik A UgeFixk
[C ] [m* [Iw/m’K] | W/m K] [[W/m®K] [-]
Cl.a basement ceiling 20,000| 7,940 0,414 0,414 -1,333 -4,385
Hrjia() = 2 (AU fixi) (W/K) -4,385
Fixk= f1 = (Binti = 6u)/(Binti —6e)
Specific heat transmission loss to ground Hy,
A Ag P Uk f; Kk B'
No.S. description & Ueguivk [W/m2K] | Ac-Uequivk figk -f
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k.ligk - Taw k
52 Peripheral wallintouch with | 5 20 | 5940 | 5975 | 0127 | -0253 | 2,66 0,186 0,174
ground
F Floor on the ground 7,940 | 7,940 5,975 0,309 0,253 | 2,658 0,289 0,000
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
fowk 5]
feann ['] HT,ig = feann P2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) G\[A_I] reg]\
1,450 0,000 1,000 3,800
Total design heat transmission loss ®r; = ( Hre + Hra + Hrjae + Hriage + Hrig)-(Bint,i - 6 ) [W]
2Hy;
Bint;i [Cl 6. [q Ointi- 0. [Cl [V\;IK'l] Design heat transmission loss Or; [W]
0,000 -15,000 15,000 -1,492 -22,385
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature indoor
volume 6. [q temperature ©,; Hyginic requirements
Vi(m®) [a
nmin(h'l) Hygienic air exchange Vminyi(m3/h)
23,741 -15,000 0,000 0,500 11,870
Nso Number of unprotected . correction factor of height level | Amount of air infiltrated by
. Shading factor . -
[1/h] opennings from terrain & building envelope Vi,
e
' (m/h)
4,500 1,000 0,020 1,000 4,273
Heat loss due to natural ventilation
Oint,iOe max. of Viini» Vingi H, [W-K'] |Design heat loss due to ventilation ®v,i(W)
15,000 11,870 4,036 60,539
Total design heat transmission loss of the specific room = 38,153 W
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Room No. Name of the room Indoor temperature Oy, °)
S117 Storeroom 0,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hre
structures
A U AU U f f;
No. Description kz « ; 2 kcz Uk 1ok | A (UicrAUg).fu Fiek
[m7] [[W/m”.K]| [W/m".K] | [W/m".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
Hrie = 2 (AK.(U+AUg).fy k. fie k) (W/K) 1,227
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
0 A U AU U f;
No.S. description . kz K , B kcz ik A-Upe ik
[C| M | w/m’K] | IW/m®K] |[W/m’K] [-]
Cla basement ceiling 20,000| 7,940 0,414 0,414 -1,333 -4,385
Hrjia() = 2 (A Ui fix i (W/K) -4,385
Fixk= f1= (Binti —0u)/(Binti —6e)
Specific heat transmission loss to ground Hy;,
N Ak Ag P Uk fi Kk Bl 2
No.S. description & Uequivk [W/m”.K] | Ac-Uequivk figk-F
Y [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k.ligk - TGW,k
F Floor on the ground 7,940 | 7,940 1,948 0,309 0,253 | 8,152 0,221 -0,445
2( Ax-Uequivk -figk -fow,) -0,445
fowk 5]
feann ['] HT,ig = fBann p3 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) \[A_I] reg]‘
1,450 -0,645 1,000 3,800

Total design heat transmission loss ®+; = ( Hye + Hria + Hrjae + Hriage + Hrig) (Bint,i - 6 ) [W]

2H
Ointi [C] 6. [C] Binti - 0. [C] [WUK'l] Design heat transmission loss Or; [W]
0,000 -15,000 15,000 -3,803 -57,040
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature indoor
volume 6. [C] temperature ©;,; Hyginic requirements
Vi(m?) ra
Nmin(h™) Hygienic air exchange Vminyi(m3/h)
23,741 -15,000 0,000 0,500 11,870
Nso Number of unprotected correction factor of height level | Amount of air infiltrated by
[1/h] opennings Shading factor from terrain & building envelope Vs,
& (m’/h)
4,500 1,000 0,020 1,000 4,273
Heat loss due to natural ventilation
Oint,i~Oe max. of Viin,i, Vini He [W-K™] Design heat loss due to ventilation ®v,i(W)
15,000 11,870 4,036 60,539
Total design heat transmission loss of the specific room = 3,499 W
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Room No. Name of the room Indoor temperature iy i)
S118 Storeroom 0,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy ;.
structures
A U AU U 3
No. Description kz K , 2 kcz fux fiex A (UitBUg) fu - fiek
[m?] |[W/m”K]| [W/m".K] | [W/m".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
Hrie = 2 (AK.(U+AUg).fu i Fiek) (W/K) 1,227
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or
structures
[§] A U AU U f;
No.S. description ! kz K , , kcz Ik AUieFixk
[ca | [m3 | w/mik] | [W/m’K] |[w/m?K] [-]
S3.c Internal load bearing wall 10,000 | 11,900 0,501 0,501 -0,667 -3,973
Cl.a |basement ceiling 20,000 | 7,940 0,414 0,414 | -1,333 -4,385
Hrja(.) = 2 (AU fix) (W/K) -8,358
Fix k= f1= (Binti =6u)/(Binti — 6e)
Specific heat transmission loss to ground Hy;,
L Ak Ag P Uk fi K B' 2
No.S. description & Uequivk [W/m?.K] | Ac-Uequivk figk-f
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k .ligk -'GW k
F Floor on the ground 7,940 | 7,940 1,948 0,309 -0,253 | 8,152 0,221 -0,445
2( Ak-Uequivk -figk fow k) -0,445
f 0
1:Bann ['] HT,ig= 1:Bann p3 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) Gp’jk [,egi
1,450 -0,645 1,000 3,800

Total design heat transmission loss ®r; = ( Hre + H,ia + Hr,iae + Hr,iage + Hr,ig)-(Bint,i - 6e ) [W]

2Hy;
Ointi [Cl 6.[q Ointi- 0 [C] [WmK'll Design heat transmission loss Or; [W]
0,000 -15,000 15,000 -7,775 -116,630
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature indoor
volume 6. temperature O, Hyginic requirements
V,(m®) ra
nmin(h'l) Hygienic air exchange Vminyi(ma/h)
23,741 -15,000 0,000 0,500 11,870
Nso Number of unprotected correction factor of height level | Amount of air infiltrated by
. Shading factor . -
[1/h] opennings from terrain § building envelope Vi,
e
' (m*/h)
4,500 1,000 0,020 1,000 4,273
Heat loss due to natural ventilation
Binti-6e max. of Vini, Vinti H, [W-K™"] |Design heat loss due to ventilation ®v,i(W)
15,000 11,870 4,036 60,539
Total design heat transmission loss of the specific room = -56,091 W
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Heat losses of first floor

Room No.

Name of the room

Indoor temperature Onti°)

101A

Vestibule

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hre

Total design heat transmission loss of the specific room =

261,682 W
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structures
A U AU u fi f;
No. Description K ) K ) 2 kcz vk iek Ax.(Uy+AUR).fy i fie
M [[W/m*K]| [W/m?.K] |[W/m?.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
Hrje = 2 (Ak.(U+AUR).fiy k. fiek) (W/K) 1,086
Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hrja.)
structures
] A U AU u f;
No.S. description N kz K N 2 ke ) ik Ay Uy Fixx
[c M’ | (W/m’K] | [W/m®KI|[W/m”K] []
Cl.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
Hrja() = 2 (A Ui Fix i) (W/K) 1,460
Fixk=f1= (Binti —04)/(Binti — 6e)
Specific heat transmission loss to ground Hrg
P Ax Ag P Uk fig k B' 2
No.S. description ’ Uequi W/m*.K] [Ak-Uequivk figk-f
P [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ / ] k- Yequiv,k.ligk - TGW,k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
fi f
Bann HT,ig:fSann .z (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) oWk %)
['] ['] em
1,450 0,000 1,000 3,900
Total design heat transmission loss ®r; = ( Hre + Hr;a + Hrjiae + Hriage + Hrig)-(Bint,i - 6 ) [W]
ZH;
Binyi [Cl 6.[C] Ointi- Be[Cl [Wt'll(l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 2,546 89,114
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature O, indoor Hyginic requirements
volume ra temperature i, (h'l)
N
Vi(m?) rcl mn Hygienic air exchange Vmin_i(m3/h)
29,003 -15,000 0,500
20,000 14,502
Nso Number of unprotected Shading factor | correction factor of height  |Amount of air infiltrated by
[1/h] opennings = level from terrain §; building envelope Vins,
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
-1
Ointi-6e max. of Vimini, Vin; He [W-K™] Design heat loss due to ventilation ®v,i(W)
35,000 14,502 4,931 172,568



Room No.

Name of the room

Indoor temperature ©jn )

102A Washing machine room 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hr e
structures

No. Description Akz U ) AUE; Ukcz fux fiex A (UptAUg). fu k- fiek

[m“] |[W/m°K]| [W/m*.K] |[W/m"K] [-] [-]
0,000

Hrje =2 (AK.(U+AUg).fux.fie k) (W/K) 0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(.)

Total design heat transmission loss of the specific room =

92,175 W
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structures
5] A u AU u f;
No.S. description . kz k ) 2 kcz ik ArUpeFixck
ra M7 | (W/m?K] [IW/m?KI|[W/m®.K| []
S4 internal non-load bearing wall | 24,000 | 3,190 1,379 1,379 |-0,114 -0,503
Cl.b ceiling above basement 15,000 | 1,980 0,414 0,414 | 0,143 0,117
Hrja(.) = 2 (Ax.UkFix ) (W/K) -0,386
Fixk= f1= (6 nti 8.)/(6; nti 6.)
Specific heat transmission loss to ground Hrg
L Ak Ag P Uk fig k B' 2
No.S. description ’ Uequi W/m*.K] [Ax-Uequivk figk-f
p [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ /m ] k- Yequivk.ligk-'GW,k
z( Ak-Uequiv,k -fig,k -fGW,k ) 0,000
< HTig = feann 2 (Ak~Uequiv k~fig k ~fGW k) (W/K) fGW k ee m rC]
3,900
1,000
1,450(0,000
Total design heat transmission loss @r; = ( Hrjie + Hr,ia + Hrjize + Hrjiage + Hrig) (Qint,i - 6 ) [W]
ZHy;
Oint; [C] 6.[C] Oingi - B [Cl [V\;IK'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 -0,386 -13,501
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature 6, indoor Hyginic requirements
volume [ temperature 6, 4 L 3
Vi(m3) rq Nin(h™) Hygienic air exchange Vpini(m/h)
5,920 -15,000 20,000 1,500
8,880
Nsgo Number of unprotected Shading factor | correction factor of height |Amount of air infiltrated by
[1/h] opennings € level from terrain §; building envelope Vins,
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Ointi-6e max. of Viini, Vinfi H; W-kY Design heat loss due to ventilation ®v,i(W)
35,000 8,880 3,019 105,676




Room No.

Name of the room

Indoor temperature ©jnti ')

103A Toilet 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hre
structures

No. Description Akz Y ) AUZ Ukcz fux fiex A (U+AUg) fu k. fiek

[m7]  [IW/m*.K]| [W/m*.K] [[W/m".K] [-] [-]
0,000

Hrje = 2 (AK.(U+AUg) fy k.fiex) (W/K) 0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(.)

structures
[¢] A u AU u f;
No.S. description ; kz k ) ) kcz ik A Upe.fixk
[c m* | (W/mK] [[W/m*KI{[w/m’ K] [

S4 internal non-load bearing wall | 24,000 | 1,704 1,379 1,379 [-0,114 -0,269
Hrja() = 2 (AU fixi) (W/K) -0,269
Fixk=f1= (Binti —6u)/(Binti — Be)

Specific heat transmission loss to ground Hrg
A Ag P U figk B'
No.S. description & Uequi W/m?K] | AcUequivk figk -
p [mz] [mz] [m] [W/mz.K] [_] [m] equiv.k [ / ] k- Yequiv,k.ligk -'aw,k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 01000
fGW,k ee,m FC]
foann HT,ig =fgann -2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[-]
1,450(0,000 1,000 3,900
Total design heat transmission loss GJT,i = ( HT,ie + HT,ia + HT,iae + HT,iaBE + HT,ig).(eim,i - ee ) [W]
IHy; ) -
Oiny;i [C] 6.l Ointi - B [C] W 'K'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 -0,269 -9,403
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature On; B
Vi(m?) ra Mimin(h”) Hygienic air exchange Vpini(m>/h)
10,405 -15,000 20,000 0,500 5,203
Nso Number of unprotected Shading factor | correction factor of height  [Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope V.,
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
BOinti-Oe max. of Viini, Vint;i H,[W-K] |Design heat loss due to ventilation ®v,i(W)
35,000 5,203 1,769 61,911

Total design heat transmission loss of the specific room =

52,508 W
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Room No. Name of the room Indoor temperature ©inti ')

104A Kitchen and living room 20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hre

structures
A u AU u :
No. Description kz kz Z kcz fux fiex A (U+AUg) Fiy - Fie
[mT | [W/m“K]| [W/m“K] |[W/m".K] [-] [-]
wsp |Plastic balcony door and 9,575 | 0,700 0,700 | 1,000 | 1,000 6,703
windows
S1__|peripheral wall 23,166 | 0,125 | 0,050 | 0,175 | 1,000 | 1,000 4,046
Hrje = 2 (Ak.(UHAUg) fu fiex) (W/K) 10,748

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hrja.)

structures

Ukc
0, Ax Uk AU fixk
No.S. description w/mzkl A UeFixk
e |t | i w0 e
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
Hrja) = 2 (Ak U fix ) (W/K) 0,643
Fix k= f1= (6 nti 6.)/(6; nti 6.)
Specific heat transmission loss to ground Hy;,
Ak Ag P Uk fig k B' 2
No.S. description ’ Uequi W/m*.K] | Ak-Uequivk figk -f
p [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ / ] k- Yequiv,k .ligk -Taw,k
z( Ak-Uequiv,k -fig,k -fGW,k ) 01000
fGW,k ee,m FC]
fSa\nn HT,ig = feann 2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [']
[-]
1,450 |0,000 1,000 3,900
Total design heat transmission loss @1 = ( Hrje + Hrja + Hyjae + Hrjiage + Hrig) - (Bint,i - 8¢ ) [W]
SHy;
Oint; [C] 6.[C Ointi- 0 [Cl [Wt'lK'l] Design heat transmission loss Or; [W]
20,000 -15,000 35,000 11,392 398,703
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
volume Outdoor temperature 6, temperature jn;
Vi(m?) ra rea Nin(h ™) Hygienic air exchange Vmin_i(m3/h)
i
76,036 -15,000 20,000 0,500 38,018
Nso Number of unprotected Shading factor correction factor of height |Amount of air infiltrated by
[1/h] opennings e level from terrain §; building envelope Vins,
4,500 1,000 0,020 1,000 13,686
Heat loss due to natural ventilation
Ointi-6e max. of Viin,i , Vinti H. [W-K'l] Design heat loss due to ventilation ®v,i(W)
35,000 38,018 12,926 452,412
Total design heat transmission loss of the specific room = 851,116 W
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Room No.

Name of the room

Indoor temperature ©;ni o)

105A

Bathroom

24,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hre

structures
A u AU u f fi
No. Description kz k 5 Bz kcz Uk ek A (UiHAUg) fuefie
[m?] |[W/m?K]| [W/m®K] |[W/m? 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
Hrje = 2 (AK.(U+AUR).fu k. Fiek) (W/K) 1,361
Specific
structures
5] A u AU u f;
No.S. description Y kz k ) 5 kcz ik A Ugefixk
rc [m’] | (W/m”.K] |[W/m®.K]|[W/m°.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
ceiling seperating heated
Cl.b space from heated part of 20,000 | 4,400 0,414 0,414 | 0,103 0,187
basement
Hria() = 2 (A Ui Fixi) (W/K) 3,174
Fixk=f1= (Binti — 8u)/(Binti — B¢)
Specific heat transmission loss to ground Hy;,
N Ak Ag P Uk fi Kk B‘
No.S. description & Uequivk [W/m2K] | AcUequivk figk -F
Y [mz] [mz] [m] [W/mz.K] [_] [m] equiv.k [ / ] k+Yequivk.ligk - TGwW k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
f, f Bem [C
Sa[T]n HT,ig = fSann Pl (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) GE’Y]'k em
1,450 |0,000 1,000 3,900
Total design heat transmission loss ®r,; = ( Hrie + Hrja + Hriae + Hriage + Hrig)(Oint,i - 6 ) [W]
2Hy; Design
Oinsi [C] O[] Oimi- 0 [C] [Wk'] | heat
24,000 -15,000 39,000 4,534 176,833
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
volume Outdoor temperature 6, temperature B;,; B o .
Vi(m?) rcl ra Nein(h™) Hygienic air exchange Vyini(m>/h)
13,126 -15,000 24,000 0,500
6,563
Nso Number of unprotected Shading factor correction factor of height level |Amount of air infiltrated by
[1/h] opennings = from terrain § building envelope Vi,
(m*/h)
4,500 1,000 0,020 1,000 2,363
Heat loss due to natural ventilation
Ointi-Oe max. of Vinini, Vingi H, [W-K'] |Design heat loss due to ventilation ®v,i(W)
39,000 6,563 2,231 87,026
Total design heat transmission loss of the specific room = 236,800 W
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Room No. Name of the room Indoor temperature Oy, [+
106A Bedroom 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy;e
structures

No. Description Akz U ) AUE Ukcz fus fiex A (U +AUg).fu k. fiek

[m7 | [W/m"K]| [W/m°.K] |[W/m".K] [-] [-]
wsp |UiPleglazing plastic windows | ¢ o0, | g 500 0,700 | 1,000 |1,000 4,656
and balcony door
S1 peripheral wall 26,118 | 0,125 0,050 0,175 1,000 | 1,000 4,561

Hrie = 2 (AK.(Ui+AUBR).fy k. fiex) (W/K) 9,218

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hra(.)

Total design heat transmission loss of the specific room =

669,888 W
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structures
[S] A U AU U 2
No.S. description ! kz k , ) kcz fin AU Fixk
ral [m7 | [W/mK] |[[W/m"K]|[W/m"K]| []
Hria( = Z (AU fix ) (W/K) 0,000
Fixk= f1= (Binti = 6u)/(Bint,i — Be)
Specific heat transmission loss to ground Hy e
. Ak Ag P Uk fi Kk B' 2
No.S. description & Uequivk [W/m*.K] [ Ac-Uequiv figk -f
p [mz] [mz] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k .Tigk -TGw k
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 01000
fGW,k ee,m
feann HT,ig = feann P2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [‘] FC]
[-]
1,450 |0,000 1,000 3,900
Total design heat transmission loss ®; = ( Hy e + Hrja + Hyjae + Hrjage + Hrjig)-(Bint,i - 6 ) [W]
Hy;
Ointi [C] 6.[C] Ointi- 6. [C] [ H 1 Design heat transmission loss ®r; [W]
W-K
20,000 -15,000 35,000 9,218 322,617
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
Outdoor temperature 6,
volume temperature Bjny; 4 o 3
Vi(m3) rc ra Nmin(h™) Hygienic air exchange Vpini(m/h)
58,365 -15,000 20,000 0,500
29,182
Nso Number of unprotected Shading factor correction factor of height level |Amount of air infiltrated by
[1/h] opennings [ from terrain & building envelope Vi,
4,500 1,000 0,020 1,000 10,506
Heat loss due to natural ventilation
Ointi-Oe max. of Vi, Vingi H: [W-K'l] Design heat loss due to ventilation Qv,i(W)
35,000 29,182 9,922 347,271



Room No.

Name of the room

Indoor temperature ©jny;i ')

107A

Bedroom

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hr e

structures
No. Description Akz Y N AU[; Ukcz fux fiex Ak.(UtAUg) fuk.fie
[m] | [W/m"K]| [W/m".K] [[W/m".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
Hrje = 2 (AK.(UitAUg).fy i Fie ) (W/K) 3,090

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja.)

structures
0 A u AU u f;
No.S. description u kz k ) 5 kcz ik A Uge fixk
ra m*] | (W/m’K] |[IW/m*K]|[w/m’K|[ [
S3.a internal load bearing wall 10,000 | 4,336 0,501 0,501 | 0,286 0,620
Cl.a ceiling above basement 0,000 8,875 0,414 0,050 0,464 [ 0,571 2,354
Hria() = 2 (Ax-Uifici) (W/K) 2,974
Fixk= f1= (6 nti 6.)/(6; nti 6.)
Specific heat transmission loss to ground Hy ;g
. A Ag P U figk B'
No.S. description & Uequi W/m2K] | AcUequivi figk -
P [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ / ] k- Yequiv,k.ligk -TGw k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
fGW,k es:,m rC]
feann HT,ig: feann Pl (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [']
[-]
1,450 (0,000 1,000 3,900

Total design heat transmission loss ®r; = ( Hye + Hrja + Hriae + Hrjiage + Hrjig)-

(Bint,i - B ) [W]

2Hy;
Ointi [C] 6.[C] Oingi- B [Cl [WmK'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 6,065 212,265

Design heat loss due to ventilation - natur

al ventilation

room indoor Hyginic requirements
volume Outdoor temperature 6, temperature 8, . o s
Vi(m?) ra rcl Npin(h™) Hygienic air exchange Vin;(m“/h)
53,073 -15,000 20,000 0,500
26,536
Nso Number of unprotected Shading factor | correction factor of height [Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope Vi,
4,500 1,000 0,020 1,000 9,553
Heat loss due to natural ventilation
Ointi-6e max. of Vmini, Vinti H: [W~K'1] Design heat loss due to ventilation ®v,i(W)
35,000 26,536 9,022 315,781

Total design heat transmission loss of the specific room =

528,046

W
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Room No. Name of the room Indoor temperature ©jn,i°c
108 Staircase 10,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy ;.
structures
No. Description Akz U ) AUZ Ukcz fuk fiex Ay (U+AUB). fy k. fiex
[m7] [IW/m°K]| [W/mK] |[W/m°K]| [ [-]

Hrjie =2 (Ak.(UitAUg). fy . fie k) (W/K)

0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hrja.)

. 6, A Uk AU Uke
No.S. description ) ) ) 5 |fixk A Ure-Fixk
rq [m?] [W/m*.K] | [W/m”.K]|[[W/m“.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
Del entrance door 0,000 4,700 0,700 0,700 | 0,400 1,316
Hrja) = 2 (A Ui-fix) (W/K) -9,982
Fix = f1= (Binti = B8u)/(Binti —Be)
Specific heat transmission loss to ground Hy ;g
- A¢ Ag P Uk fi k B'
No.S. description & Uequivk [W/m2.K] [ AxUequivk Figk -f
P [mz] [mz] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequivk .ligk -1GwW k
Z( Ak-Uequiv,k -fig,k -fGW,k ) 01000
fGW,k ee,m
feann HT,ig = feann 2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [‘] FC]
[-]
1,450 0,000 1,000 3,900
Total design heat transmission loss ®r; = ( Hyje + Hria + Hrice + Hrjage + Hig)- (it - 0 ) [W]
IHy; Design heat transmission loss Or; [W]
Binti [C] 8.[c] Bini- B[ C] [W-K™]
10,000 -15,000 25,000 -9,982 -249,549

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature Bins; 1
Vi(m®) rcl rinl) Hygienic air exchange Vpini(m>/h)
60,129 -15,000 10,000 0,500 30,064
Nso Number of unprotected Shading factor correction factor of height level |Amount of air infiltrated by
[1/h] opennings e from terrain §; building envelope Vi,
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Vi, Vingi H; [W- K'l] Design heat loss due to ventilation Qv,i(W)
25,000 30,064 10,222 255,548

Total design heat transmission loss of the specific room =

5,999 W
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Room No.

Name of the room

Indoor temperature ©jn,i°c;

109,000 Entrance vestibule 0,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hre
structures
No. Description Akz U 5 AU[; Ukcz fuk fiex A (Uit AUp). iy Fiek
[m7 | [W/m".K]| [W/m"K] [[W/m".K]| [] [-]
S1 Peripheral load bearing wall 9,302 0,125 0,050 0,175 1,000 |1,000 0,022
Del entrance door 5,600 0,700 0,700 1,000 |1,000 0,490
Hrje = 2 (AK.(UitAUg).fy k. Fie ) (W/K) 0,512

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy;a(.)

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature 6;,; 4
Vi(m®) [cl () Hygienic air exchange Vmin_i(ma/h)
20,840 -15,000 0,000 0,500 10,420
Nso Number of unprotected Shading factor correction factor of height level |[Amount of air infiltrated by
[1/h] opennings € from terrain §; building envelope Vi,
(m*/h)
4,500 1,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Oint,i-6e max. of Viini, Vingi H,[W-K'] |Design heat loss due to ventilation ®v,i(W)
15,000 10,420 3,543 53,143

Total design heat transmission loss of the specific room =

-174,600 W
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structures
5] A u AU u f;
No.S. description ) kz k ) 5 kcz ik AU Fixk
ra [m] | (W/m”K] |[W/m".Kl|[W/m“K]| []
Cl.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
Hrja() = 2 (Ak-UkFix) (W/K) -9,045
Fixk=f1= (Binti = 6u)/(Binti —Be)
Specific heat transmission loss to ground Hr;g
o A A P Uk fox | B R
No.S. d t & Uequivk [W/m*.K] | Ac.Uequivk Figk -f
[o] escription [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ /m ] k- Yequiv,k .Tigk -Taw,k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
fGW,k es:,m
feann HT,ig = feann .z (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) ['] FC]
[-]
1,450 0,000 1,000 3,900
Total design heat transmission loss ®r; = ( Hyje + Hyjia + Hrjae * Hrjiage + Hrig) - (Bint,i - 6 ) [W]
THy; Design heat transmission loss ®r; [W]
Binti [C] 6.l Binti- B[ C] [W-K"]
0,000 -15,000 15,000 -8,533 -127,997




Room No. |Name of the room Indoor temperature ©j,; ()
101B Vestibule 20,000 °C
Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hr e

structures
No. Description Ax ) U ) AUZ Ukcz fur fiex Ax.(Ui+AUB).fu k. fiek
[m*] [[W/m“.K]| [W/m*K] |[W/m”.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
Hrje =2 (AK.(U+AUg).fux.fie k) (W/K) 1,086

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hya(.)

Total design heat transmission loss of the specific room =

337,859 W
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structures
[¢] A u AU u f;
No.S. description y kz K ) 2 kcz ok ArUpeFixc
[c M7 | (W/m?K] [IW/m*KI{[W/m> K| []
Cla 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
Hrja(.) = 2 (Ax.Ukix ) (W/K) 3,637
Fixk= fi= (6 nti 8.)/(6; nti 6.)
Specific heat transmission loss to ground Hrg
. Ax Ag P Uk fig k B' 2
No.S. description ’ Uequi W/m*.K] |Ak-Uequivk figk-f
P [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ / ] k- Yequiv,k .ligk - TGW k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
fi f
Bann HT,ig: feann .z (Ak-Uequiv,k-fig,k -fGW,k) (W/K) awk %)
['] ['] e,m
1,450 0,000 1,000 3,900
Total design heat transmission loss ®r; = ( Hrje + Hrja + Hrjae + Hrjage + Hrjig) - (Bin,i - 6 ) [W]
ZH;
Oint; [C] 6.['C] Ointi - B [Cl [V\;IK'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 4,723 165,291
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature 6, indoor Hyginic requirements
volume [c temperature Oiny,; )
3 C Nmi
Vi(m?) rc m Hygienic air exchange Vmin_i(m3/h)
29,003 -15,000 20,000 0,500 14,502
Nso Number of unprotected Shading factor | correction factor of height  [Amount of air infiltrated by
[1/h] opennings € level from terrain §; building envelope Vi,
4,500 0,000
1,000
0,000 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Viini, Vinfi H; [W~K'1] Design heat loss due to ventilation ®v,i(W)
35,000 14,502 4,931 172,568




Room No.

Name of the room

Indoor temperature 6y,

102B Washing machine room 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hye
structures

No. Description Akz Y ) AUZ Ukcz fus fiex A (U+AUR).fy k- Fiek

[m7] |[W/m”.K]| [W/m".K] |[W/m".K] [-] [-]
0,000

Hrje = 3 (Ak.(Uy+AUg) fu . fie i) (W/K) 0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja)

structures
5] A u AU u f;
No.S. description . kz k N 2 kcz ik Ay Uge.Fixx
ra M’ | (W/m’K] |[W/m®KI|[W/m’.K| [-]
S4 internal non-load bearing wall | 24,000 | 3,187 1,379 1,379 |-0,114 -0,502
Cl.a ceiling above basement 0,000 1,980 0,414 0,050 0,464 | 0,571 0,525
Hrja(.) = 2 (A Ui Fix ) (W/K) 0,023
Fixk= f1= (6 nti ~ 6.)/(8; nti ~ 6.)
Specific heat transmission loss to ground Hrg
- Ak Ag P Uk fig k B' 2
No.S. description ’ Uequi W/m*.K] [Ak-Uequivk figk-f
P [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ / ] k-Yequiv,k.ligk - TGW,k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
fGW,k ee,m
feann HT,ig:fSann Pl (Ak-Uequiv,k-fig,k -fGW,k) (W/K) ['] [
[] °c]
1,450(0,000 1,000 3,900
Total design heat transmission loss @r; = ( Hrje + Hr,a + Hrjae + Hriae + Hrig) - (Bint,i - 6 ) [W]
SHy;
Binyi [Cl 6.[C] Ointi- B[ Cl [M;IK'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 0,023 0,797
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature 6, indoor Hyginic requirements
volume [c temperature Ojny,;
3 ra nmin(h'l) Hygienic air exchange Vpin i(m3/h)
Vi(m?) ,
5,920 -15,000 20,000 1,500 8,880
Nso Number of unprotected Shading factor | correction factor of height |Amount of air infiltrated by
[1/h] opennings € level from terrain §; building envelope Vs,
4,500 0,000
1,000
0,020 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Viini, Vingi H,[W-K!] |Design heatloss due to ventilation ®v,i(W)
35,000 8,880 3,019 105,676

Total design heat transmission loss of the specific room =

106,473 W
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Room No.

Name of the room

Indoor temperature ©jy,i[)

103B

Toilet

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy;.

structures
A U AU U A
No. Description ¥ X ° < fu fe Ak (UtAUg).fy i Fie
[m?] | IW/m®.K]| [W/m*.K] |[W/m?®K] [-] [-]
0,000
Hrje = Z (Ak.(UtAUg).fu . fiex) (W/K) 0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(.)

structures
[¢] A u AU u f;
No.S. description . kz K ) 5 kcz ok AUy Fixx
[cl M1 | (W/m?K] [IW/m* K] [[w/m?’ K| [
S4 internal non-load bearing wall | 24,000 | 1,704 1,379 1,379 |-0,114 -0,269
Cl.a ceiling above basement 0,000 3,480 0,414 0,050 0,464 |0,571 0,923
Hrjia() = 2 (Ak-UeFixid) (W/K) 0,654
Fixk=f1= (Binti —6u)/(Binti —Be)
Specific heat transmission loss to ground Hyjg
- Ak Ag P Uk fig k B' 2
No.S. description ’ Uequi W/m*~.K] |Ax-Uequivk figk -f
P [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ / ] k- Yequiv,k .ligk - TGW k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
fGW,k eE_-,m rC]
foann HT,ig: foann .2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[-]
1,450(0,000 1,000 3,900
Total design heat transmission loss ®r; = ( Hre + Hrja + Hrjae + Hriage + Hrjig)-(Bint,i - 6 ) [W]
ZHy;
Oint, [C] 6.[C) Ointi- B [Cl [Wt';(l] Design heat transmission loss Or; [W]
20,000 -15,000 35,000 0,654 22,905
Design heat loss due to ventilation - natural ventilation
room Outdoor temperature 6, indoor Hyginic requirements
volume [cl temperature Ojnt; (h'l)
-
Vi(ms) [c mn Hygienic air exchange Vg, n_i(m3/h)
10,405 -15,000 20,000 0,500 5,203
Nso Number of unprotected Shading factor correction factor of height  |Amount of air infiltrated by
[1/h] opennings € level from terrain §; building envelope Vi,
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Viini, Vingi H, [W-K] |Design heat loss due to ventilation ®v,i(W)
35,000 5,203 1,769 61,911

Total design heat transmission loss of the specific room =

84,816 W
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Room No.

Name of the room

Indoor temperature ©jn;i ')

1048

Kitchen and living room

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hre

structures
A U AU U :
No. Description kz kz 2 kcz fux fiex A (U+AUg).fy i Fiek
[m* | IW/m?.K]| [W/m?K] |[W/m?K] [-] [-]
wsp |Plasticbalcony door and 9,575 | 0,700 0,700 | 1,000 |1,000 6,703
windows
S1 |peripheral wall 23,166 | 0,125 | 0050 | 0,175 | 1,000 | 1,000 4,046
Hrje = 2 (Ak.(UgAUg).fu fier) (W/K) 10,748

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(

structures
5] A u AU u f;
No.S. description , kz k 5 ) kcz ik AUieFik
rc [m?] | (W/m?K] | IW/m?K]|[W/m® 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
Hrjia(y = 2 (AU fixid (W/K) 6,383
Fixk=f1= (Binti —6u)/(Binti —6e)
Specific heat transmission loss to ground Hr

o Ay Ag P Uy figk B' 2
No.S. d t ’ Uequi W/m*.K] |Ak-Uequivk figk-fi
¢} escription [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ /m ] k+-Yequiv,k .ligk -1GW,k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
fGW,k es:,m FC]
feann HT,ig = feann Pl (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [']
[-]

1,450 (0,000 1,000 3,900

Total design heat transmission loss @r; = ( Hyje + Hrja + Hrjae + Hriage + Hrjig)-(Bint,i - 6. ) [W]
SHy;
Binti [ C] 6.l Binti- B[ Cl [Wt'lK'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 17,131 599,584

Design heat loss due to ventilation - natur

al ventilation

TOOTTT

volume Outdoor temperature 6, indoor Hyginic requirements
NEN [a temperature ©n; | nyin(h™) Hygienic air exchange Vin:(m>/h)
76,036 -15,000 20,000 0,500 38,018
Nso Number of unprotected Shading factor | correction factor of height |Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope Vi
4,500 1,000 0,020 1,000 13,686
Heat loss due to natural ventilation
Ointi-Oe max. of Viini, Vinti H, [W-K] |Design heat loss due to ventilation ®v,i(W)
35,000 38,018 12,926 452,412
Total design heat transmission loss of the specific room = 1051,996 W
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Room No. Name of the room Indoor temperature Oy, 1«
105B Bathroom 24,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hye
structures
No. Description Akz U , Aui Ukcz fux fiex Ar-(UictAUg) fu k- Fiek
[mT  |[[W/m"K]| [W/m°.K] |[W/m".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
Hrje =2 (Ak.(UtAUg) fupfier) (W/K) 1,361

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(

structures
8 A u AU u £
No.S. description Y kz K , , kcz ixk AU fixk
ra M | [(W/m°K] |[W/m®K]|[W/m“K]| [-]
Cl.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
Hrja() = 2 (A Ui fixi) (W/K) 4,108
Fix=f1= (Binti = Bu)/(Bint, —6e)
Specific heat transmission loss to ground Hyg
- Ak Ag P Uk fi Kk BI
No.S. description & Uequivik [W/m2.K] | AcUequivk figk-f
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequivk .ligk - TGW, k|
2( A Uequivik -figk fow k) 0,000
fGW,k ee,m FC]
foann HT,ig =foann -2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[
1,450 |0,000 1,000 | 3,900
Total design heat transmission loss ®r; = ( Hrjie + Hria + Hriae + Hrjiage + Hiig)(Bint,i - 0 ) [W]
SHy; Design heat transmission loss ®@y; [W]
Biny; ['C] B.[C] Binti - 0 [ C] v "
(WK™
24,000 -15,000 39,000 5,469 213,281
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
volume Outdoor temperature 6, temperature ), R o ,
V.(mg) ra rql Nmin(h™) Hygienic air exchange Vpini(m’/h)
I
13,156 -15,000 24,000 0,500
6,578
Nso Number of unprotected Shading factor correction factor of height level [Amount of air infiltrated by
[1/h] opennings = from terrain §; building envelope Vi,
(m?/h)
4,500 1,000 0,020 1,000 2,368
Heat loss due to natural ventilation
Ointi-6e max. of Viini, Ving,i H: [W-K'l] Design heat loss due to ventilation ®v,i(W)
39,000 6,578 2,237 87,224

Total design heat transmission loss of the specific room =

436,900 W
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Room No. Name of the room Indoor temperature ©;nti ')
106B Bedroom 20,000 °C
Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hre

structures
A U AU U .
No. Description kz k , Z kcz fuk fiex A (U+AU) Fiy - Fie
[m7] | [W/m”K]| [W/m"K] |[W/m".K] [-] [-]
wsp |tiPleglazing plastic windows | o oo | 550 0,700 | 1,000 | 1,000 4,656
and balcony door
ST |peripheral wall 26,118 | 0,125 | 0,050 | 0,175 | 1,000 | 1,000 4,561
Hrje = Z (Ak.(U+AUg).fy i fiex) (W/K) 9,218

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hya.)
structures

Ukc
6, Ay Uy AU ik
No.S. description W/m?2.K d AUk Fink
ta | ma | et | wymzia MY ™ e
Cl.a Ceiling above basement 0,000 | 19,520 0,414 0,050 0,464 | 0,571 5,178
Hrja() = 2 (AkUfix ) (W/K) 5178
Fix=f1= (Binti —6u)/(Binti — Be)
Specific heat transmission loss to ground Hrg
Ay Ag P Uy figk B'
No.S. description & Uequi W/m? K] | AcUequivk figk -
p [mz] [mz] [m] [W/mz.K] [_] [m] equiv.k [ / ] k- Yequiv,k .ligk -'aw k
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 01000
fGW,k ee,m
fSa\nn HT,ig = feann 2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) ['] FC]
[-]
1,450 |0,000 1,000 3,900
Total design heat transmission loss ®r; = ( Hr,e + Hrja + Hrine + Hrjape + Hrig) (it - 6 ) [W]
SHy;
Oiny;i [C] 6.l Ointi- 0. [Cl [Wt'll(l] Design heat transmission loss Or; [W]
20,000 -15,000 35,000 14,395 503,836
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
Outdoor temperature 6,
volume temperature By 1 o 3
Vi(m?) ra rql Nmin(h™) Hygienic air exchange Vpini(m>/h)
58,365 -15,000 20,000 0,500 29,182
Nso Number of unprotected Shading factor | correction factor of height  [Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope Vi,
4,500 1,000 0,020 1,000 10,506
Heat loss due to natural ventilation
Oint,i-6e max. of Viin,i , Vit H; [W-K] |Design heat loss due to ventilation ®v,i(W)
35,000 29,182 9,922 347,271
Total design heat transmission loss of the specific room = 851,106 W
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Room No.

Name of the room

Indoor temperature Ojn,i[ )

107B Bedroom 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hyje
structures
No. Description Akz Vs ) AUBZ Ukcz fux fiok A (UictBUg).fu . fiek
[m7]  [IW/m”.K]| [W/m”.K] |[W/m".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
Hrje =2 (AK.(Ug+AUB).fu k. fie k) (W/K) 3,090

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(

Total design heat transmission loss of the specific room =

610,439 W
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structures
5] A u AU u f;
No.S. description ! kz k ) ) kcz ik Ax.Uge.fixk
[c m’] | (W/m”K] |IW/m*.Kl|[W/m° K|  []
S3.a internal load bearing wall 10,000 | 4,336 0,501 0,501 | 0,286 0,620
Cl.a ceiling above basement 0,000 | 17,750 0,414 0,050 0,464 | 0,571 4,708
Hria(.) = 2 (A Ui fixi) (W/K) 5,328
Fixk= fi= (eint,i - eu)/(eint,i -8
Specific heat transmission loss to ground Hy,
o A Ag P Uy figk B' 2
No.S. description ’ i . A Uequivk figk -f
P [mz] [mz] [m] [W/mz.K] [] [m] Uequw.k [W/m*.K] k-Yequivk Tigk -Taw k
z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0,000
fGW,k ee,m FC]
fSann HT,ig = feann Pl (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [']
[-]
1,450 |0,000 1,000 3,900
Total design heat transmission loss ®r; = ( Hyje + Hyia + Hyjae + Hriage + Hrig) -(Qinti - 6 ) [W]
SHy;
Bini [Cl 6.[C] O - 6. [C] [WUK'I] Design heat transmission loss Or; [W]
20,000 -15,000 35,000 8,419 294,658
Design heat loss due to ventilation - natural ventilation
room ind Hygini i t
Outdoor temperature 6, indoor yginic requirements
volume temperature Bj,; 1 L 3
Vi (m?) rcl £l Nmin(h™) Hygienic air exchange Vpini(m>/h)
53,073 -15,000 20,000 0,500 26,536
Nso Number of unprotected Shading factor | correction factor of height  |Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope Vi,
4,500 1,000 0,020 1,000 9,553
Heat loss due to natural ventilation
Ointi-Oe max. of Viini, Vinti H: [W~K'1] Design heat loss due to ventilation Qv,i(W)
35,000 26,536 9,022 315,781




Heat losses of second floor

Room No.

Name of the room

Indoor temperature ;i)

201A

Vestibule

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy;.

structures
No. Description Akz Uk ) AUBZ Ukcz fux fiex A (U+AUg) fy . Fiek
[m? | [W/m2K ]| [W/m?K|[W/m?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
Hrie = 2 (Ak.(UtAUg).fy k. fie k) (W/K) 1,086

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

structures o
o 6y A¢ Uk AU ke fixk

No.S. description e | i | wmik | w/mia [\;\l/:’n [ A Uke fixk
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
Hriar) = 2 (A Uk fixi) (W/K) 1,064
Fix,k= f1= (6 nti — eu)/(eint,i —6,)
Specific heat transmission loss to ground Hye

No.S. description Akz Ae P Ve figk o Uequivk [W/m?.K] | AcUequivk Figk-F

[m ] [mz] [m] [W/mZ.K] g, g [m] equiv.k k- Yequiv,k .ligk - 'GW,ki
2( A Uequivi Ffigk -fowk) 0,000
feann HT,ig = feann 2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) fGW,k
['] ['] ee,m
1,450 0,000 1,000 |3,900

Total design heat transmission loss @+, = ( Hrie + Hra + Hrjae + Hriage +

Hr,ig)-(Bint,i - B¢ ) [W]

SHy;
Ointi [ C] 6.0 Ointi - 0 [C] [thll('l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 2,150 75,239

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature B8, indoor Hyginic requirements
volume raq temperature 4 o 3
Vi(m3) O [C] Nein(h™) Hygienic air exchange Vi, i(m”/h)
29,003 -15,000 20,000 0,500 14,502
Nso Number of unprotected Shading factor correction factor of height | Amount of air infiltrated by
[1/h] opennings e level from terrain §; building envelope Vins,
(m*/h)
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Oint,i-Ge max. of Vimin,i, Vinti H; [W-K'l] Design heat loss due to ventilation ®v,i(W)
35,000 14,502 4,931 172,568

Total design heat transmission loss of the specific room =

247,807 W
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Room No. Name of the room Indoor temperature Oingi p°)
202A Washing machine room 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy,e
structures
U AU
No Description A [W/,kn2 K [W/mB2 K Uie Fux fiex Ar.(U+AUR).fu - fie k
. . . g duk-lie,
[m?] ] ] w/m?Kl| [ [-]
0,000

Hrje = 2 (Ak.(U+AUB).fu k. fiek) (W/K) 0,000

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

structures
0 A U AU U f;
No.S. description . kz X , ) kcz ik AUre-Fixk
[Cl| [m’] |[[W/m’.K|[W/m*.K]|[W/m*K [-]
S4 internal non-load bearing wall {24,000 3,190 1,379 1,379 | -0,114 -0,503
Hrjia() = 2 (AU fixid (W/K) -0,503
Fixk= fi= (eint,i - eu)/(eint,i -0.)
Specific heat transmission loss to ground Hy g
A A P Uk fiok B'
No.S. description & Uequivk [W/m2K] | AcUequivk figk -f
P [mz] [mz] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k.ligk -'GW,k
z( Ak-Uequiv,k -fig,k -fGW,k ) 0,000
fGW,k ee,m
fSann HT,ig= fSann .z (Ak-Uequiv,k-fig,k -fGW,k) (W/K) ['] rc]
[-]
1,000 3,900
1,450|0,000
Total design heat transmission loss ®y; = ( Hyje + Hyja + Hyjae + Hrjage + Hrig)-(Qint,i - 0 ) [W]
THy;
Binti [ Cl 6.[C] Bint;i - B [C] [V\;IK’l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 -0,503 -17,601

Design heat loss due to ventilation - natural ventilation

room [Outdoor temperature 6, indoor
volume ra temperature  |Hyginic requirements
Vi(m®) Oint; [C] Nmin(h™) Hygienic air exchange Vpin, (m*/h)
5,920 -15,000 20,000 1,500
8,880
Nso Number of unprotected Shading correction factor of height | Amount of air infiltrated by
[1/h] opennings factor [ level from terrain & building envelope Vi,
4,500 0,000
1,000
0,020 0,000
Heat loss due to natural ventilation
Ointi-6e max. of Viin,i , Vinti Hy [W-K’l] Design heat loss due to ventilation Qv,i(W)
35,000 8,880 3,019 105,676

Total design heat transmission loss of the specific room =

88,075 W
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Room No.

Name of the room

Indoor temperature 6y,

203A

Toilet

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
U AU
No Description A [W/rkn2 K [W/r:2 K Yre fux fiek A.(UitAUR). fufiek
. . . . 8)-fuk-fie,
(m?] ] ] [W/m? K] SIS -
0,000
Hrie = 2 (Ak.(U+AUg). fiyy fiex) (W/K) 0,000

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

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature 6, indoor Hyginic requirements
volume rel temperature 4
Vi(m) Ointi [C] Pmin(h") Hygienic air exchange Vmin_i(m3/h)
10,405 -15,000 20,000 0,500 5,203
Nso Number of unprotected Shading factor correction factor of height Amount of air infiltrated by
[1/h] opennings g level from terrain §; building envelope V;.¢, (m>/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
6inti-6e max. of Vin , Vini He (WK Design heat loss due to ventilation Qv,i(W)
35,000 5,203 1,769 61,911

Total design heat transmission loss of the specific room =

52,508 W
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structures
U U
No.S description 8 A [W/k 2 K AU [W/kcz K fin AUy i
-S. m-. m”. k-Uke-Tix k
(al [m ] [W/m? K] ] [ o
S4 internal non-load bearing wall|24,000| 1,704 1,379 1,379 -0,114 -0,269
Hrja(.) = 2 (Ax.UkFix i) (W/K) -0,269
Fixk= 1= (Binti = 8u)/(Binti — Be)
Specific heat transmission loss to ground Hrg
.. Ak Ag P Uk fi Kk B'
No.S. description & Usouivk [W/m2K] | Ac-Uequivk figk -
p [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ /m ] k- Yequivk.ligk - TGw k
z( Ak-Uequiv,k -fig,k -fGW,k ) 0,000
fGW,k eE_-,m
feann HT,ig:fSann Pl (Ak-Uequiv,k-fig,k -fGW,k) (W/K) ['] rC]
[-]
1,450|0,000 1,000 3,900
Total design heat transmission loss ®r; = ( Hrje + Hria + Hrjiae + Hriage + Hrig) -(Qint,i - 6 ) [W]
2Hy;
Oint; [C] 6. [C] Ointi- 0 [Cl [Wt';(l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 -0,269 -9,403



Room No.

Name of the room

Indoor temperature ;s ¢}

204A

Kitchen and living room

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy,

structures
A u AU u ¢ £
No. Description kz kz i kcz Uk ek | A (UirAUg) fy i Fiek
[m7] [ W/m"K] [ [W/m".K] | [W/m~K]|  [] [-]
Plastic balcony d d
w4p | acticbalcony dooran 9,575 | 0,700 0,700 | 1,000 | 1,000 6,703
windows
S1_ |peripheral wall 23,166] 0,125 | 0,050 | 0,175 | 1,000 | 1,000 4,046
Hrje = 2 (AK.(Ug+AUg). furfier) (W/K) 10,748

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(.)

Total design heat transmission loss of the specific room =

822,388 W
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structures
Ukc
8, Ay Uk AU fik
No.S. description W/m2.K ’ A Uge-Fixk
Q] | fwmti [l el
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
Hria) =2 (Ak-Uefixi) (W/K) -0,177
Fix,k: fl = (eint,i - eu)/(eint,i _ee)
Specific heat transmission loss to ground Hy
Ac A P Uy fiok B'
No.S. description & Uequivk [W/m2.K] | AcUequivk figk -
[m2] [m2] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequivk .ligk ' GW,k|
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0;000
fGW,k ee,m FC]
foann HT,ig =foann .2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[-]
1,450 (0,000 1,000 | 3,900
Total design heat transmission loss ®r; = ( Hrje + Hrja + Hriae + Hrjage + Hrig).(Bint,i - 6 ) [W]
2Hy;
Binti [Cl 6.[C] Ointi- 0 [Cl [WUK'l] Design heat transmission loss ®; [W]
20,000 -15,000 35,000 10,571 369,975
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
volume Outdoor temperature 6, temperature 6,
Vi(m3) ra [C Nmin(h™) Hygienic air exchange Vmin,i(m3/h)
76,036 -15,000 20,000 0,500 38,018
Nso Number of unprotected Shading factor correction factor of height Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope Vi, (ma/h)
4,500 1,000 0,020 1,000 13,686
Heat loss due to natural ventilation
Binti-6e max. of Viini» Vingi H, [W-K] |Design heat loss due to ventilation Qv,i(W)
35,000 38,018 12,926 452,412



Room No.

Name of the room

Indoor temperature ©jni i°c)

205A

Bathroom

24,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
A U AU U f f;
No. Description kz K ; 2 kcz Uk ek A (UtAUR) Fupfiek
[m7] | [W/m".K] | [W/m".K] | [W/m".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
Hrje = 2 (AK.(U+AUg).fu k. fie k) (W/K) 1,361

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja.)

structures
No.S. description 8 A U au Ye Fin AU iy
[Cl| [m?] | [W/m?K] |IW/m>.K] | [W/m2.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(..) =3 (Ak~Uk~fix,k) (W/K) 2,987
Fixk=f1= (Binti = 6u)/(Binti —Be)
Specific heat transmission loss to ground Hy g
No.S. description [::2] [:132] [:1] [W;Jnqu.K] f'F_"]‘ B'  [M]| Uequivk [W/m2K] | A-Uequivk figk -fow
Z( Ak-Uequiv,k -fig,k -fGW,k ) 0’000
fGW,k ee,m FC]
fBann HT,ig= feann P2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [']
[-]
1,450 |0,000 1,000 | 3,900

Total design heat transmission loss ®r; = ( Hre + Hria + Hjiae + Hriage + Hrig). (Bint,i - 6 ) [W]

THy; Design heat transmission loss Or; [W]
1
eint,i rC] ee FC] eint,i - ee FC] [W'K ]
24,000 -15,000 39,000 4,347 169,543

Design heat loss due to ventilation - natural ventilation

room indoor Hyginic requirements
Outdoor temperature 6,
volume temperature ;s 4 o 3
vi(m?) rc [q Nmin(h™) Hygienic air exchange Vpini(m“/h)
i
13,126 -15,000 24,000 0,500
6,563
Nso Number of unprotected Shading factor correction factor of height level | Amount of air infiltrated by
[1/h] opennings e from terrain §; building envelope Vi, (m?/h)
4,500 1,000 0,020 1,000 2,363
Heat loss due to natural ventilation
Ointi-Be max. of Viini, Vingi H,[W-K'] |Design heat loss due to ventilation ®v,i(W)
39,000 6,563 2,231 87,026

Total design heat transmission loss of the specific room =

240,900 W
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Room No.

Name of the room

Indoor temperature O,

206A

Bedroom

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy;e

structures
A U AU u f f,
No. Description kz k 5 Bz kcz vk iek Ay (U+AUg).fy i Fiex
[m7] [ [W/m*.K] | [W/m”.K] | [W/m®.K] [l [
wp |(ripleslazing plastic windows | o o) | () 55 0,700 | 1,000 | 1,000 4,656
and balcony door
S1  |peripheral wall 26,118 0,125 | 0,050 | 0,175 | 1,000 1,000 4,561
Hrje = 2 (AK.(UiAU).fupfiex) (W/K) 9,218

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hys( )

structures
[§] A U AU U X
No.S. description Y kz k 5 5 kcz fixk A-Upe ik
(| [m7 |[(w/mK] [[W/m"K]|[W/m*.K] [
Hrja() = 2 (Ak-U.fix i) (W/K) 0,000
Fixg= f1= (8inti = 6u)/(Bint,i — Be)
Specific heat transmission loss to ground Hy g
- Ax Ag P Uk figk
No.S. d t & B' ; 2 K] | AcUequivk Figk -
o escription [mZ] [mZ] [m] [W/mZK] [»] [m] Uequ\v.k [W/m K] k-Yequiv,k .ligk -Taw k
z( Ak-Uequiv,k -fig,k -fGW,k ) 0;000
fGW,k ee,m
fearm HT,Wg= feann 2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [’] FC]
[
1,450 0,000 1,000 | 3,900

Total design heat transmission loss @ = ( Hrje + Hrjia + Hrjiae + Hriage + Hrig) -(Bint,i - 6. ) [W]

Hy;
Ointi [C] 6.[C] Binti- 0. [Cl [Wtyl‘('l] Design heat transmission loss Or; [W]
20,000 -15,000 35,000 9,218 322,617

Design heat loss due to ventilation - natural ventilation

room indoor Hyginic requirements
Outdoor temperature 6,
volume temperature 6;n; 1 oL 3
vi(m?) ra rq Nmin(h™) Hygienic air exchange Vpini(m>/h)
i
58,365 -15,000 20,000 0,500
29,182
nso Number of unprotected Shading correction factor of height level | Amount of air infiltrated by
4,500 1,000 0,020 1,000 10,506
Heat loss due to natural ventilation
Ointi-Oe max. of Viini, Vinti He [W~K'1] Design heat loss due to ventilation ®v,i(W)
35,000 29,182 9,922 347,271

Total design heat transmission loss of the specific room =

669,888 W
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Room No.

Name of the room

Indoor temperature Oy i)

207A

Bedroom

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy,;e

structures
A U AU U ] :
No. Description © “ : | T ek 1) AL (U Ug) o
[m?] | IW/m*.K] [ [W/m?.K] | [W/m°.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
Hrie =% (AK.(Up+AUg).fu i Fiex) (W/K) 3,090

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja )

structures
[¢] A u AU U )
No.S. description u “ “ . « fixk AU fik
[cl| [m1  [IW/m®K] | [W/m".K]| [W/m*K] [-]
S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620
Hria(.) = 2 (Ax-UiFix i) (W/K) 0,620
Fixk=f1= (Binti =6u)/(Binti —Be)
Specific heat transmission loss to ground Hy e
- Ak Ag P Uk fi Kk B'
No.S. descriptio & ; 2K | Ak-Uequivi figk -F
escription [mZ] [mZ] [m] [W/mz.K] [_] [m] Uequlv.k [W/m K] k-Yequiv,k .ligk -1 GW k
2( A Uequiv Figi fow) 0,000
fGW,k ee,m [°C]
foann HT,ig= foann -2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [-]
[
1,450 |0,000 1,000 3,900

Total design heat transmission loss @v; = ( Hyjie + Hrja + Hrjiae + Hrjiage + Hjig)-(Bint,i - 8 ) [W]

ZHy;
Oin;i [Cl 6.[C) Binti- 0. [Cl [WUK'l] Design heat transmission loss ®r; [W]
20,000 ~15,000 35,000 3,711 129,872

Design heat loss due to ventilation - natural ventilation

room indoor Hyginic requirements
volume Outdoor temperature 6, temperature ©
c inti et Hveienic ai ha V.. (m3/h
Vi) rcl [,q () ygienic air exchange Voo (m®/h)
53,073 -15,000 20,000 0,500
26,536
Nso Number of unprotected Shading correction factor of height level | Amount of air infiltrated by
[1/h] opennings factor e from terrain & building envelope Viqs; (m*/h)
4,500 1,000 0,020 1,000 9,553
Heat loss due to natural ventilation
Ointi-6c max. of Vmini, Vinfi H,[W-K'] [Design heat loss due to ventilation ®v,i(W)
35,000 26,536 9,022 315,781

Total design heat transmission loss of the specific room =

445,653 W
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Room No.

Name of the room

Indoor temperature ©jn;i °c)

208

Staircase

10,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje
structures
A U AU U f f;
No. Description kz k , 2 kcz vk iek Ar.(Ug+AUR).fy ke Fie
[m7] [ [W/m".K] | [W/m".K] | [W/m".K] [-] [-]

Hrjie = 2 (Ak.(Ui+AUg) fu i fiek) (W/K)

0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy;.(

structures
[S] A U AU U f;
No.S. description ! kz k ) 2 kcz ek Ax.Ugefixk
[a] [m*1 [ wW/m’K] | [IW/m®.K]| [W/m* 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
Hrjar) = 2 (Ak-UiFix i) (W/K) -14,323
Fixk= f1= (Binti = 6u)/(Binti — Be)
Specific heat transmission loss to ground Hy,
- A Aq P Uk figk B' 2
No.S. description & Uequivk [W/m?*.K] | Ax-Uequivk figk -f
P [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequivk.ligk -Taw,k
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0;000
f fawk | O,
e[a_rin HT,ig= feann P2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [_] ?n(‘:]
1,450 0,000 1,000 | 3,900

Total design heat transmission loss ®1; = ( Hrje + Hrja + Hrjae + Hrjase + Hr,ig) (Bint,i - 6 ) [W]

IHy; Design heat transmission loss ®r; [W]
eint,i FC] ee FC] eint,i - ee FC] i 1 :
[W-K"]
10,000 -15,000 25,000 -14,323 -358,064
Design heat loss due to ventilation - natural ventilation
room |Qutdoor temperature ©, indoor Hyginic requirements
volume C temperature 6 ; K
Vi(m3) [l P £ el Nmin(h 1) Hygienic air exchange Vminyi(m3/h)
52,654 -15,000 0,500
10,000 26,327
Nso Number of unprotected Shading factor | correction factor of height level | Amount of air infiltrated by
[1/h] opennings = from terrain & building envelope V;ng (m*/h)
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Ointi-6e max. of Viini, Ving,i H,[W-K] |Design heat loss due to ventilation ®v,i(W)
25,000 26,327 8,951 223,779

Total design heat transmission loss of the specific room =

-134,285 W
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Room No.

Name of the room

Indoor temperature Oint; ]

201B

Vestibule

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy e
structures
No. Description Akz U ) AUBZ Ukcz fu fie A (UictDUg).fu . fiek
[m?] [ W/m*.K|[W/m*K |[W/m*.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
Hrie =2 (AK.(UitAUB).fu k. fiex) (W/K) 1,086

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hg;ia(.)

structures
5] A U AU u f;
No.S. description N kz k ) ) kcz ik Ax.Uie.fixk
[cCl [m“] | [W/m*K|[W/m".K]|[[W/m*.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
Hria(.) = 2 (A Uk fixk) (W/K) 1,064
Fix = f1= (Binti = 8u)/(Binti — B¢e)
Specific heat transmission loss to ground Hy
. Ak Ag P Uk fi Kk B'
No.S. d t & i 2K] | Ak-Uequivk Figk -f
o escription [mz] [mz] [m] [W/mzK] [_] [m] Uequlv.k [W/m K] k-Yequivk.ligk -TGW k
z( Ak-Uequiv,k -fig,k -fGW,k) 0,000
fi faw,k 6,
S[a-rin HT,ig=f9ann 2z (Ak-Uequiv,k-fig,k -fGW,k) (W/K) GEIY] rzin
1,450 0,000 1,000 3,900

Total design heat transmission loss @r; = ( Hrje + Hrja + Hrjae + Hrjage +

Hz,ig)-(Bint,i - 6 ) [W]

Hy;
Ointi [ C] 6. [C] Ointi - 0 [Cl [Wt;'(l] Design heat transmission loss @r; [W]
20,000 -15,000 35,000 2,150 75,239

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature ©, indoor Hyginic requirements
volume ra temperature 1
Vi(m®) Ointi [C] el ) Hygienic air exchange Vmin_i(m3/h)
29,003 -15,000 20,000 0,500 14,502
Nsg Number of unprotected Shading correction factor of height Amount of air infiltrated by
[1/h] opennings factor = level from terrain §; building envelope Vins, (m*/h)
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Ointi-6e max. of Viini , Vin; H, [W-K™] |Design heat loss due to ventilation ®v,i(W)
35,000 14,502 4,931 172,568

Total design heat transmission loss of the specific room =

247,807 W
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Room No.

Name of the room

Indoor temperature Oy, «c)

202B

Washing machine room

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy;,

structures
A U AU U :
No. Description kz « ) ’ kcz Fu fie A (UAUg) fiy i fiex
[m*] | IW/m*K] | [W/m?.K] |[W/m?K] [-] [-]
0,000
Hrje = 2 (Ak.(Ui+AUg). fy . fie i) (W/K) 0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja.)

structures
[¢] A u AU u )
No.S. description u kz k 5 ) kcz fin AUpeFik
[l [m3 [ IW/m?K] | [W/m"K] | [W/m?.K] [-]
S4 internal non-load bearing wall | 24,000 3,187 1,379 1,379 -0,114 -0,502
Hrja(.) = 2 (A Ui Fixi) (W/K) -0,502
Fixk= f1= (eint,i - eu)/(eint,i =6
Specific heat transmission loss to ground Hy g
o A Ag p Uy figk B' 2
No.S. description & Uequivik [W/m*.K] |AxUequivk figk -f
p [mz] [mz] [m] [W/mzK] [_] [m] equiv.k [ / ] k- Yequiv,k.ligk -TGw k
z( Ak-Uequiv,k -fig,k -fGW,k ) 0,000
fGW,k eE:,m
foann HT,ig: foann .2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-] rC]
[-]
1,450(0,000 1,000 3,900

Total design heat transmission loss @y; = ( Hyje + Hya + Hrjae + Hrjape + Hrig)-(Qinti - 6 ) [W]

2Hy;
Oint; [C] 6. [C] Oint,i - 0 [Cl [M;IK'l] Design heat transmission loss Or; [W]
20,000 -15,000 35,000 -0,502 -17,584

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature ©jnt; 1 L 3
Vi(ma) rql Nmin(h™) Hygienic air exchange Vpin,i(m’/h)
5,920 -15,000 20,000 1,500 8,880
Nsg Number of unprotected Shading correction factor of height level | Amount of air infiltrated by
[1/h] opennings factor [ from terrain §; building envelope Vi, (ma/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Ointi-6e max. of Viini, Vingi H; [W-K!] |Design heat loss due to ventilation ®v,i(W)
35,000 8,880 3,019 105,676

Total design heat transmission loss of the specific room =

88,091 W
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Room No. Name of the room

Indoor temperature ;. )

203B Toilet

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
A U AU U )
No. Description p “ ’ < fux Fie A (UrAUg). fu - fiek
[m] | [W/m”K] [ [W/m”.K] [[W/m".K] [-] [-]
0,000
Hyje = 2 (Ak.(U+AUR).fy . fiex) (W/K) 0,000

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja)

structures
[S] A U AU U 3
No.S. description Y kz k , ) kcz fiu A-Upe-fixk
ra M [[W/m°K] | [W/m”.K]|[W/m* K] [-]
S4 internal non-load bearing wall| 24,000 1,704 1,379 1,379 -0,114 -0,269
Hria) = 2 (A Ui i) (W/K) -0,269
Fix = f1= (Binti = 6u)/(Binti — 6e)
Specific heat transmission loss to ground Hy,
.. A Ag P Uk fi k B'
No.S. description & Uequivik [W/m2K] | AcUequivi figk -F
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k .ligk - TGw k
Z( Ak-Uequiv,k -fig,k -fGW,k ) 01000
fGW,k ee,m rC]
foann HT,ig= foann -Z (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[-]
1,450|0,000 1,000 3,900

Total design heat transmission loss ®r; = ( Hjie + Hrja + Hrjae + Hrjiage + Hrig)-(Bing,i - 6 ) [W]

IHy;
Oinyi [C] e.[q] Ointi- 6. [Cl [Wt’ll('l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 -0,269 -9,403

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature ©, indoor Hyginic requirements
volume ra temperature 6y, ()
3 N
Vi(m?) rc "t Hygienic air exchange me,i(m3/h)
10,405 -15,000 20,000 0,500 5,203
Nso Number of unprotected Shading correction factor of height level | Amount of air infiltrated by
[1/h] opennings factor [ from terrain § building envelope Vius (m3/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Binti-6e max. of Viini, Vingi H: [W-K'l] Design heat loss due to ventilation ®v,i(W)
35,000 5,203 1,769 61,911

Total design heat transmission loss of the specific room =

52,508 W
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Room No.

Name of the room

Indoor temperature ©iy:i ')

204B

Kitchen and living room

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
A U AU u f f,
No. Description kz kz 2 kcz Uk ek Ak (UierAUg) fu - Fiek
[m?] | IW/m?.K] | [W/m?.K] [[W/m? K] [-] [-]
wsp |Plastic balcony door and 9,575 | 0,700 0,700 | 1,000 | 1,000 6,703
windows
S1_|peripheral wall 23,166| 0,125 | 0,050 | 0,175 | 1,000 | 1,000 4,046
Hrje = 2 (Ak.(UcAUg) fu Fiox) (W/K) 10,748

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hra.)

structures
[¢] A u AU u f.
No.S. description 4 kz k ) ) kcz xk A Ue ik
[cl| [m7  [[W/m"K]|[W/m".K]|[W/m°.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
Hrja() = 2 (AU fixi) (W/K) -0,177
Fixk=f1= (Binti —6u)/(Binti — Be)
Specific heat transmission loss to ground Hy g
ot A A P Uk fi B'
No.S. description (m?] [mgz] (] (W/m2.K] 'F_"j (] Uequivk [W/m2.K] Ax-Uequivk figk fow
Z( Ak-Uequiv,k -fig,k -fGW,k ) 0,000
fGW,k eE:,m FC]
foann HT,ig= foann .2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[-]
1,450 (0,000 1,000 3,900

Total design heat transmission loss ®r; = ( Hyje + Hrja + Hrjae + Hriage + Hrig).(Oint,i - 6 ) [W]

2Hy;
Oint,i [Cl 6. [C] Ointi- 0 [Cl [WmK'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 10,571 369,975

Design heat loss due to ventilation - natural ventilation

room indoor Hyginic requirements
Outdoor temperature 6,
volume temperature O, 4 o 5
Vi(ma) ra £q Nmin(h™) Hygienic air exchange Vpini(m>/h)
76,036 -15,000 20,000 0,500 38,018
Nso Number of unprotected Shading correction factor of height level | Amount of air infiltrated by
[1/h] opennings factor [ from terrain & building envelope Vine, (m>/h)
4,500 1,000 0,020 1,000 13,686
Heat loss due to natural ventilation
Oint,i-Oe max. of Viini, Vingi H: [W-K'l] Design heat loss due to ventilation ®v,i(W)
35,000 38,018 12,926 452,412

Total design heat transmission loss of the specific room =

822,388 W
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Room No.

Name of the room

Indoor temperature ©jni°)

205B

Bathroom

24,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje

structures
No. Description Akz U ) Aui Ukcz fu fiex Ax.(UtAUg) fu . fiek
[m?] [ IW/m".K] [ [W/m®".K] [[W/m".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
Hrje = 5 (AK.(U+AUg).fy . fiex) (W/K) 1,361

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja.)

structures
0 A U AU V] f;
No.S. description ! kz K , , kcz ok AcUpe-fixk
[Cl| [m’] | [W/mK] |[W/m®.K]|[W/m*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
Hrjia(.) = 2 (AU Fii) (W/K) 2,987
Fixt= f1= (Binti —6u)/(Binti — 6e)
Specific heat transmission loss to ground Hyg
. A Aq P Uk figk B' 2
No.S. description & Uequivk [W/m”.K] | Ax-Uequivk figk-F
Y [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequiv,k.ligk - TGW ki
2( Aw-Uequivik -figk fowk) 0,000
1:GW,k ee,m FC]
foann HT,ig= foann -2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[-]
1,450 [0,000 1,000 | 3,900

Total design heat transmission loss ®r; = ( Hrje + Hrja + Hrjae + Hrjiage + Hrig).(Bint,i - 6 ) [W]

ZHyi Design heat transmission loss @y, [W]
Bini [C] 6.[ql Bini-0:[C] | [WKT]
24,000 -15,000 39,000 4,347 169,543

Design heat loss due to ventilation - natural ventilation

room indoor Hyginic requirements
volume Outdoor temperature 6, temperature 8.y, B ... )
Vi(m?) raq £ql Nmin(h™) Hygienic air exchange Vyini(m”/h)
13,156 -15,000 24,000 0,500 6,578
Nso Number of unprotected Shading correction factor of heightlevel [ Amount of air infiltrated by
[1/h] opennings factor e from terrain §; building envelope Vins, (m*/h)
4,500 1,000 0,020 1,000 2,368
Heat loss due to natural ventilation
Binti-6e max. of Vin,i, Vinti H,[W-K™"] |Design heat loss due to ventilation ®v,i(W)
39,000 6,578 2,237 87,224

Total design heat transmission loss of the specific room =

230,400 W
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Room No. Name of the room

Indoor temperature ©jy, )

206B Bedroom

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy e

structures
A U AU U .
No. Description kz k , 2 kcz fux fiex Ar.(UtAUB). fu i Fiek
[m] | [W/m*.K] | [W/m”.K] [[W/m*.K] [-] [-]
wsp |UriPle glazing plasticwindows | ¢ oo, | g 500 0,700 | 1,000 | 1,000 4,656
and balcony door
S1 peripheral wall 26,118| 0,125 0,050 0,175 1,000 1,000 4,561
Hrie = 2 (AK.(U+AUB).fux.fiex) (W/K) 9,218

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(.)

structures
[S] A U AU U X
No.S. description . kz « , 2 kcz Fick AxUre-fixk
FCl| [m* | W/m®K]|[W/m°K]|[W/m*.K] [-]
Hra() = 2 (AcUi-fixi) (W/K) 0,000
Fixg= f1= (Binti —6u)/(Binti —Be)
Specific heat transmission loss to ground Hy g
- A Ag P Ui figk B'
No.S. d t & ; 2K | AcUequivk figk -f
o escription [mz] [mz] [m] [W/mZ.K] [_] [m] Uequlv.k [W/m K] k- Yequiv,k .ligk - TGw,k
Z( Ak-Uequiv,k -fig,k -fGW,k) 0,000
fGW,k ee,m
fea nn HT,ig = fea nn -2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [‘] FC]
[-]
1,450 |0,000 1,000 3,900

Total design heat transmission loss ®+; = ( Hrje + Hrja + Hrjiae + Hrjae + Hrig)-(Bint,i - 0 ) [W]

Ointi [Cl 6.[C) Ointi - B[ C] [ZVI\-III';(_l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 9,218 322,617
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
volume Outdoor temperature 6, temperature O, B ... .
Vi(m3) fcl [ Nmin(h™) Hygienic air exchange Vpini(m/h)
58,365 -15,000 20,000 0,500 29,182
Nso Number of unprotected Shading correction factor of height level [ Amount of air infiltrated by
[1/h] opennings factor e from terrain §&; building envelope V¢, (m3/h)
4,500 1,000 0,020 1,000 10,506
Heat loss due to natural ventilation
Ointi-Oe max. of Viminji, Vinfi H,[W-K] |Design heat loss due to ventilation ®v,i(W)
35,000 29,182 9,922 347,271

Total design heat transmission loss of the specific room =

669,888 W
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Room No.

Name of the room

Indoor temperature ;[

2078

Bedroom

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hye

structures
A U AU U X _
No. Description kz k , 2 kcz fus fiex I Ar.(UAUR). fu k- Fiek
[m?] | [W/m?.K] | [W/m”.K] | [W/m*".K] [-] 1
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
Hrie = 2 (Ak.(U+AUR).fy  fie ) (W/K) 3,090

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hrja(.)

Design heat loss due to ventilation - natural ventilation

room indoor Hyginic requirements
volume Outdoor temperature 6, temperature S«
3 ra P M Amin(h™) Hygienic air exchange Vpini(m/h)
Vi(m’) [q
53,073 -15,000 20,000 0,500
26,536
Nso Number of unprotected Shading correction factor of height level [ Amount of air infiltrated by
[1/h] opennings factor e from terrain §; building envelope Vines (m*/h)
4,500 1,000 0,020 1,000 9,553
Heat loss due to natural ventilation
Ointi-Oe max. of Viini s Vinti H,[W-K] |Design heat loss due to ventilation ®v,i(W)
35,000 26,536 9,022 315,781

Total design heat transmission loss of the specific room =

445,653 W
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structures
[S] A U AU U .
No.S. description Y kz k , 5 kcz fixk Ar-Upe Fixk
FCll [m* | W/m®K] |[W/m°K]| [W/m*.K] [-]

S3.a internal load bearing wall 10,000 4,336 0,501 0,501 0,286 0,620
Hra() = 2 (AcUifixi) (W/K) 0,620
Fix= f1= (Binti = 64)/(Binti —Be)
Specific heat transmission loss to ground Hy g

Ak Ag P Uk fi Kk B'
No.S. descripti & ' 2K] | AcUequivk figk -f
o escription [mz] [mz] [m] [W/mZ.K] [_] [m] Uequlv.k [W/m K] k-Yequivk.ligk -TGW k
Z( Ak-Uequiv,k -fig,k -fGW,k ) 0,000
fGW,k ee,m FC]
fea nn HT,ig = fea nn -2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [‘]
[-]

1,450 (0,000 1,000 3,900

Total design heat transmission loss @1, = ( Hrje + Hra + Hjize + Hrjape + Hrig)-(Bint,i - 0 ) [W]
2Hy;
Binti [Cl 6.[C) Ointi - B[ C] [WmK'l] Design heat transmission loss Or; [W]
20,000 -15,000 35,000 3,711 129,872



Room No.

Name of the room

Indoor temperature Ot ')

211

Laundry drying room

15,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hyje
structures
A U AU U X
No. Description kz k , 2 kcz fux fiex Ar.(U+AUg) fu k- fiek
[m?] | [W/m°.K] [ [W/m".K] | [W/m".K] [-] [-]
S1 Peripheral wall 5,519 [ 0,125 0,050 0,175 1,000 1,000 0,964
% triple glazing plastic window | 3,750 | 0,700 0,700 1,000 1,000 2,625
Hrie = 2 (AK.(U+AUB).fu k. fiex) (W/K) 3,589

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy;.()

Total design heat transmission loss of the specific room =

404,266 W
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structures
[S] A U AU U f;
No.S. description . kz K ) ) kcz ok A Upe.fixk
[Cl| [m? [ w/m?K] [IW/m® KT | [W/m* 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
Hra() = 2 (A Ui fixi) (W/K) 4,433
Fixg= f1= (Binti —6u)/(Binti — Be)
Specific heat transmission loss to ground Hyg
Ak Ag P Uk fi Kk B'
No.S. description & Ueuivk [W/m2K] | AcUequivi figk -F
p [mz] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequivk.ligk -TGW k
Z( Ak~ Uequiv,k ~fig,k ~fGW,k) 01000
f faw,k 6,
e[a-rin HT,ig = feann 2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) G\[A_l] [,z:;n
1,450 0,000 1,000 3,900
Total design heat transmission loss ®y; = ( Hrje + Hrja + Hrjiae + Hrjiage + Huig) (Bint,i - 6 ) [W]
2Hy;
Ointi [C 6. Ointi - 0 [C] [WUK'I] Design heat transmission loss Or; [W]
15,000 -15,000 30,000 8,021 240,644
Design heat loss due to ventilation - natural ventilation
room |Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature B;p; a L 3
Vi(m3) ra Nmin(h™) Hygienic air exchange Vpini(m>/h)
32,083 -15,000 15,000 0,500 16,041
Nso Number of unprotected Shading factor correction factor of height level | Amount of air infiltrated by
[1/h] opennings e from terrain § building envelope Vi, (m*/h)
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Vinini, Vingi H:¢ [W-K'l] Design heat loss due to ventilation Qv,i(W)
30,000 16,041 5,454 163,622




Heat losses of third floor

Room No.

Name of the room

Indoor temperature Oin,i )

301A

Vestibule

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy;e

structures

No. Description A Uy AUg Uyc fuk fiek A (U +AUg) fu i fiek
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
Hrje = 2 (AK.(U+AUg).fu.fiek) (W/K) 2,401

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyjq(.)

structures

No.S. description Oy Ax Uy AU U fixk A Uie.Fixie
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
Hrja() = 2 (AU fix i) (W/K) 1,064
Fixk=f1= (Binti —0u)/(Binti —Be)
Specific heat transmission loss to ground Hy;g

Ak Ag P Uk fi Kk B'
No.S. descripti & ' 2Kl | AcUequivk figk -f
o escription [mZ] [mZ] [m] [W/mZ.K] [_] [m] Uequlv.k [W/m K] k-Yequivk.ligk - TGW,k
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 01000
fo fowk 6,
[a_rin HT,ig= feann 2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [_] rz;n

1,450 0,000 1,000 3,900

Total design heat transmission loss @y, = ( Hyje + Hyja + Hrjiae + Hrjage + Hjig)-(Qing,i - 6 ) [W]
2Hy;
Oint; [Cl 6.[C] Ointi- 6. [Cl [Wt’ll('l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 3,465 121,280

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature 6, indoor Hyginic requirements
volume C temperature ©nt;
3 ra P el Nin(h ™) Hygienic air exchange Vmin,i(m3/h)
Vi(m’) [q
29,003 -15,000 20,000 0,500 14,502
Nso Number of unprotected Shading factor correction factor of height Amount of air infiltrated by
[1/h] opennings [ level from terrain § building envelope V¢, (m3/h)
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Viminji, Vinti H, [W-: K] |Design heat loss due to ventilation ®v,i(W)
35,000 14,502 4,931 172,568

Total design heat transmission loss of the specific room =

293,848 W
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Room No.

Name of the room

Indoor temperature 6, )

302A

Washing machine room

20,000

°C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hye

structures
A U AU U X
No. Description kz k , 2 kcz fux fiex Ar(UtAUg).fy . Fiex
[m] [[W/m”.K]| [W/m*.K] | [W/m*.K] [ [-]
R Roof 1,980 0,136 0,136 1,000 1,000 0,269
Hrje = 2 (Ak.(Ug+AUp).fy . fiek) (W/K) 0,269

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy;,.)

structures
0 A U AU U f;
No.S. description . kz « ) 2 kcz K AUre-fix
[Cl | [m1 | wW/m?K] | [W/m®.K]|[W/m’.K] [l
S4 internal non-load bearing wall | 24,000 | 3,190 1,379 1,379 -0,114 -0,503
Hrjia( = 2 (Ak-UieFixi) (W/K) -0,503
Fixk=f1= (Binti =6u)/(Binti —Be)
Specific heat transmission loss to ground Hy,
o Ak Ag P Uk fi Kk B'
No.S. description & Ueuivik [W/m2K] | Ac-Uequivk Figk -f
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k .ligk - Taw k
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 01000
f 5]
feann HT,ig= feann 2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) Gp’ik F’g]
1,450/0,000 1,000 3,900

Total design heat transmission loss ®y; = ( Hyje + Hyja + Hyjae + Hrjage + Hrjg

+(Bin, - B ) [W]

2Hy;
Oint; [Cl 6.[C Ointi- 0. [Cl [V\;IK'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 -0,234 -8,203

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature 6, indoor Hyginic requirements
volume ral temperature Bjny; 1 o 3
Vi(m3) [ Npin(h™) Hygienic air exchange Vpini(m’/h)
5,920 -15,000 20,000 1,500 8,880
Nso Number of unprotected Shading factor correction factor of height Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope Vi, (ma/h)
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Viminji, Vinti H, [W-: K] |Design heat loss due to ventilation ®v,i(W)
35,000 8,880 3,019 105,676

Total design heat transmission loss of the specific room =

97,473 W
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Room No. Name of the room Indoor temperature O, fc)
303A Toilet 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy,
structures
No. Description Akz U ) AU[; Ukcz fus fiex Ax.(UtAUg).fu k. fiex
[m] [[W/m*.K] [ [W/m"K] [[W/m".K] [-] [-]

R Roof 3,480 | 0,136 0,136 1,000 | 1,000 0,472

Hrje = 2 (AK.(U+AUg).fy  fiox) (W/K) 0,472

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hya(.)

structures
0 A U AU U f;
No.S. description . kz k ) 2 kcz ek A Uge.Fix
[a [m*  |[[W/m® K] |[W/m*.K]|[W/m® K] [-]
S4 internal non-load bearing wall | 24,000 | 1,704 1,379 1,379 -0,114 -0,269
Hrjia() = 2 (Ax.Ui-fixi) (W/K) -0,269
Fix,k= fl = (eint,i - eu)/(eint,i _ee)
Specific heat transmission loss to ground Hy;,
L A Aq P Uk figk B' 2
No.S. description & Uequivk [W/m”.K] | Ax-Uequivk figk -f
P [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k .ligk -TGw,k
Z( Ak-Uequiv,k -fig,k -fGW,k) 0;000
fi fowk 6,
ean[n_] HT,ig = fBann p3 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) \[A_I] eg‘c]
1,450|0,000 1,000 | 3,900

Total design heat transmission loss @1, = ( Hye + Hrja + Hrjae + Hrjage + Hrig) - (Bint,i - 6e ) [W]

2Hy;
Ointi [Cl 6.[q Ointi- 0. [Cl [WLII('l] Design heat transmission loss @r; [W]
20,000 -15,000 35,000 0,203 7,115

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature ©j; 4
Vi(m?) ral Aein(”) Hygienic air exchange Vyn;(m>/h)
10,405 -15,000 20,000 0,500
5,203
Nso Number of unprotected Shading factor correction factor of height Amount of air infiltrated by
[1/h] opennings g level from terrain §; building envelope V¢, (m>/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Binti-6e max. of Viini, Vinti H, [W-K"] |Design heat loss due to ventilation Qv,i(W)
35,000 5,203 1,769 61,911

Total design heat transmission loss of the specific room =

69,026 W
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Room No. Name of the room Indoor temperature Ot fc)
304A Kitchen and living room 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy.
structures
No. Description Akz U ) AU[; Ukcz fus fiex Ax.(Ui+AUB).fu k. fiex
[m] [[W/m*.K] [ [W/m".K] [[W/m".K] [-] [-]
wsp |Plasticbalcony door and 9,575 | 0,700 0,700 | 1,000 | 1,000 6,703
windows
s1 peripheral wall 23,166 | 0,125 | 0,050 | 0,275 | 1,000 | 1,000 4,046
R flat roof 25,430 | 0,700 0,700 | 1,000 | 1,000 17,801
Hrie = 2 (AK.(UitAUg).fy k. fiek) (W/K) 28,549

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy(.)

structures
0 A U AU U f;
No.S. description . kz k ) 2 kcz ek A Ugc.fix
[c [m?] | [W/m”K] [[W/m®.K]|[W/m’ 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
Hrjia() = 2 (A Ui fici) (W/K) -0,177
Fix,k= fl = (eint,i - eu)/(eint,i _ee)
Specific heat transmission loss to ground Hy;,
L A Aq P Uk figk B' 2
No.S. description & Uequivk [W/m”.K] | Ax-Uequivk figk -f
P [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequivk.ligk -Taw,k
Z( Ak- Uequiv,k -fig,k -fGW,k) 0;000
fGW,k ee,m rC]
foann HT,ig =foann .2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[-]
1,450 0,000 1,000 | 3,900
Total design heat transmission loss @1, = ( Hye + Hr,ja + Hrjae + Hrjage + Hrig) - (Bint,i - 6 ) [W]
2Hy;
Ointi [Cl 6.[C] Ointi- 0. [Cl [WmK'l] Design heat transmission loss @r; [W]
20,000 -15,000 35,000 28,372 993,010

Design heat loss due to ventilation - natural ventilation

room indoor Hyginic requirements
Outdoor temperature 6,
volume temperature Bq; 1 L 3
vy(m?) [c £Cl Nmin(h™) Hygienic air exchange Vgyini(m®/h)
76,036 -15,000 20,000 0,500 38,018
Nso Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
[1/h] opennings e level from terrain §; building envelope V¢, (ma/h)
4,500 1,000 0,020 1,000 13,686
Heat loss due to natural ventilation
Ointi-6e max. of Viini, Vinti H,[W-K"] |Design heat loss due to ventilation ®v,i(W)
35,000 38,018 12,926 452,412

Total design heat transmission loss of the specific room =

1445,423 W
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Room No.

Name of the room

Indoor temperature Ot c)

305A

Bathroom

24,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy .

structures
No. Description Akz U ) AUBZ Ukcz fuk fiex Ax.(UtAUB).fu . fiex
[mT [ [W/m".K]|[W/m"K] [[W/m".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 | 0,275 | 1,000 | 1,000 0,731
Hrie = 2 (AK.(Ug+AUg).fyk.fie ) (W/K) 1,956

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hrjy(.)

Total design heat transmission loss of the specific room =

279,000 W
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structures
0 A U AU U f;
No.S. description . kz ) , ) kcz ok A-Upe ik
[a m*] [ [W/m®.K] | [W/m®.K]|[W/m?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
Hrjia(.) = 2 (A Ui ) (W/K) 2,987
Fix,k= fl = (eint,i _eu)/(eint,i - ee)
Specific heat transmission loss to ground Hy;,
Ak Ag P Uk fi Kk B'
No.S. description & Ueguivk [W/m2.K] | AcUequivk figk -
Y [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequivk.ligk -TGaw,k
z( Ak~ Uequiv,k ~fig,k ~fGW,k ) 0;000
f fowk | Bem[Cl
ea[i]]n HT,ig= feann P2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) G\[A_I] em
1,450 0,000 1,000 3,900
Total design heat transmission loss @1 = ( Hrje + Hyia + Hrjae + Hr,iage + Hrig) (Bint,i - 8¢ ) [W]
ZHy; Design heat transmission loss @r; [W]
Binti [C] 6.[ql Oini-0:[C] | (WK™
24,000 -15,000 39,000 4,943 192,761
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
volume Outdoor temperature 6, ¢ ture © ve 9
emperature B,
3 ra P M nia(hY) Hygienic air exchange Vpini(m?/h)
Vi(m’) [q
13,126 -15,000 24,000 0,500 6,563
Nso Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
4,500 1,000 0,020 1,000 2,363
Heat loss due to natural ventilation
Binti-6e max. of Viini, Vinti H, [W-K"] |Design heat loss due to ventilation Qv,i(W)
39,000 6,563 2,231 87,026




Room No. Name of the room Indoor temperature O, fc)
306A Bedroom 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy.
structures
No. Description Akz U ) AU[; Ukcz fus fiex Ax.(Ui+AUB).fu k. fiex
[m] [[W/m*.K] [ [W/m"K] [[W/m".K] [-] [-]
R flat roof 19,520 | 0,136 0,136 | 1,000 | 1,000 2,647
wep |fripleglazing plastic windows | o o) | 500 0,700 | 1,000 | 1,000 4,656
and balcony door
s1 peripheral wall 26,118 | 0,125 | 0,050 | 0,275 | 1,000 | 1,000 4,561
Hrje = 3 (AK.(U+AUg).fy i Fiex) (W/K) 11,865

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy(.)

Total design heat transmission loss of the specific room =

762,539 W
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structures
0 A U AU U f;
No.S. description . kz K ) 2 kcz ik A Uge.Fix
[c [m*  |[[W/m® K] |[W/m*.K]|[W/m® K] [-]
Hria) = 2 (A Ui ficid (W/K) 0,000
Fix,k= fl = (eint,i - eu)/(eint,i _ee)
Specific heat transmission loss to ground Hy;,
A Ag P Uk fi Kk B'
No.S. description & Ueguivk [W/m2K] | Ac-Uequivk figk -F
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequivk.ligk -Taw,k
Z( Ak~ Uequiv,k ~fig,k ~fGW,k) 0;000
fGW,k ee,m
fBann HT,ig = fBann p3 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) ['] rC]
[-]
1,450 |0,000 1,000 3,900
Total design heat transmission loss @1, = ( Hye + Hrja + Hrjae + Hrjage + Hrig) - (Bint,i - 6 ) [W]
2Hy;
Ointi [Cl 6.[C] Ointi- 0. [Cl [Wtyll(l] Design heat transmission loss @r; [W]
20,000 -15,000 35,000 11,865 415,269
Design heat loss due to ventilation - natural ventilation
room ind Hvaini - "
volume Outdoor temperature 6, ¢ n toor o yelnic requirements
emperature ©j,; 4 o 3
C ' in(h H h Vimini h
Vi(m3) [a £Ql Npin(h™) ygienic air exchange Vpini(m°/h)
58,365 -15,000 20,000 0,500 29,182
Nso Number of unprotected Shading factor correction factor of height Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope V¢, (ma/h)
4,500 1,000 0,020 1,000 10,506
Heat loss due to natural ventilation
Ointi-6e max. of Viini, Vinti H: [W- K'l] Design heat loss due to ventilation ®v,i(W)
35,000 29,182 9,922 347,271



Room No. Name of the room

Indoor temperature ;. )

307A Bedroom

20,000

°C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hr e

structures
A U AU U X
No. Description kz k ) 2 kcz fus fiex Ay (UtAUR).fy . Fie
[m] [ [W/m".K]| [W/m".K] | [W/m°.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
Hrje = 2 (AK.(U+AUg).fu.fiek) (W/K) 5,497

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(.)

structures
0 A U AU U f;
No.S. description ! kz k ) 2 kcz ik Ay Upe.fixk
rc [m2 | [W/m2.K] [IW/m?.K]|[W/m’ K] [-]
S3.a internal load bearing wall 10,000 | 4,336 0,501 0,501 0,286 0,620
Hrja) = 2 (Ac-Uifix ) (W/K) 0,620
Fix= f1= (Binti =6u)/(Binti —Be)
Specific heat transmission loss to ground Hyg
P A Ag P Uk f; Kk B'
No.S. d t s ; 2Kl | AcUequivk figk -F
o escription [mZ] [mZ] [m] [W/mZ.K] [_] [m] Uequw.k [W/m K] k- Yequivk.ligk - 'GW,k
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 01000
fGW,k ee,m FC]
foann HT,ig= foann -Z (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-]
[-]
1,450 [0,000 1,000 3,900

Total design heat transmission loss ®+; = ( Hrje + Hrja + Hyiae + Hriage + Hrig

-(Bint,i - 8 ) [W]

2H;
Oint; [Cl 6.[C] Ointi-0e[C] [Wt’lK'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 6,118 214,122

Design heat loss due to ventilation - natural ventilation

room indoor Hyginic requirements
volume Outdoor temperature 6, temperature 8y, . o s
Vi(m?) ra rcl Nmin(h™) Hygienic air exchange Vpini(m’/h)
53,073 -15,000 20,000 0,500
26,536
Nso Number of unprotected Shading factor [ correction factor of height Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope Vi, (ma/h)
4,500 1,000 0,020 1,000 9,553
Heat loss due to natural ventilation
Binti-6e max. of Viinji, Ving,i H,[W-K'] [Design heat loss due to ventilation ®v,i(W)
35,000 26,536 9,022 315,781

Total design heat transmission loss of the specific room =

529,903 W
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Room No. Name of the room Indoor temperature O, )
308 Staircase 10,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hyje
structures

No. Description Akz U 5 AUE Ukcz fui fiek A (UtAUg). fu - fiek

M7 [IW/m".K]|[W/m".K] | [W/m“K]| [ [-]
Wg 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

Hrie = 2 (AK.(U+AUB).fux.fiex) (W/K) 5,019

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja()

structures
[S] A U AU U f;
No.S. description Y kz k ) ) kcz ik A Ugefik
ra m* | [W/m?K] | [W/m?.K]|[W/m’ 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(..) =X (Ak~Uk~fix,k) (W/K) -14,323
Fixk= f1= (Binti =6u)/(Binti — Be)
Specific heat transmission loss to ground Hy,
L Ax Aq P Uk figk B' 2
No.S. d t & ' K] | Ax-Uequivk figk -f
o escription [mz] [mz] [m] [W/mZ.K] [_] [m] Uequlv.k [W/m K] k- Yequiv,k.ligk -TGw k
Z( Ak-Uequiv,k -fig,k -fGW,k ) 01000
f, fowxk 6,
e[a-r]m HT,ig= feann .z (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) GEA_I] rzi“
1,450 0,000 1,000 3,900
Total design heat transmission loss @+, = ( Hyje + Hria + Hrjae + Hrjiase + Hrig)-(Bint,i - 6 ) [W]
IHy; Design heat transmission loss Or; [W]
Bini [C] 6.[q] Binti - 0 [C] [W-K™]
10,000 -15,000 25,000 -9,304 -232,598

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature 6, indoor Hyginic requirements
vqun;\e ra temperature 8y, nmin(h'l) Hygienic air exchange Vpin i(m3/h)
Vi(m®) [q '
52,654 -15,000 0,500
10,000 26,327
Nso Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
[1/h] opennings e level from terrain §; building envelope Vi, (ma/h)
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Ointi-6e max. of Vi, Vingi Hq [W-K'] |Design heat loss due to ventilation ®v,i(W)
25,000 26,327 8,951 223,779

Total design heat transmission loss of the specific room =

-8,819 W
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Room No.

Name of the room

Indoor temperature ©inti 1)

301B

Vestibule

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hr;e

structures
No. Description Ax ) Uk ) AUBZ Ukcz fux fiex Ax.(Ug+AUg).fu . fiek
[m?1 | IW/m?K] | [W/m? K] | [W/m? 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
Hrje = 2 (AK.(Ui+AUR).fy k. fiex) (W/K) 2,401

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyj,( )

Total design heat transmission loss of the specific room =

293,848 W

106

structures
6, A U AU U f;
No.S. description N k2 K ) 2 kcz ok A Uge fixk
[a [m’] | [W/m?K] | IW/m* K[ [w/m*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
Hrjiat) = 2 (AU Fixi) (W/K) 1,064
Fixg= f1= (Binti —Bu)/(Binti = Be)
Specific heat transmission loss to ground Hy ;e
Ay Ag p Uy figk B'
No.S. description & Uequivk [W/m2K] | AcUequivk figk-f
p (m] (m?] (m] |[W/m?K] ] (m] equivk [W/MK] | AcUequivk figk -fow
2( Ax-Uequivk -figk -fowx) 0,000
f fowk 6,
e[a_rin HT,ig= feann 2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) GF\_I] [,(e:in
1,450 0,000 1,000 | 3,900
Total design heat transmission loss @1, = ( Hr,ie + Hrja + Hrjae + Hriaae + Hiig)-(Bing,i - 6e ) [W]
2Hy;
Ointi [Cl 6. [C] Ointi- B [C] [Wtyll('l] Design heat transmission loss @r; [W]
20,000 -15,000 35,000 3,465 121,280
Design heat loss due to ventilation - natural ventilation
room  |Qutdoor temperature 6, indoor
volume ra temperature Ojy; Hyginic requirements
Vi(m?) [C] Nmin(h™?) Hygienic air exchange V,,i(m>/h)
29,003 -15,000 20,000 0,500 14,502
Nsg Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
[1/h] opennings e level from terrain §; building envelope Viq¢, (m*/h)
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Vinini, Vingi H,[W-K'] |Design heat loss due to ventilation ®v,i(W)
35,000 14,502 4,931 172,568




Room No.

Name of the room

Indoor temperature Ojnt i °)

302B Washing machine room 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hrje
structures

No. Description Ak2 U , Aui Ukcz fuk fiex Ar.(UiAUB) fu k- fiex

[m] [[W/m”.K]|[W/m".K] |[W/m".K] [-] [-]
R Flat roof 1,980 | 0,136 0,136 1,000 | 1,000 0,269

Hrie = 2 (AK.(Ui+AUg).fy k. fie k) (W/K) 0,269

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja()

structures
6, A U AU U f;
No.S. description ! k2 K 5 , kcz ik AcUie-Fixk
ra [m*] | IwW/m* K] | [W/m’.K]|[W/m* K] [-]
S4 internal non-load bearing wall | 24,000 | 3,187 1,379 1,379 -0,114 -0,502
Hria() = 2 (AU Fixi) (W/K) -0,502
Fix= f1= (Binti = Bu)/(Binti —Be)
Specific heat transmission loss to ground Hy ;e
o A A P Uk figk B'
No.S. description & Ueguivik [W/m?K] | Ac-Uequivk figk -F
P [m2] [m2] [m] [W/mz.K] [_] [m] equiv.k [ / ] k-Yequivk .ligk -'GW,k
2( AxUequivk -figk -fow k) 0,000
fGW,k ee,m
foann HT,ig =fgann -2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-] FC]
[-]
1,450(0,000 1,000 | 3,900
Total design heat transmission loss ®r; = ( Hrje + Hra + Hrjze + Hrjae + Hrig)-(Bint,i - 8 ) [W]
ZHy;
Binti [C] 6. Ointi- 0 [C] [ 4 . Design heat transmission loss Or; [W]
: WK
20,000 -15,000 35,000 0,234 -8,186

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature 6, indoor Hyginic requirements
V\ZI(L::; ra temperart(t;]re Oints Nin(h™) Hygienic air exchange Vni(m*/h)
5,920 -15,000 20,000 1,500 8,880
Nsg Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
[1/h] opennings e level from terrain §; building envelope Vi, (m*/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Oint,i-Oe max. of Viini, Vinti H,[W-K'] |Design heat loss due to ventilation ®v,i(W)
35,000 8,880 3,019 105,676

Total design heat transmission loss of the specific room =

97,489 W
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Room No. Name of the room Indoor temperature ©n,ifq)
303B Toilet 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy e
structures

No. Description Akz Uk ) AU{; Ukcz fus fiex A.(Ug+AUg).fu k. fiex

[m7] [[W/m”.K]| [W/m".K] [[W/m".K] [-] [-]
R Flat roof 3,480 0,136 0,136 1,000 1,000 0,472

Hrie = 2 (AK.(U+AUg).fy k- fie k) (W/K) 0,472

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hrja(.)

structures
0 A U AU U f;
No.S. description . kz K ) 2 kcz ik A Uge.fixck
[cl [m?*] [ IW/m?K] | [W/m®.K]|[W/m®K] [-]
sS4 internal non-load bearing wall | 24,000 | 1,704 1,379 1,379 -0,114 -0,269
Hrja() = 2 (AU Fix i) (W/K) -0,269
Fixk=f1= (Binti —6u)/(Binti — 6e)
Specific heat transmission loss to ground Hy g
A Ag P Uy fiok B'
No.S. description & Ueouivk [W/m2K] | AcUequivk Figk -f
Y [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequiv,k .ligk - Taw k
Z( Ak~ Uequiv,k ~fig,k ~fGW,k) 01000
fGW,k ee,m
feann HT,ig = fea nn -2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) ['] FC]
[-]
1,450|0,000 1,000 | 3,900
Total design heat transmission loss @1, = ( Hrie + Hra + Hrjiae + Hrjiage + Hiig) (Bint,i - 6 ) [W]
2Hy;
Bint; [C] 6.[C] Binti - 0. [Cl [Wtyll('l] Design heat transmission loss ®Or; [W]
20,000 -15,000 35,000 0,203 7,115

Design heat loss due to ventilation - natural ventilation

room Outdoor temperature 8, indoor Hyginic requirements
volume ra temperature 6, 1
vi(m®) [c] Arun(”) Hygienic air exchange Vpn;(m®/h)
10,405 -15,000 20,000 0,500
5,203
Nso Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
[1/h] opennings = level from terrain building envelope Viq¢, (m*/h)
4,500 0,000 0,020 1,000 0,000
Heat loss due to natural ventilation
Binti-6e max. of Viini, Vingi H,[W-K'] |Design heat loss due to ventilation Qv,i(W)
35,000 5,203 1,769 61,911

Total design heat transmission loss of the specific room =

69,026 W
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Room No.

Name of the room

Indoor temperature Ojn;i (]

304B Kitchen and living room 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hyje
structures
No. Description Akz Uk ) AUBZ Ukcz fux fiex Ax.(U+AUg) fu . fiex
[m7] [[W/m".K]|[W/m".K] | [W/m".K] [-] [-]
wp |Plasticbalcony doorand 9,575 | 0,700 0,700 | 1,000 | 1,000 6,703
windows
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
Hrie = 2 (AK.(U+AUg).fy . fiex) (W/K) 28,549

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy;, )

structures
0 A U AU U f;
No.S. description : kz k ) 2 kcz ek A Uge.fix
[c M | [W/m*K] | [W/m® K] | [W/m* 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
Hria() = 2 (A UkFix i) (W/K) -0,177
Fixk=f1= (Binti = 6u)/(Binti = Be)
Specific heat transmission loss to ground Hr,g
A Ag P Uk f; K B'
No.S. description & Ueguivk [W/m2K] | AcUequivi figk-f
p [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k-Yequiv,k.ligk - TGW,k|
Z( Ak~Uequiv,k ~fig,k ~fGW,k ) 0;000
fGW,k ee,m FC]
fea nn HT,ig = feann 2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [']
[-]
1,450 0,000 1,000 | 3,900
Total design heat transmission loss ®r; = ( Hrjie + Hria + Hrjae + Hrjiage + Hrig) . (Bint,i - 6 ) [W]
2Hy i
Bint; [C] 6.[C] Binti- B[ Cl [WmK'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 28,372 993,010

Design heat loss due to ventilation - natural ventilation

room indoor Hyginic requirements
Outdoor temperature 6,
volume temperature 6 4 o 3
Vi(m?) fcl [q Nmin(h™) Hygienic air exchange Vyini(m°/h)
|
76,036 -15,000 20,000 0,500 38,018
Nso Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
[1/h] opennings g level from terrain §; building envelope Viq¢, (ma/h)
4,500 1,000 0,020 1,000 13,686
Heat loss due to natural ventilation
Ointi-6e max. of Viini, Ving,i H,[W-K'] |Design heat loss due to ventilation ®v,i(W)
35,000 38,018 12,926 452,412

Total design heat transmission loss of the specific room =

1445,423 W
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Room No.

Name of the room

Indoor temperature it 1)

305B Bathroom 24,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hy;e
structures

No. Description Akz U ) Aui Ukcz fux fiex Ax.(U+AUg) fy k- fie k

[m?] | [W/m?.K]| [W/m*K] [[W/m®.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
Hrje = 2 (AK.(UgtAUg) iy k. fie ) (W/K) 2,175

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyj,)

Total design heat transmission loss of the specific room =

279,000 W

110

structures
[§] A U AU U f;
No.S. description ! kz K , , kcz tk AUieFixk
ral [m*] | [wW/m?.K] [[W/m® K] | [W/m*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
Hrja) = 2 (AcUifici) (W/K) 2,987
Fix k= f1= (Binti =6u)/(Binti —Be)
Specific heat transmission loss to ground Hy g
Ak Ag P Uk fi Kk B'
No.S. description e Ueuivk [W/m2.K] [ AcUequivk Figk -F
p [mZ] [mZ] [m] [W/mZ.K] -] [m] equiv.k [W/m* K] k-Yequivk .Tigk -Taw k
2( Ak-Uequivk figh fow i) 0,000
f f Bem [C]
e[a_rin HT,ig = 1:eann p3 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) GEI\_I],k em
1,450 |0,000 1,000 | 3,900
Total design heat transmission loss @r; = ( Hre + Hyja + Hrjiae + Hriae + Hjig) (Biny,i - 8 ) [W]
THy; Design heat transmission loss ®r; [W]
Bint;i [C] 8.[d] Bini-8e[Cl | WK']
24,000 -15,000 39,000 5,162 201,322
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
Outdoor temperature 6,
volume temperature Bjny; 1 L 3
Vi(ma) ra [q Nmin(h™) Hygienic air exchange Vini(m>/h)
13,126 -15,000 24,000 0,500
6,563
Nso Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
[1/h] opennings e level from terrain §; building envelope Vi, (ma/h)
4,500 1,000 0,020 1,000 2,363
Heat loss due to natural ventilation
Binti-6e max. of Viini, Vinti H: [W-K'l] Design heat loss due to ventilation ®v,i(W)
39,000 6,563 2,231 87,026




Room No.

Name of the room

Indoor temperature ©jn i 1°c)

306B

Bedroom

20,000 °C

Calculation of heat transmission loss

Specific heat transmission loss directly to exterior Hy e

structures
A u AU u .
No. Description k2 k2 i kcz fuk fiex Ar.(UiAUB) fu k- fiex
[mT] | IW/m".K] | [W/m".K] | [W/m".K] [-] [-]
R |flatroof 19,520 | 0,136 0,136 | 1,000 | 1,000 2,647
triple glazing plastic wind
wsp |FiPieglazingplasticwindows 1 g 055 | 0,700 0,700 | 1,000 | 1,000 4,656
and balcony door
S1_ |peripheral wall 26,118 | 0,125 | 0,050 | 0,175 | 1,000 | 1,000 4,561
Hyse = (AK.(UAUg) fu frod (W/K) 11,865

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hy ()

Total design heat transmission loss of the specific room =

762,539 W

111

structures
0 A U AU u f;
No.S. description ) k2 K 5 , kcz ik AcUie-fixk
[cl [m’] | [W/m%K] [IW/m®.K]| [W/m?K] []
Hiia() = 2 (A UiFixid (W/K) 0,000
Fix= f1= (Binti = 6u)/(Binti —Be)
Specific heat transmission loss to ground Hy ;e
Ak Ag P Uk fi Kk B'
No.S. description 8 Ueguivi [W/m%K] | AcUequivi Figk-f
p [m2] [m2] [m] [W/mz.K] [_] [m] equiv.k [ / ] k-Yequivk .ligk - 'GW k
2( Ak Uequivk-figk -fowk) 0,000
fGW,k ee,m
foann HT,ig =fgann -2 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) [-] FC]
[-]
1,450 0,000 1,000 3,900
Total design heat transmission loss ®r; = ( Hyje + Hr,ia + Hrjze + Hrjiage + Hrig) (Bint,i - 6 ) [W]
2Hy;
Oini [C] 6.[C Ointi- 0.[C] [ H . Design heat transmission loss @r; [W]
g , W-K )
20,000 -15,000 35,000 11,865 415,269
Design heat loss due to ventilation - natural ventilation
room indoor Hyginic requirements
Outdoor temperature 6,
volume ra temperature By, (h'l) Hveienic ai h Vol 3/h)
Vi(m?) £ql Nmin ygienic air exchange Vpini(m
58,365 -15,000 20,000 0,500 29,182
Nso Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
[1/h] opennings g level from terrain §; building envelope Vi, (m*/h)
4,500 1,000 0,020 1,000 10,506
Heat loss due to natural ventilation
Oint,i-Oe max. of Viini s Vingi H,[W-K'] |Design heat loss due to ventilation ®v,i(W)
35,000 29,182 9,922 347,271




Room No. Name of the room Indoor temperature 6;, )
307B Bedroom 20,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hyje
structures
No. Description Akz U , Aui Ukcz fux fiex Ar(Ui+AUB).fu - fiek
[m?] [[W/m?*K]| [W/m®.K] | [W/m*.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
Hrje = 2 (Ak.(Ug+AUg) fy i fie k) (W/K) 5,497

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hya()

Design heat loss due to ventilation - natural ventilation

vrcf::::e Outdoor temperature 6, temp(le::tczjc:; o Hyginic 1reqmrements ;
Vi(m?) ra e it nin(h™) Hygienic air exchange Vpini(m>/h)
53,073 -15,000 20,000 0,500 26,536
Nso Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
[1/h] opennings [ level from terrain §; building envelope Vi.;, (m>/h)
4,500 1,000 0,020 1,000 9,553
Heat loss due to natural ventilation
Ointi-Oe max. of Viminji, Vinti H, [W-K'] [Design heat loss due to ventilation ®v,i(W)
35,000 26,536 9,022 315,781

Total design heat transmission loss of the specific room =

529,903 W
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structures
6, A U AU U f;
No.S. description . kz K 5 5 kcz ek A Uie-Fixk
ral [m?] | IW/m?K] | IW/m”.K]|[[W/m? K] []

S3.a internal load bearing wall 10,000 | 4,336 0,501 0,501 0,286 0,620
Hrja(.) = 2 (Ac-Uifixi) (W/K) 0,620
Fix= f1= (Binti =6u)/(Binti —Be)
Specific heat transmission loss to ground Hyj,

o A Ag P Uk figk B'
No.S. description & Uequivk [W/m?K] | AcUequivk figk.f
cripti [mZ] [mZ] [m] [W/mz.K] [-] [m] equiv.k [W/m?.K] k- Yequiv,k Tigk -Taw k
Z( AUequivk figk fowxk) 0,000
fGW,k ee,m FC]
foann HT,ig= foann -2 (Ak-Uequiv,k-fig,k -fGW,k) (W/K) [-]
[-]

1,450 |0,000 1,000 | 3,900

Total design heat transmission loss @1, = ( Hre + Hrja + Hrjiae + Hriage + Hrig)-(Bint,i - 0 ) [W]
ZHy;
Binti [Cl 6.[C] Ointi- B [C] [Wtle'l] Design heat transmission loss ®r; [W]
20,000 -15,000 35,000 6,118 214,122



Room No. Name of the room Indoor temperature ©jn, )
311 Laundry drying room 15,000 °C
Calculation of heat transmission loss
Specific heat transmission loss directly to exterior Hyje
structures
No. Description Akz U , Aui Ukcz fux fiex A (UAUB) fu k- fiek
[m?] |[IW/m?K] | [W/m®.K] [[W/m®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
Hrje = 2 (Ak.(UtAUg).fy i Fies) (W/K) 5,044

Specific heat transmission loss from heated space to neighbouring heated space or unheated space or through it Hyja(.)

structures
5] A U AU u f;
No.S. description , kz k 5 , kcz ok AUie-Fixk
[c [m*] | [wW/m?K] | [W/m®.K] | [W/m* 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
Hrjia() = 2 (AU Fix i) (W/K) 2,623
Fix= 1= (Binti =Bu)/(Bint,i — 6e)
Specific heat transmission loss to ground Hy g
Ak Ag P Uk fi Kk B'
No.S. description & Uequivk [W/m2K] | AcUequivk figk -F
P [mZ] [mZ] [m] [W/mZ.K] [_] [m] equiv.k [ / ] k- Yequivk .ligk - 'GW,k
2( Ak-Uequivk -figk fow ) 0,000
f f 5]
e[a_rin HT,ig= feann p3 (Ak~Uequiv,k~fig,k ~fGW,k) (W/K) GEI\_I],k [,zin
1,450 0,000 1,000 3,900

Total design heat transmission loss ®r,; = ( Hr,ie + Hrja + Hrjae + Hriage + Hrig) (Bint,i - 8¢ ) [W]

2Hy;
Oini [C] 6.[C] Ointi-0.[C] [ Hl . Design heat transmission loss Or; [W]
: 3 WK )
15,000 -15,000 30,000 7,667 230,010

Design heat loss due to ventilation - natural ventilation

room |Outdoor temperature 6, indoor Hyginic requirements
volume ra temperature 6, R 5
Vi(m?) ra Nmin(h™) Hygienic air exchange Vpy,i(m>/h)
32,083 -15,000 15,000 0,500 16,041
Nso Number of unprotected Shading factor | correction factor of height Amount of air infiltrated by
4,500 0,000 0,000 1,000 0,000
Heat loss due to natural ventilation
Ointi-Oe max. of Viini, Ving,i H, [W-K'] |Design heat loss due to ventilation ®v,i(W)
30,000 16,041 5,454 163,622

Total design heat transmission loss of the specific room =

478,000 W
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Summary of heat losses from each floor

Heat loss from the basement
Heat transmission loss Heat loss due to ventilation | Total heat loss
Room No.
O, [W] Oy, [W] (W]

s101 -16,33 60,54 44,21
$102 -84,57 35,07 -49,50
S103 716,21 566,81 1283,01
S104 77,29 103,72 181,01
S105 267,93 263,83 531,77
S106 405,93 302,44 708,37
S107 -62,45 135,11 72,65
5108 85,72 177,91 263,63
S109 -252,18 91,49 -160,68
5110 -38,33 46,05 7,72
S111 -102,75 104,68 1,94
5112 -60,27 95,31 35,04
5113 -249,20 115,21 -134,00
5114 -30,57 36,90 6,34
5115 -14,39 53,75 39,36
S116 -22,39 60,54 38,15
5117 -57,04 60,54 3,50
5118 -116,63 60,54 -56,09

3 2816

Heat loss from the first floor

Heat transmission loss

Heat loss due to ventilation

Total heat loss

Room No.
Ori (W] Oy W] (W]
101A 89,11 172,57 261,68
102A -13,50 105,68 92,18
103A -9,40 61,91 52,51
104A 398,70 452,41 851,12
105A 176,83 87,03 236,80
106A 322,62 347,27 669,89
107A 212,26 315,78 528,05
108 -249,55 255,55 6,00
101B 165,29 172,57 337,86
1028 0,80 105,68 106,47
1038 22,90 61,91 84,82
1048 599,58 452,41 1052,00
105A 213,28 87,22 436,90
106B 503,84 347,27 851,11
1078 294,66 315,78 610,44
109 -128,00 53,14 -174,60
b2 6003
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Heat loss from the second floor

Heat transmission loss

Heat loss due to ventilation

Total heat loss

Room No.
Oy, [W] Oy, [W] (W]
201A 75,24 172,57 247,81
202A -17,60 105,68 88,07
203A -9,40 61,91 52,51
204A 369,98 452,41 822,39
205A 169,54 87,03 240,90
206A 322,62 347,27 669,89
207A 129,87 315,78 445,65
211 240,64 163,62 404,27
208 -358,06 223,78 -134,28
201B 75,24 172,57 247,81
202B -17,58 105,68 88,09
203B -9,40 61,91 52,51
204B 369,98 452,41 822,39
205B 169,54 87,22 240,90
206B 322,62 347,27 669,89
207B 129,87 315,78 445,65
b2 5404

Heat loss from the third floor

Room No. Heat transmission loss | Heat loss due to ventilation Total heat loss
®r, (W] Oy [W] (W]

301A 121,28 172,57 293,85
302A -8,20 105,68 97,47
303A 7,12 61,91 69,03
304A 993,01 452,41 1445,42
305A 192,76 87,03 279,00
306A 415,27 347,27 762,54
307A 214,12 315,78 529,90
308 -232,60 223,78 -8,82
301B 121,28 172,57 293,85
302B -8,19 105,68 97,49
303B 7,12 61,91 69,03
304B 993,01 452,41 1445,42
305B 201,32 87,03 279,00
306B 415,27 347,27 762,54
307B 214,12 315,78 529,90
311 230,01 163,62 478,00

2 7424

Total heat loss of the whole building = 21,70 kW
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B.1.4. Annual energy demand

| 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:

24. &y, 6. D
Qua =—F———

[kWh/year]
@is - @e

Where:
Qu,a ... annual heat demand [kWh/year]
@#L... heat loss of the object [kW]

€ ... correction factor for temperature reduction, shortening of heating time, non-
simultaneous heat loss of ventilation and transmission [-]

D ... number of day degrees [K.day]
Ois... average calculation indoor temperature [°C]

©e ... outdoor calculation temperature [°C]
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Wl = _{—:l_ |
My Mr 1is - ln
186.4 Glirok 0 181.4 Glirok
(I} — Thar = -
wis = 52 aohiok 50,4 MWhirok

Celkova rotni potieba energie na vytapéni a ohrev teplé vody
347.8 GJirok
Gr =0 WiTe ™ G'Ll'\.-'.r = }
96.6 MWh/rok

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 :

Ox=n.Qowp kWh
Where

Qgp ...is the heat consumed from the heater during one period per unit of measurement.
Qzr = 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.
Qzt=24.4,3=103,2 kWh

b) Heat lost during heating and distribution of hot water Qz, (kWh) according to the
relation:

Q:=Qat.2z

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)

Q2;=103,2.0,5=51,6 kWh
c) Total consumed and lost heat: Qzp = Qut + Q2. = 154,8 kWh

It is possible to consider the so-called time analysis of hot water consumption. For
apartment buildings, the standard CSN 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 | got Qip,which is heat provided by the heater to heat the
water during one period. Qip = 156,52 kWh. And the largest possible difference between
the supply curve and the consumption curve AQmax = 38,7 kWh.

e) The volume of storage heater V, (m3), according to CSN 06 0320:
VZ = AQmax / (Cw. At)
Where

AQmax ... 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
At - difference between hot and cold water temperature (K), At =55 - 10 = 45 K.
V.= 38,7/(1,163 . 45)=0,7395 m3*=739,5 |
f) Nominal heat output for water heating Q; (kW) is determined according to the relation:
Q; = (AQ1/ tp)
Where

AQ1 ... 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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| chose indirect storage heater ENBRA NOR 750 with volume 744 |

N
mm mm kW Uh ztrata W
NOR 100 NOR100 99 512 B4 980 50 0,61 50 19 480 50 C
NOR 160 NOR160 157 40 1222 1290 &7 0,75 50 25 615 56 B
NOR 200 NOR200 196 S40 1473 1530 79 0,95 50 3 T&0 68 C
NOR 300 NOR300 304 TO0 1834 1472 117 1,45 50 48 1170 69 B
NOR 400 NOR400 385 TO0 1631 1472 137 18 50 57 1395 84 C
NOR 500 NORS00 473 700 1961 1738 189 1,9 50 [ 1580 99 C
I NOR 750 NOR7S0 744 950 2023 1990 259 37 100 99 2440 123 c I
NOR 1000 NOR1000 970 1050 2050 2025 322 45 100 110 271S 142 c

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.

Figure 28-Parameters of storage heater ENBRA NOR 750[43]

Heat output of the heat source is designed according to CSN 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, Qerir2 )

Qerip1 = 0,7Qvyr + 0,7Qvzr + QTV

Qprip1 = 0,7*%21,7+0,7*0+ 6,522 = 21,712 kW

Qprip2 = Qvyr + Qvzr = 21,7 + 0=21,7 kW

Qerip = max.( Qerip1, Qerir2) = 21,712 KW
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Where

Qerip - cOnnection value [kW]

Qerip1 - connection value for heating with intermittent ventilation and preparation of
hot water [kW]

Qerir2 - connection value for heating with permanent ventilation [kW]
Quyt - required output for heating [kW]

Quzr - required output for air conditioning [kW]

Qv - required output for hot water preparation [kW]

In this diploma thesis | 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.

| 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 facade, 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
cm?/1 kW of boiler output and it should be at least 20 cm?.

So, | suggest opening with an area of 220 cm? and diameter of about 170 mm.
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Figure 29-Automatic boiler for wood KP 21 [44]

Jmenaovity vykon 20 kw

Wykonovy rozsah 8,6-25 kw

Spotieba paliva 1,9-6,6 x hod -1
Uginnost 90,9 %

Teplota spalin 101-141°C
Minimélni provozni tah komina & Pa

Doporucena teplota topné vody 55-80°C

Hmoktnosk 335 kg

Rozmery 693 x 1100 x 1440 mm
EL pfikan (2 motory, ventilator) 193 W

Pripojovaci napaki

230V AC £10%, 50Hz + 2Hz

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 m?, 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.

122



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.

200008

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

0o
o e
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 /m?3) and dynamic load caused by pneumatic filling from
the tank.

The fixed silo has an area of 6,1 m? from which | calculated the possible used volume for
pellet in the fixed silo.

V=6,1%2,840*(2/3)=11,55m3

B.3.1.b. Annual fuel consumption and fuel storage design — basic determination

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 Ml/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/dm3

Volume needed for storage of wood pellets = 35617 dm’ /year

Volume needed for storage of wood pellets = 35,6 m3/year

Checking of fixed silo volume

Volume used for pellets in fixed silo = 11,55 m®

Number of refilling of the pellet warehouse in the

fixed silo = 3 times/year
Pellets weight per one refilling = 7,36 ton/refilling

B.3.1.c. Design of storage tank for variant A
When designing the storage tank, | 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 x50 | = 1100 |.

| chose storage tank LMG 1200 0V, that will be insulated using PU foam.
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Figure 33-storage tank LMG 1200 0V [47]

LMG 1200 0V without coil

Volume Total Height Diameter
1200 litres 1882 mm 900 mm
Coils -

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]

| 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.
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Obr. 5 Bivalentni bod, wkonové kivky lepalnyeh derpadel WPL ... AR pfl wistupni leplotd 55 °C a modulaci
100 %
Q  Potieba lepelného vykonu A characteristic of the apartment building which represents
Vankovni teplota half of the heat loss (as two heat pumps will be used)

T
1 Kiiviy tepeiného vykonu WPL 6 AR
2 Kiivky tepeiného wykonu WPL 8 AR

4 Kiiviy lepelného vykonu WPL 14 AR |

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°C 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.
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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 ° Cis 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
| 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, | 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 I.
Vmax =20x 21,7 =4401.

| chose storage tank PS 400 K+ of volume 403 |, from company Regulus.

Technické udaje

Celkovy objem nadrzi 403 |
Max. teplota v nadrZi 95°C
Max. tlak v nadrzi 4 bar
Nadrz S235JR
Izolace pla&té nadrze flis
Vnéjsi povrch izolace plasté koZenka

Izolace dna a vrchni ¢asti nadrze flis

Rozméry, klopna vyska a hmotnost

Primér nadrze 600 mm
Pramér nadrZe s izolaci 800 mm
Celkova vyska nadrie 1665 mm
Klopna vyska bez izolace 1700 mm
Tloustka izolace plasté nadrze 100 mm
Tloustka izolace dna nadrze 50 mm
Tloustka izolace vrchni ¢asti nadrze 120 mm
Hmotnost nadrze bez izolace 65 kg

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 K¢
Other costs:

pellet feeder(of length 1,8m)= 10 000 K¢
Damping curtain = 1653 K¢
Connecting pipe in the filling opennings = 2 676 K¢
Installation = 30 000 K¢
OSB boards, supporting angles = 20 000 K¢
Total costs (of pellet boiler and its installation) 158 709 K¢

128



Annual price of pellets and its delivery

| chose company biomac for ordering pellets(WOOD PELLETS STANDARD - TANK)
Price of pellets per 1ton = 5890 K¢/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 Ké/refilling
Total cost of pellets including delivery per year = 130066 Ké/year

2) Heat pumps economical evaluation:

Calculation of costs of heat pumps Logatherm WPL 14 AR Comfort and their installaion

Cost of one heat pump Logatherm WPL 14 AR Comfort = 240000 K¢
Cost of two heat pumps Logatherm WPL 14 AR Comfort = 480 000 K¢
Installation and earthwork = 15000 K¢
Concrete base and gravel = 3000 K¢
Total costs(of heat pumps and their installation) = 498 000 K¢

Annual consumption price calculation
Annual energy consumption of two pumps =
Price of elektricity per kWh =

Annual cost of electricity =

19436 kWh/year
2,95 K¢&/kWh
57336 K¢

3) Summary of costs:

Wood pellet Air source heat
boiler pump
Annual fuel
. 22,08 ton/year 19,4 KWh/year
consumption
Annual fuel
ua’ tuet. 130051 K¢ 57336 K¢
consumption price
Cost of boiler/pumps 94 380 K¢ 480000 K¢
Other costs including
. . 64 329 K¢ 18 000 K¢
installation
Total annual cost in . .
. 288 760 K¢ 555 336 K¢
first year
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overview of total costs

1800 000
1 600 000
1400 000
__ 1200000
2 1000000
.§ 800 000 —@— Wood pellet boiler
. 600 000 / Air source heat pump
400 000
200 000
0
o0 1 2 3 4 5 6 7 8 9 10 11
Number of years
Figure 38- overview of total costs of both variants of heat source
Wood pellet Air source heat pump
Annual operating costs 130051 K¢ 57 336 K¢
Acquisition costs 158 709 K¢ 498 000 K¢
Payback = investment cost/ difference of annual costs = 7 years

Conclusion: since payback period is 7 years and life span of heat pumps and wood pellet
boilers according to CSN 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 CO;
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 CO; as it produces when it is burnt, resulting in zero CO;
balance. Biomass wood pellets are therefore a CO»-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 CO, emitted for electricity generation, which is required
to run both air source heat pumps is :

19,44 MWh/year

220% x 0,86t 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 CO;z-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 m? 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 Co;z 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.

| 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.
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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, | used the calculation of the mean radiator temperature and surface temperature
of the window, from which | subsequently determined temperature drop.

The largest window in the apartment building with the following parameters was selected
for the calculation.

o= 8 W/m2K

Uw =0,7 W/mZK

ti=20°C

te =-15°C

Hw=1,45m Lw=2,3 m (of window)

Hor=0,9m Lor=2,2 m (of radiator)

Calculation of surface temperature of window ty

Uw - (ti—te) = atiw - (ti—tw)

0,7 .(20+15) =8.(20-ty) =/ tw= 16,94 °C
Calculation of mean radiator temperature totm

Lot.Hot.( tot,m -ti) = Lw.Hw.(ti-tw)

2,2.0,9 .(tn-20) 22,3 .1,45 . (20-16,94) =—x=— totm 2 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, | 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, | 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 Qqeal

Qreal=Qr- @21+ 2223 [W]

Where:

Qr

o ..... coefficient considering the way of connection of the radiator

Z1 .

..... heat output of radiator in design conditions

.... coefficient for the adjustment of the surroundings (cover, placement under the

window sill, etc.)

Z2 .

Z3 .

.... coefficient per number of elements

.... coefficient for the location of the radiator in the room

The following must be fulfilled : 2Qreal > Qr

When choosing the radiators, | 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
Heat losses Radiator Real
- ti of the ] No. Of | output radiator
Branch | Room No. [ Description of the room Q)| room Qu, Type of radiator pieces | 55/45 21 (22 | z3 output
(w) (W) Qreal (W)
B3 S101  |Corridor 15 44,21 not needed
B3 S102  |Storeroom 15 -49,50 not needed
B3 S103 . 20 | 1283,01 Radik 22 VKL - 600/1500 1 1358 111 1 1358
Technical room
B3 S104  |Toilet 20 181,01 Radik 10 VK - 600/700 1 218 111 1 218
B3 S105 |Privat gym for inhabitants | 20 531,77 Radik 11 VKL -600/1200 1 615 111 1 615
B3 $106  |Privat gym for inhabitants | 20 708,37 Radik 11 VKL - 700/2000 1 715 111 1 715
B3 S$107 |Corridor 15 72,65 not needed - - - - - -
B3 S108 |staircase 10 263,63 Radik 10 VKL - 700/1100 1 393 111 1 393
3299
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First floor

Heat losses Radiator Real
- ti of the i No. Of | output radiator
Branch | Room No. | Description of the room ('€)| room Qu, Type of radiator pieces | 55/45 z1 (22| 23 output
(w) (W) Qreal (W)
B2 101A |Vestibule 20 261,68 Radik 10 VK - 600/700 1 359 1 1 1 359
B2 102A  |Washing machine room 20 92,18 not needed - - - - - -
B2 103A |Toilet 20 52,51 not needed - - - - - -
. L Radik 10 VKL - 600/1600 499
B2 104A  |Kitch dl 20 851,12 1 1 1 1 936
ftehen anc fiving room ’ Radik 10 VKL - 600/1400 437
B2 105A  |Bathroom 24 236,80 |Koralux linear classic M - 1220/450 1 243 1 1 1 243
Radik 10 VK - 600/1200 374
B2 106A  |Bedroom 20 669,89 Radik 10 VK - 600/1200 1 374 1 1 1 748
B2 107A  |Bedroom 20 528,05 Radik 10 VKL - 700/1600 1 572 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 1 359
B1 102B  |Washing machine room 20 106,47 not needed
B1 103B [Toilet 20 84,82 not needed - - - - - -
) . Radik 10 VK - 600/1600 499
B1 104B  |Kitch dl 20 1052,00 1 1 1 1 1012
ftehen and fiving room ’ Radik 11 Vk - 600/1000 513
B1 105B  [Bathroom 24 436,90 |Koralux linear classic M - 1500/750 1 487 1 1 1 487
Radik 10 VKL - 600/1600 499
B1 106B  |Bedroom 20 851,11 Radik 10 VKL - 600/1200 1 374 1 1 1 873
Bl 107B  |Bedroom 20 610,44 Radik 11 VK - 600/1200 1 615 1 1 1 615
B1 109 Entrance vestibule 0 -174,60 not needed - - - - - -
6204
Second floor
Heat losses Radiator Real
- ti | ofthe , No. Of | output radiator
Branch | Room No. |Description of the room ('€)| room Qu,, Type of radiator pieces | 55/45 z1 (22| 23 output
w) w) Qeat (W)
B2 201A |Vestibule 20 247,81 Radik 10 VK - 700/700 1 250 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 1 499 1 1 1 842
: ving ' Radik 10 VKL - 600/1100 343
B2 205A |Bathroom 24 240,90 |Koralux linear classic M - 1220/450 1 243 1 1 1 243
Radik 10 VK - 600/1200 374
B2 206A |Bed 20 669,89 1 1 1 1 748
edroom ' Radik 10 VK - 600/1200 374
B2 207A  |Bedroom 20 445,65 Radik 10 VKL - 600/1600 1 499 1 1 1 499
B3 208 Staircase 10 -134,28 not needed - - - - - -
Bl 201B [Vestibule 20 247,81 Radik 10 VKL - 700/700 1 250 1 1 1 250
B1 202B |Washing machine room 20 88,09 not needed
B1 203B [Toilet 20 52,51 not needed - - - - - -
Bl 204B  |Kitchen and living room 20 822,39 Radik 10 VK - 600/1600 1 499 1 1 1 842
: ving ' Radik 10 Vk - 600/1100 343
Bl 205B  |Bathroom 24 240,90 |Koralux linear classic M - 1220/450 1 243 1 1 1 243
Radik 10 VKL - 600/1200 374
B1 206B  (Bed 20 669,89 1 1 1 1 748
edroom ' Radik 10 VKL - 600/1200 374
B1 2078 |Bedroom 20| 44565 Radik 10 VK - 600/1600 1 499 1 (1] 1 499
B3 211 [Laundry room 15 | 404,27 Radik 10 VK - 600/1600 1 499 1 (1] 1 499
5663
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Third floor

Heat losses Radiator Real
. ti of the ) No. Of | output radiator
Branch | Room No.| Description of the room ()| room Q, Type of radiator pieces | 55/45 71|22 23 | O® output
(w) (W) Qe (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 - - - - - - -
Radik 10 VKL - 700/1800 643
B2 304A Kitchen and living room 20| 144542 Radik 11 VKL - 700/1400 1 815 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 1 437 1 1 1 1 811
! Radik 10 VK - 600/1200 374
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 - - - - - - -
) . Radik 10 VK - 700/1800 643
B1 304B  [Kitchen and living room 20 1445,42 Radik 11 Vk - 700/1400 1 815 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 3068 20 762,54 Rad!k 1OVKL-600/1400 1 437 1 1 1 1 811
Bedroom Radik 10 VKL - 600/1200 374
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
)3 7457
Lo Total output
Branches | Description
[kW]
B1 Eastern flats 9,407
B2 Western flats 8,919
B3 Comunal areas 4,297
Total 22,623
B.4.3. Used heating surfaces
o Steel panel radiator KORADO RADIK VK
o (@0)
Efe - ,
T right bottom
=1
Et+e (ax]
1

Figure 39- Steel panel radiator Korado Radik VK[50]
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Figure 40- connection of radiator Radik VK to the



Overview of types

Technical data

300, 400, 500, 600, 700
Height H
900 mm

Type 10 VK

400, 500, 600, 700, BOO

900, 1000, 1100, 1200,
Length L

1400, 1600, 1800, 2000

2300, 2600, 3000mm

WH

Type 11 VK Type 10 VK AT mm
fpa 11 W 63 mm

Depth B

66 mm

66 mm
y 100 mm
Type VI 155mm
Connecting pitch S0mm

Connecting thread B = 31/2" inside

Hi )
ighest allowed working 10 bar
pressure

Highest allowed 110 °C
working temperature

R ey

Radiator connection right bottom

Figure 41-technical data of Korado Radik VK radiator[50]

o1
E ar)

it

e Steel panel radiator RADIK VKL

left bottom
p=1

Figure 42-Steel panel radiator Radik VKL[50] Figure 43-Radiator Radik VLK connection to the heating

system[50]
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Overview of types

Type 10 VKL
ﬂ_—ﬁ“_Tl
Type 11 VKL
] || LTI e -
Type 21 VKL

Type 22 VKL

Type 33 VKL

ahBhBBERL

Technical data

300, 400, 500, 800, 700,
D00 mm

Height H

400, 500, 600, 700, BOO,
800, 1000, 1100, 1200,
1400, 1800, 1300, 2000,
2300, 2800, 3000 mm

47 mm
B3 mm
BEmm
100mm
1585mm
Connecting pitch 50mm
Connecting thread B = G1/2" inside
High i
ighest allowed working 10 bar
pressure
Highest allowed
. 110 *C
working temperature
Radiator connection left bottom

Figure 44-technical data of Korado Radik VKL radiator[50]

Figure 45- thermostatic head Heimeier - Type DX[50]

e Towel rail radiator KORALUX LINEAR CLASSIC- M
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KLCM 700...

KLCM 1220... KLCM 1500... KLCM 1820...

Figure 46-Radiator Koralux linear classic — M[51]

Type of Connection
KORALUX LINEAR CLASSIC - M

*For radiators with the bottom middle connection you can use the integrated
connection fittings HM delivered togethear with a thermostatic head (see page 39).

Figure 47- connection of radiator Koralux Linear classic — M[51]

Technical Data

700, 900, 1220, 1500,
1820 mim

Length L 450, 500, 600, 750 mm
Depth B 30 mm

Connecting pitch (KLC) h=L-30mm
Connecting pitch (KLCM) 50 mm

Connecting thread (KLC) 4 ¥ G 1/2 ingide
Connecting thread (KLCM) 6 x G 1/2 ingide

Highest allowed
working pressure

10 bar

Test presure 13 bar

Maximum water
110 *C
temperature

Flow coefficient (KLC) A, =21x107 m?
Flow coefficient (KLCM) A =71x10%m?

Coefficient of resistance (KLC) £=18
Coefficient of resistance (KLCM) [yl Ry]

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 * At) [kg/h]
Where Q ..... heat output[W]
c.....specific thermal capacity of water[J/kg.K]
At.....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
AP =A.2 2 p =R
Where Apy ... friction pressure losses [Pa]
R ... specific pressure loss [Pa/m]
L ... section length [m]
A ... 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]
p ... water density [kg /m?3]
To calculate the pressure loss due to friction, | used online software on TZB - info website.
Pressure loss was calculated for average temperature 50°. [52]

Local resistance pressure loss

Z=0p¢ = 5620

Where Z, Aps ... pressure loss by local resistances [Pa]
¢ ... local resistance factor [-]

w ... water velocity in the pipe [m /s]
p ... 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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Two-pipe heating system
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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 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. I (m) Q M DN R w R*l 3 z Valve setting TRV/HM Apgy R*I+Z + Dpps
(W) | (kg/n) | (Dxt)| (Pa/m) | (m/s) | (Pa) | (-) | (Pa) (Pa) | Bpgy (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
17,4 1458 125,569 15x1 102 0,27 | 17748 4,69 | 170,95 1945,75 | 3551,37
13,89 3479 299,627| 22x1 58,6 0,27 | 813,95 16,09 [ 586,48 2000 [ 340043 | 6951,81
Heat meter Sharky 774(DN 20) Apgy = 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) Apgy = 2500 [Pa
Filter(DN25) Apgy = 4930 [Pa 20341,07
Three way valve (DN20) Dpgy = 9441 |Pa 29781,78
Local resistance § (-)
radiator connection elbow x 8 connection division enlargement narrowing KK 2
1 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
3 elbow x 2 connection division enlargement narrowing z
2,6 0,6 1,3 0,15 0,04 4,69
3 elbow x 10 connection division enlargement narrowing KKx4 5
13 0,6 0,3 0,15 0,04 2 16,09
connection division 3
4 0,6 0,3 0,90
S VKx4 ZKx1 elbow x 12 collector and distributer entrance collector and distributer exit KKx4 z
2 4,3 15,6 1 0,5 2 25,40
Dimensioning of section to radiator 10-VKL 700/1800 in room 304 A
Sec. No. Q M DN R w R*I 13 z Valve setting  TRV/HM Apgy R*I4+Z + Bpps
M w) | kem) |oxt) | pa/m) | (mss) | Pa) | () | (pa) ®a) | B | (Pa)
6 18 815 70,1914 15x1 32,1 0,15 57,78 | 18,29 | 205,76 [ TRV(7) | 263,54 263,54
Design of presetting of valve of radiator
1605,62 - 263,54 = 1342,08 Pa |Presetting according to diagram (7)
Local resistance § (-)
connection
6 radiator valvex2 elbow x 4 connection division enlargement narrowing KK 2
3 8 52 0,6 13 0,15 0,04 18,29
Dimensioning of circuit to radiator 10 -VK 600/1400 in room 306 A
Sec. No. I (m) Q M DN R w R*l 3 z Valve setting TRV/HM Apgy R*I+Z + Apps
(W) | (kg/n) | (Dxt)| (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpy (Pa)
7 513 437 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 |53044( 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
Design of presetting of valve of radiator
3551,37 - 2553,51 = 997,86 Pa Presetting according to diagram (4)
Local resistance § (-)
radiator connection elbow x 8 connection division enlargement narrowing KK 2
7 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
s connection division enlargement narrowing )3
0,6 0,3 0,15 0,04 1,09
9 elbow x 2 connection division enlargement narrowing z
2,6 0,6 0,3 0,15 0,04 3,69
10 connection division enlargement narrowing z
0,6 0,3 0,15 0,04 1,09
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Dimensioning of section to radiator 10-VK 600/1200 in room 306 A

Sec. No. I (m) Q M DN R w R* 13 z Valve setting TRV/HM| Ap,, R*I4Z + Apps
W) | (ke/n) [(Oxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) Pa) | Bpey (Pa)
11 5,156 374 32,2105| 10x1 60,2 0,18 |310,39| 18,29 | 296,30 | TRV(3) | 606,69 606,69
Design of presetting of valve of radiator
1966,90 - 606,69 = 1360,21 Pa |Presetting according to diagram (3)
Local resistance § (-)
connection
1 radiator |valvex2 elbow x 4 connection division enlargement narrowing KK z
3 8 52 0,6 13 0,15 0,04 18,29
Dimensioning of section to radiator KLC-M 900/750 in room 305A
Sec. No. I (m) Q M DN R w R*| 3 z Valve setting TRV/HM| Ap,, R*I4Z + Bpps
W) | (ke/n) [(Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) Pa) | Bpey (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 14 638 54,9474| 12x1 76,3 0,20 |106,82| 2,09 | 41,80 148,62 616,91
Design of presetting of valve of radiator
2775,96 - 616,91 2159,05 Pa Presetting according to diagram (0,5)
Local resistance § (-)
radiator connection elbow x 10 connection division enlargement narrowing KK z
12 valvex2
2,5 8 13 0,6 13 0,15 0,04 25,59
13 connection division enlargement narrowing 3
0,6 13 0,15 0,04 2,09
Dimensioning of section to radiator 10-VK 600/700 in room 301A
Q M DN R R*| 13 z A REZ+ A
w : Prv Pois
Sec. No. I (m) Valve setting TRV/HM A
(w) (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | (-) (Pa) (Pa) (z':; (Pa)
14 3,55 359 30,9187| 10x1 51,4 0,17 182,47 | 17,29 | 249,84 | TRV(2) | 432,31 432,31
Design of presetting of valve of radiator
2627,34 - 432,31 = 2195,03 Pa |Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK
14 valvex2
3 8 52 0,6 0,3 0,15 0,04 17,29
Dimensioning of section to radiator 10-VKL 700/1600 in room 307A
Q M DN R R* 3 z A Rz + A
w : Prv Pois
Sec. No. I (m) Valve setting  TRV/HM A
(w) (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | (-) (Pa) (Pa) (z':; (Pa)
15 12,8 572 49,2632| 12x1 56,9 0,18 | 728,32 23,49 | 380,54 [ TRV(3) | 1108,86 | 1108,86
Design of presetting of valve of radiator
3421,71 - 1108,86 = 2312,85 Pa |Presetting according to diagram (3)
Local resistance § (-)
radiator connection elbow x 8 connection division enlargement narrowing KK z
15 valvex2
3 8 10,4 0,6 13 0,15 0,04 23,49

144




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. I (m) Q M DN R w R*I 3 z Valve setting  TRV/HM| Ap,, R*I+Z + Bpps
(W) | (ke/h) [ (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpry (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
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) Apgy = 2000 (Pa
4 6,42 6061 522 |[28x1,5| 53,2 0,3 341,54| 09 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) Apgy = 2900 (Pa
Filter(DN25) Dpey = B0 |, 17827,87
Three way valve(DN20) Apgy = 4102 |Pa 21930,24
Local resistance § (-)
radiator connection elbowx 8 connection division enlargement narrowing KK 2
1 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
) elbow x 2 connection division enlargement narrowing 3
2,6 0,6 1,3 0,15 0,04 4,69
3 elbow x 10 connection division enlargement narrowing KKx4 5
13 0,6 0,3 0,15 0,04 2 16,09
4 connection division 3
0,6 0,3 0,90
5 VKx4 ZKx1 elbow x 12 collector and distributer entrance collector and distributer exit KKx6 b3
2 4,3 15,6 1 0,5 3 26,40
Dimensioning of section to radiator 10-VK 700/1800 in room 304 B
Sec. No. M DN R w R*l 3 z Valve setting  TRV/HRS R*I+Z + Apps
I (m) (3) (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | (-) | (Pa) Bpey | Dpay (Pa)
(Pa) (Pa)
6 1,8 815 70,1914| 15x1 32,1 0,15 57,78 | 18,29 [ 205,76 | TRV(7) | 263,54 263,54
Design of presetting of valve of radiator
1605,62 - 263,54 = 1342,08 Pa Presetting according to diagram (7)
Local resistance § (-)
radiator connection elbowx 4 connection division enlargement narrowing KK 2
6 valvex2
3 8 52 0,6 1,3 0,15 0,04 18,29
Dimensioning of circuit to radiator 10 -VKL 600/1400 in room 306 B
Sec. No. I (m) Q L\ DN R w R* 3 z Valve setting  TRV/HM| Ap,, R*I+Z + Apps
(W) | (kg/h) [ (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpry (Pa)
7 5,13 437 37,6364 10x1 92,3 0,21 | 473,13 22,49 | 49590 [ 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
Design of presetting of valve of radiator
3551,37 - 2553,51 = 997,86 Pa Presetting according to diagram (4)
Local resistance § (-)
radiator connection elbowx 8 connection division enlargement narrowing KK 2
7 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
s connection division enlargement narrowing z
0,6 0,3 0,15 0,04 1,09
9 elbow x 2 connection division enlargement narrowing )3
2,6 0,6 0,3 0,15 0,04 3,69
10 connection division enlargement narrowing z
0,6 0,3 0,15 0,04 1,09
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Dimensioning of section to radiator 10-VKL 600/1200 in room 306 B

Sec. No. 1 (m) Q M DN R w R*l 3 z Valve setting  TRV/HM Apgy R*I+Z + Dpps
(W) | (ke/h) [(Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpey (Pa)
11 5,156 374 32,2105| 10x1 60,2 0,18 |310,39( 18,29 | 296,30 | TRV(3) | 606,69 606,69
Design of presetting of valve of radiator
1966,90 - 606,69 = 1360,21 Pa | Presetting according to diagram (3)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK 2
11 valvex2
3 8 5,2 0,6 1,3 0,15 0,04 18,29
Dimensioning of section to radiator KLC-M 900/750 in room 305B
Sec. No. 1 (m) Q M DN R w R*l 3 z Valve setting  TRV/HM Apqy R*I+Z + Apps
(W) | (ke/h) [(Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpey (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
Design of presetting of valve of radiator
2775,96 - 616,91 = 2159,05 Pa Presetting according to diagram (0,5)
Local resistance § (-)
radiator connection elbow x 10 connection division enlargement narrowing KK 2
12 valvex2
2,5 8 13 0,6 1,3 0,15 0,04 25,59
13 connection division enlargement narrowing )3
0,6 1,3 0,15 0,04 2,09
Dimensioning of section to radiator 10-VKL 600/700 in room 301B
*
Sec. No. 1 (m) Q M DN R w R™ § z Valve setting TRV/HM Bpry Rz + Bpois
(W) (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | (-) (Pa) (Pa) Apry (Pa)
14 3,55 359 30,9187| 10x1 51,4 0,17 |182,47| 17,29 | 249,84 | TRV(2) | 432,31 432,31
Design of presetting of valve of radiator
2627,34 - 432,31 = 2195,03 Pa | Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK
14 valvex2
3 8 5,2 0,6 0,3 0,15 0,04 17,29
Dimensioning of section to radiator 10-VK 700/1600 in room 307B
| Q M DN R w R*| 13 z val i TRV/HM Apgy RAZ+ Apps
secNo- | LM w) | kerh) |(0xt) | (Parm) | (mjs) | (Pa) | () | (pa) |VEVESCTHNE ea | o | e
15 12,8 572 49,2632| 12x1 56,9 0,18 | 72832 23,49 | 380,54 | TRV(3) | 1108,86 | 1108,86
Design of presetting of valve of radiator
3421,71 - 1108,86 = 2312,85 Pa | Presetting according to diagram (3)
Local resistance § (-)
radiator connection elbow x 8 connection division enlargement narrowing KK
15 valvex2
3 8 10,4 0,6 13 0,15 0,04 23,49
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. I (m) Q ] DN R w R*I 3 z Valve Heat meter Apry R*I4+Z + Appis
(w) (kg/h) | (Dxt) | (Pa/m) | (m/s) (Pa) (-) (Pa) |[setting |Sharky 774 (Pa) Apgy (Pa)
TRV/HM |(DN20)(Pa) (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
7,5 2582 222,373 18x1 99,6 0,31 747 | 14,49 | 696,24 1200 2643,24 | 5881,06
6951,81 - 5881,06 = 1070,75 Pa Setting according to diagram from the catalogue TRV(3)
Local resistance § (-)
radiator connection elbow x 8 connection division enlargement narrowing KK b3
1 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
) elbow x 2 connection division enlargement narrowing 3
2,6 0,6 1,3 0,15 0,04 4,69
3 elbow x 8 connection division enlargement narrowing KKx4 5
10,4 0,6 1,3 0,15 0,04 2 14,49
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Dimensioning of section to radiator 10-VKL 600/1600 in room 204 A

Sec. No. I (m) Q L\ DN R w R*| 3 z Valve setting  TRV/HRS Apgy R*I4Z + Apps
(W) | (ke/n) | (Dxt)| (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpry (Pa)
(Pa)
4 18 499 42,9761| 12x1 34,4 0,15 61,92 | 18,29 [ 205,76 [ TRV(4) | 267,68 267,68
Design of presetting of valve of radiator
1818,44 - 267,68 = 1550,76 Pa Presetting according to diagram (4)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK z
4 valvex2
3 8 52 0,6 13 0,15 0,04 18,29
Dimensioning of circuit to radiator 10 -VK 600/1200 in room 206 A
Sec. No. I (m) Q M DN R w R*| 3 z Valve setting TRV/HM| Ap,, R*I4Z + Apps
(W) | (ke/n) [(Dxt)| (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpry (Pa)
(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
Design of presetting of valve of radiator
4308,56 - 2041,29 = 2267,27 Pa Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbowx 8 connection division enlargement narrowing KK b3
5 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
6 connection division enlargement narrowing z
0,6 0,3 0,15 0,04 1,09
7 elbow x 2 connection division enlargement narrowing 3
2,6 0,6 0,3 0,15 0,04 3,69
s connection division enlargement narrowing z
0,6 0,3 0,15 0,04 1,09
Dimensioning of section to radiator 10-VK 600/1200 in room 206 A
Sec. No. I (m) Q M DN R w R*l 3 z Valve setting  TRV/HM| Ap,, R*I+Z + Bpps
(W) | (ke/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpry (Pa)
(Pa)
9 5,156 374 32,2105( 10x1 60,2 0,18 310,39 18,29 | 296,30 [ TRV(2) | 606,69 606,69
Design of presetting of valve of radiator
2951,51 - 606,69 = 2344,82 Pa Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbowx 4 connection division enlargement narrowing KK b3
9 valvex2
3 8 52 0,6 13 0,15 0,04 18,29
Dimensioning of sections to radiator KLC-M 1220/450 in room 205A
Sec. No. I (m) Q M DN R w R*l 3 z Valve setting  TRV/HM Apgy R*I4Z + Apys
(W) | (ke/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpw | (Pa)
(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 14 493 42,4593 10x1 134 0,24 187,6 | 2,09 60,19 247,79 664,92
Design of presetting of valve of radiator
3649,94 - 664,92 = 2985,02 Pa Presetting according to diagram (0,5)
Local resistance § (-)
radiator connection elbow x 10 connection division enlargement narrowing KK 2
10 valvex2
2,5 8 13 0,6 1,3 0,15 0,04 25,59
1 connection division enlargement narrowing b3
0,6 1,3 0,15 0,04 2,09
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Dimensioning of section to radiator 10-VK 700/700 in room 201A

R*I+Z +
Sec.No. | | (m) Q M DN R w R™ § Z  |valve setting  TRV/HM Apey Apgy APois
(W) (kg/h) [ (Dxt) | (Pa/m) [ (m/s) | (Pa) | (-) (Pa) (Pa) (Pa) (Pa)
12 3,55 250 21,5311 10x1 32,8 0,12 |116,44| 17,29 | 124,49 | TRV(1) | 240,93 240,93
Design of presetting of valve of radiator
3402,15 - 240,93 = 3161,22 Pa | Presetting according to diagram (1)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK
12 valvex2
3 8 5,2 0,6 0,3 0,15 0,04 17,29
Dimensioning of section to radiator 10-VKL 600/1600 in room 207A
| Q M DN R w R*| § z Val ti TRV/HM Bpgy Rz Apy;s
secNo- | LM w) | kerh) |(0xt) | (Parm) | (mjs) | (Pa) | () | (pa) |VEVESCTHNE ea | o | e
13 12,8 499 42,9761| 12x1 34,4 0,15 |440,32| 23,49 | 264,26 | TRV(2) | 704,58 704,58
Design of presetting of valve of radiator
4206,62 - 704,58 = 3502,04 Pa | Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbowx 8 connection division enlargement narrowing KK
13 valvex2
3 8 10,4 0,6 13 0,15 0,04 23,49
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. 1 (m) Q M DN R w R*l 3 z Valve Heat meter Apgy R*|+Z + Dpps
(w) (kg/h) | (Dxt) [ (Pa/m) (m/s) (Pa) (-) (Pa) |setting |Sharky 774 (Pa) Apgy (Pa)
TRV/HM ((DN20)(Pa) (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 | 15852 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
6951,81 - 588,06 = 1070,75 Pa Setting according to diagram from the catalogue TRV(3)
Local resistance § (-)
radiator connection elbow x 8 connection division enlargement narrowing KK b3
1 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
) elbow x 2 connection division enlargement narrowing 3
2,6 0,6 13 0,15 0,04 4,69
3 elbow x 8 connection division enlargement narrowing KKx4 b3
10,4 0,6 13 0,15 0,04 2 14,49
Dimensioning of section to radiator 10-VK 600/1600 in room 204 B
Sec. No. 1 (m) Q M DN R w R*l 3 z Valve setting TRV/HRS Apry R*I+Z + Appis
(W) | (ke/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpay (Pa)
(Pa)
4 1,8 499 42,9761| 12x1 34,4 0,15 61,92 | 18,29 | 205,76 | TRV(4) | 267,68 267,68
Design of presetting of valve of radiator
1818,44 - 267,68 = 1550,76 Pa Presetting according to diagram (4)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK 2
4 valvex2
3 8 5,2 0,6 1,3 0,15 0,04 18,29
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Dimensioning of circuit to radiator 10 -VKL 600/1200 in room 206 B

Sec. No. I (m) Q M DN R w R*| 3 z Valve setting TRV/HM| Ap,, R*I4+Z + Dpps
(W) | (ke/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpay (Pa)
(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
Design of presetting of valve of radiator
4308,56 - 2041,29 = 2267,27 Pa Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbowx 8 connection division enlargement narrowing KK b3
5 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
6 connection division enlargement narrowing z
0,6 0,3 0,15 0,04 1,09
7 elbow x 2 connection division enlargement narrowing 3
2,6 0,6 0,3 0,15 0,04 3,69
8 connection division enlargement narrowing z
0,6 0,3 0,15 0,04 1,09
Dimensioning of section to radiator 10-VKL 600/1200 in room 206 B
Sec. No. 1 (m) Q M DN R w R*l 3 z Valve setting TRV/HM| Ap,, R*+Z + Apps
(W) | (ke/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpry (Pa)
(Pa)
9 5,156 374 32,2105[ 10x1 60,2 0,18 |[310,39] 18,29 | 296,30 | TRV(2) | 606,69 606,69
Design of presetting of valve of radiator
2951,51 - 606,69 = 2344,82 Pa Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK 2
9 valvex2
3 8 52 0,6 13 0,15 0,04 18,29
Dimensioning of sections to radiator KLC-M 1220/450 in room 205B
Sec. No. I (m) Q M DN R w R* 3 z Valve setting TRV/HM| Ap,, R*I+Z + Dpps
W) | (ke/) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) ®a) | Bew | (Pa)
(Pa)
10 7,1 243 20,9282 | 10x1 32,8 0,12 |232,88]) 2559 | 184,25 HM(0,5) 417,13 417,13
11 14 493 42,4593 [ 10x1 134 0,24 187,6 | 2,09 | 60,19 247,79 664,92
Design of presetting of valve of radiator
3649,94 - 664,92 = 2985,02 Pa Presetting according to diagram (0,5)
Local resistance § (-)
radiator connection elbowx 10 connection division enlargement narrowing KK 2
10 valvex2
2,5 8 13 0,6 13 0,15 0,04 25,59
1 connection division enlargement narrowing )3
0,6 13 0,15 0,04 2,09
Dimensioning of section to radiator 10-VKL 700/700 in room 201B
R¥*+Z +
Sec.No. | | (m) Q M DN R W R™ § Z  |valve setting  TRV/HM APay Apgy APors
(W) (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) [ (-) (Pa) (Pa) (Pa) (Pa)
12 3,55 250 21,5311 10x1 32,8 0,12 |[116,44| 17,29 | 124,49 | TRV(1) | 240,93 240,93
Design of presetting of valve of radiator
3402,15 - 240,93 = 3161,22 Pa |Presetting according to diagram (1)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK
12 valvex2
3 8 5,2 0,6 0,3 0,15 0,04 17,29
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Dimensioning of section to radiator 10-VK 600/1600 in room 207B

R*I+Z +
Sec.No. | I (m) Q M DN R w R¥ § Z  |valve setting  TRV/HM BPay Apgpy Apos
(w) (kg/h) [ (Dxt) | (Pa/m) [ (m/s) | (Pa) | (-) (Pa) (Pa) (Pa) (Pa)
13 12,8 499 42,9761| 12x1 34,4 0,15 [440,32 | 23,49 | 264,26 | TRV(2) | 704,58 704,58
Design of presetting of valve of radiator
4206,62 - 704,58 = 3502,04 Pa |Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbow x 8 connection division enlargement narrowing KK
13 valvex2
3 8 10,4 0,6 13 0,15 0,04 23,49
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. 1 (m) Q M DN R w R*| 3 z Valve Heat meter Apgy R*I+Z + Apps
(w) (kg/h) | (Dxt) | (Pa/m) (m/s) (Pa) (-) (Pa) |[setting |Sharky 774 (Pa) Apgy (Pa)
TRV/HM |(DN20)(Pa) (Pa)
1 7,942 437 37,6364 12x1 233 0,13 [18505] 22,49 | 190,04 [ TRV(2) 375,09 375,09
2 17,4 936 80,6124 15x1 45,5 0,17 791,7 | 469 | 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
Design of presetting of radiator valve
7333,85 - 4449,58 = 2884,27 Pa Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbowx 8 connection division enlargement narrowing KK b3
1 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
5 elbow x 2 connection division enlargement narrowing )3
2,6 0,6 13 0,15 0,04 4,69
3 elbowx 8 connection division enlargement narrowing KKx4 5
10,4 0,6 13 0,15 0,04 2 14,49
Dimensioning of section to radiator 10-VKL 600/1600 in room 104 A
Sec. No. | Q M DN R w R¥l 13 z Valve setting TRV/HRS| Apgy R*I+Z + Bpps
™ w) | ke [©xt)| pasm) | (mis) | Pa) | @) | (pa) ®a) | oow | (P |
4 1,8 499 42,9761 12x1 34,4 0,15 61,92 | 18,29 | 205,76 | TRV(3) | 267,68 267,68
Design of presetting of valve of radiator
3259,36 - 267,68 = 2991,68 Pa |Presetting according to diagram (3)
Local resistance § (-)
radiator connection elbowx 4 connection division enlargement narrowing KK 2
4 valvex2
3 8 52 0,6 13 0,15 0,04 18,29
Dimensioning of circuit to radiator 10 -VK 600/1200 in room 106 A
Sec. No. 1 (m) Q M DN R w R*l 3 z Valve setting  TRV/HM Apry R*|+Z + Bpps
(W) | (keg/h) | (xt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) Pa) | BPev (Pa)
(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 | 11531 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
Design of presetting of valve of radiator
4118,83 - 2345,83 = 1773,00 Pa Presetting according to diagram (3)
Local resistance § (-)
radiator connection elbowx 8 connection division enlargement narrowing KK b3
5 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
6 connection division enlargement narrowing )3
0,6 0,3 0,15 0,04 1,09
7 elbow x 2 connection division enlargement narrowing 3
2,6 0,6 0,3 0,15 0,04 3,69
3 connection division enlargement narrowing )3
0,6 0,3 0,15 0,04 1,09
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Dimensioning of section to radiator 10-VK 600/1200 in room 106 A

Sec. No. 1 (m) Q M DN R w R*I 3 z Valve setting  TRV/HM| Ap,, R*I+Z + Bppys
(W) | (ke/h) [(Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Dby (Pa)
(Pa)
9 5,156 374 32,2105| 10x1 60,2 0,18 |310,39( 18,29 | 296,30 | TRV(2) | 606,69 606,69
Design of presetting of valve of radiator
2457,24 - 606,69 = 1850,55 Pa Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbowx 4 connection division enlargement narrowing KK 2
9 valvex2
3 8 5,2 0,6 1,3 0,15 0,04 18,29
Dimensioning of sections to radiator KLC-M 1220/450 in room 105A
Sec. No. 1 (m) Q M DN R w R*l 3 z Valve setting TRV/HM| Ap,, R*I4+Z + Dpps
(W) | (ke/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) Pa) | Bpey (Pa)
(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 14 602 51,8469| 12x1 66,1 0,19 92,54 | 2,09 37,72 130,26 562,58
Design of presetting of valve of radiator
3155,67 - 562,58 = 2593,09 Pa Presetting according to diagram (0,5)
Local resistance § (-)
radiator connection elbow x 10 connection division enlargement narrowing KK 2
10 valvex2
2,5 8 13 0,6 13 0,15 0,04 25,59
1 connection division enlargement narrowing )3
0,6 13 0,15 0,04 2,09
Dimensioning of section to radiator 10-VK 600/700 in room 101A
" R*I+Z +
Sec.No. | | (m) Q M DN R v R § Z  lvaie setting  TRV/HM Apay Apgy Apos
(W) (kg/h) [ (Dxt) | (Pa/m) [ (m/s) | (Pa) | (-) (Pa) (Pa) Pa) (Pa)
12 3,55 359 30,9187 10x1 51,4 0,17 | 182,47 (17,29 | 249,84 | TRV(2) | 432,31 432,31
Design of presetting of valve of radiator
3010,22 - 432,31 = 2577,91 Pa |Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbowx 4 connection division enlargement narrowing KK
12 valvex2
3 8 5,2 0,6 0,3 0,15 0,04 17,29
Dimensioning of section to radiator 10-VKL 700/1600 in room 107A
" R*I+Z +
Sec.No. | | (m) Q M DN R W R § Z  |valve setting  TRV/HM APay Apgpy Apors
(W) (kg/h) [ (Dxt) | (Pa/m) [ (m/s) | (Pa) | (-) (Pa) (Pa) (Pa) (Pa)
13 12,8 572 49,2632 12x1 56,9 0,18 |728,32| 23,49 | 380,54 | TRV(3) | 1108,86 | 1108,86
Design of presetting of valve of radiator
3802,19 - 110886 = 2693,34 Pa |Presetting according to diagram (3)
Local resistance § (-)
radiator connection elbow x 8 connection division enlargement narrowing KK
13 valvex2
3 8 10,4 0,6 1,3 0,15 0,04 23,49
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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. 1 (m) Q M DN R w R*| 3 z Valve Heat meter Apgy R*I+Z + Dpps
(w) (kg/h) | (Dxt) | (Pa/m) (m/s) (Pa) (-) (Pa) [setting |Sharky774 (Pa) Apgy (Pa)
TRV/HM ((DN20)(Pa) (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
Design of presetting of radiator valve
7333,85 - 5702,83 = 1631,02 Pa Presetting according to diagram (4)
Local resistance § (-)
radiator connection elbowx 8 connection division enlargement narrowing KK b3
1 valvex2
3 8 10,4 0,6 0,3 0,15 0,04 22,49
5 elbow x 2 connection division enlargement narrowing 3
2,6 0,6 13 0,15 0,04 4,69
3 elbowx 8 connection division enlargement narrowing KKx4 5
10,4 0,6 13 0,15 0,04 2 14,49
Dimensioning of section to radiator 10-VK 600/1600 in room 104 B
Sec. No. M DN R w R*| 3 z Valve setting  TRV/HRS R*I4+Z + Dpps
I (m) Q (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) [ (-) (Pa) Apgy (Pa)
(w) APy | (Pa)
(Pa)
4 1,8 499 42,9761 12x1 34,4 0,15 61,92 | 18,29 | 205,76 | TRV(3) | 267,68 267,68
Design of presetting of valve of radiator
2247,69 - 267,68 = 1980,01 Pa Presetting according to diagram (3)
Local resistance § (-)
4 radiator [connection |elbow x 4 connection division enlargement narrowing KK 3
3 8 5,2 0,6 1,3 0,15 0,04 18,29
Dimensioning of circuit to radiator 10 -VKL 600/1200 in room 106 B
Sec. No. I (m) Q M DN R w R*l 3 z Valve setting  TRV/HM| Apg, R*I4+Z + Apps
5 48 374 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| 35 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
Design of presetting of valve of radiator
3197,15 - 2043,71 = 1153,44 Pa Presetting according to diagram (3)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK b3
5 valvex2
3 8 52 0,6 0,3 0,15 0,04 17,29
6 connection division enlargement narrowing b3
0,6 0,3 0,15 0,04 1,09
7 elbow x 2 connection division enlargement narrowing )3
2,6 0,6 0,3 3,50
3 connection division enlargement narrowing )3
0,6 0,3 0,15 0,04 1,09
Dimensioning of section to radiator 10-VKL 600/1600in room 106 B
Sec. No. I (m) Q M DN R w R*l g z Valve setting TRV/HM Apgy R*I4Z + Apps
W) | (kg/n) | (Oxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Opw | (Pa)
(Pa)
9 5,156 499 42,9761| 12x1 34,4 0,15 177,37 | 18,29 [ 205,76 | TRV(5) | 383,13 383,13
Design of presetting of valve of radiator
1722,50 - 383,13 = 1339,37 Pa Presetting according to diagram (5)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK 2
9 valvex2
3 8 52 0,6 1,3 0,15 0,04 18,29
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Dimensioning of sections to radiator KLC-M 1500/750 in room 105B

Sec. No. I (m) Q M DN R w R*I 3 z Valve setting TRV/HM| Ap,, R*I4+Z + Dpps
(W) | (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) (Pa) | Bpry (Pa)
(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
Design of presetting of valve of radiator
2648,83 - 500,76 = 2148,07 Pa Presetting according to diagram (1)
Local resistance § (-)
radiator connection elbow x 10 connection division enlargement narrowing KK 2
10 valvex2
2,5 8 13 0,6 13 0,15 0,04 25,59
1 connection division enlargement narrowing )3
0,6 1,3 0,15 0,04 2,09
Dimensioning of section to radiator 10-VKL 600/700 in room 101B
s I Q M | DN R w R |8 Z  |valve setting TRv/HM| APwv R:HZ T e
ceo LML) | /) | xt) | (Pam) | (mys) | pa) | () | (pa) |VEVESETE ea | o |
12 3,55 359 30,9187| 10x1 51,4 0,17 | 182,47 | 17,29 | 249,84 | TRV(2) | 432,31 432,31
Design of presetting of valve of radiator
2680,19 - 432,31 = 2247,88 Pa Presetting according to diagram (2)
Local resistance § (-)
radiator connection elbow x 4 connection division enlargement narrowing KK
12 valvex2
3 8 52 0,6 0,3 0,15 0,04 17,29
Dimensioning of section to radiator 11-VK 600/1200 in room 107B
| Q M DN R w R*| 3 z val i TRV/HM Apgy Rilsz+ Appis
seeNo- | LU wy | ke [©xt) | (Pasm) | (mss) | pa) | () | () [VEVESSHE va | o | e
13 12,8 615 52,9665| 12x1 66,1 0,19 | 846,08 23,49 | 423,99 | TRV(5) | 1270,07 | 1270,07
Design of presetting of valve of radiator
3025,30 - 1270,07 = 1755,22 Pa |Presetting according to diagram (5)
Local resistance § (-)
radiator connection elbow x 8 connection division enlargement narrowing KK
13 valvex2
3 8 10,4 0,6 1,3 0,15 0,04 23,49
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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. I (m) Q M DN R w R*I 13 z Filter | Heatmeter | Apy, | R*+Z+ Apps
(W) (kg/h) | (Dxt)| (Pa/m) | (m/s) [ (Pa) | () (Pa) (Pa) (Pa) (Pa) Apgy (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 |17891| 45 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) ApRV =3000 Pa
Filter(DN20) ApRV =1140Pa
Balancing valve(DN20) ApRV = 6000 Pa 6000 17827,13
Three way valve(DN20) ApRV =2,2Pa 2200 20027,13|
Local resistance § (-)
1 elbow x 12 connection division enlargement narrowing 3
15,6 0,9 0,3 0,15 0,04 16,99
By connection division z
3 1,5 4,50
3 connection division enlargement narrowing )3
0,9 0,3 0,15 0,04 1,39
4 connection division 2
0,9 0,3 1,20
connection division z
> 0,9 0,3 1,20
connection division z
i 0,9 0,3 1,20
7 VKx2 ZKx1 elbow x 2 collector and distributer entrance collector and distributer exit KKx4 b3
1 4,3 2,6 1 0,5 2 11,40
Dimensioning of section to radiator 10-VK 600/1600 in room 211
| Q M DN R w R¥| 3 z Valve setting TRV/HM Apgy RibZ+ Apps
secNo- | L™ w) | e/h) | (0xt) | Parm) | (mjs) | (pa) | () | (pay | VRSN ea | o |
8 8,64 499 42,9761| 10x1 134 0,24 |1157,8 | 14,39 | 414,43 | TRV(4) | 1572,19 | 1572,19
Design of presetting of valve of radiator
2895,42 - 1572,19 = 1323,23 Pa |Presetting according to diagram (4)
Local resistance § (-)
3 elbow x 10 connection division enlargement narrowing 3
13 0,9 0,3 0,15 0,04 14,39
Dimensioning of section to radiator 10-VKL 700/1100 in room 108
| Q M DN R w R¥| § z val i TRV/HM Apgy Rz Apps
secNo LM w) | /) | ©xt) | (arm) | (mys) | (pa) | () | (pa) [VRVECETNE ea | o | el
9 4 393 33,8469 | 10x1 67 0,19 268 | 9,19 | 165,88 | TRV(2) | 433,88 433,88
Design of presetting of valve of radiator
3147,24 - 433,88 = 2713,36 Pa |Presetting according to diagram (2)
Local resistance § (-)
9 elbowx 6 connection division enlargement narrowing b3
7,8 0,9 0,3 0,15 0,04 9,19
Dimensioning of section to radiator 11-VKL 700/2000 in room $106
| Q M DN R w R¥| 3 z Val - TRV/HM Apgy Rz Apy s
seelNo | LMy g/ | ©x) | Pasm) | (mss) | (Pa) | () | (pay [VEVESEHE e | o | P
10 18,334 715 61,5789 | 12x1 99,7 0,22 | 18279 11,79 | 285,32 | TRV(6) | 2113,22 | 211322
Design of presetting of valve of radiator
3367,09 - 2113,22 = 1253,87 Pa |Presetting according to diagram (6)
Local resistance § (-)
10 elbow x 8 connection division enlargement narrowing )3
10,4 0,9 0,3 0,15 0,04 11,79
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Dimensioning of section to radiator 11-VKL 600/1200 in room $105

R*I+Z +
Q M DN R w R*l 3 z . Dpgy Apps
Sec. No. I (m) Valve setting TRV/HM A
(W) (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () (Pa) (Pa) (';';‘; (Pa)
11 17,7 615 52,9665 12x1 66,1 0,19 1170 | 9,19 | 165,88 | TRV(4) | 1335,85 1335,85
Design of presetting of valve of radiator
3503,34 - 1335,85 = 2167,49 Pa |Presetting according to diagram (4)
Local resistance § (-)
1 elbowx 6 connection division enlargement narrowing b3
7,8 0,9 0,3 0,15 0,04 9,19
Dimensioning of section to radiator 10-VK 600/700 in room S104
Q M DN R R*l 3 z A Rihz+ A
w : Prv Pois
Sec. No. I (m) Valve setting TRV/HM Ap
(W) | (ke/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () | (Pa) *a) | o (Pa)
12 11,164 218 18,7751| 10x1 30 011 [33492] 9,19 | 5560 | TRV(1) | 390,52 390,52
Design of presetting of valve of radiator
5769,81 - 390,52 = 5379,29 Pa | Presetting according to diagram (1)
Local resistance § (-)
12 elbow x 6 connection division enlargement narrowing b3
7,8 0,9 0,3 0,15 0,04 9,19
Dimensioning of section to radiator 22-VKL 600/1500 in room S103A
Q M DN R R*l 3 z A RAIZ+ A
w : Prv Pois
Sec. No. 1 (m) Valve setting TRV/HM A
t (W) (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) | () (Pa) (Pa) (';';‘; (Pa)
13 8,7 1358  |116,957| 15x1 | 89,1 025 [77517] 9,19 | 287,19 | TRv(6) | 1062,36 | 1062,36
Design of presetting of valve of radiator
6413,54 - 1062,36 = 5351,18 Pa | Presetting according to diagram (6)
Local resistance § (-)
13 elbow x 6 connection division enlargement narrowing 3
7,8 0,9 0,3 0,15 0,04 9,19
Dimensioning of hot water preparation circuit
Temperature difference 10K (55/45)
Q M DN R R*l 3 z Fil S ApRV Rilz+ A
w ilter torage p Pois
Sec. No. I (m A
™ w) | aem | xy | pam) | (mis) | ) | ) | (Pa) | (Pa) | heater(Pa) | (Pa) | 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) ApRV =10500 Pa 10500 17281,30
Local resistance § (-)

Ent t
elbowx 6 Entrance to Exit of storage d?s:ilcuie? Exit of distributer 7K s
1 storage heater heater and collector
and collector KKx 6
7,8 1 0,5 1 0,5 3 4,3 18,10
Dimensioning of the circuit between storage tank and collector and distributer
Temperature difference 10K (55/45)
Q M DN R R*l 3 z Ril+z+ A
w Pois
Sec. No. I (m) Ap,
(W) (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) () (Pa) ( P';‘; (Pa)

1 13,5 22000 1894,74| 35x1,5 161 0,66 2173,5| 11,8 | 2570,04 4743,54 4743,54

Local resistance § (-)
elbowx 6 Entrance to accumulation Exit of accumulation tank Exit of distributer | Entrance to distributer KKx2 s
1 tank and collector and collector
7,8 1 0,5 0,5 1 1 11,80
Dimensioning of the circuit between each internal unit of heat pump and storage tank
Temperature difference 10K (55/45)
M DN R R*l z Filt R*I+Z + A
Sec.No. | | (m) Q w § fer Pors
(W) (kg/h) | (Dxt) | (Pa/m) | (m/s) | (Pa) () (Pa) (Pa) Apgy (Pa)
1 17,5 10850 934,45 | 28x1,5 153 0,54 2677,5| 17 2478,60 2560 7716,10 7716,10
Local resistance § (-)
Entrance to
elbow x 10 accumulation | Exit of accumulation tank z
1
tank KKx 5
13 1 0,5 2,5 17,00
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Dimensioning of the circuit between each internal unit and external unit of heat pump

Temperature difference 10K (55/45)

Sec. No.

1 (m)

Q
(w)

M
(ke/h)

DN
(Dxt)

(Pa/m)

(m/s)

R*l
(Pa)

3
()

(Pa)

ApRV
(Pa)

R*I+Z +

Apgy
(Pa)

Bpps
(Pa)

1

3,9

10850

934,45

28x1,5

153

0,54

596,7

13

1895,40

22900

25392,10

33108,20

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.

Branch B2: Mass flow: M = 810,17 kg / h

Balancing valve D 9505 from company hydronix, DN25, Presetting level: 2,5. Kv=4,8.

Branch B3: Mass flow: M = 370,077 kg / h

Balancing valve D 9505 from company hydronix, DN20, Presetting level: 2,5. Kv=1,5.

AP = 2,5 kPa

AP = 2,9 kPa

AP =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.

Pressure losses were taken from the graphs, which are provided by the manufacturer.

AP =10,5 kPa
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Figure 48-Presetting graph of balancing valve Hydronix D 9505[53]
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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.

| 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.

1.9q,06| DN 15 4.q,1.0/1.5 | DN 20 7.q,10 | DN 40 10.q, 40 | DN 80
2.q,06]DN 20 5.9,2.5| DN 20 8.q,15| DN 50 11. q, 60/100 | DN 100
3.9,1.01.5|DN15  6.q,3.5/6 | DN 25/32 9.q,25 | DN 65
1.12 3.14. 6. 6. 7. 8. 9.
1000 7 z
v v A 1
Z v Z
r 4 - r 10.
L 4 7 3 L ]
¥4 IV 4 ¥ 4 Y ,
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-
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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 APdis to ensure sufficient authority. Apdis is the total circuit pressure loss including
balancing pressure loss. | used online calculator at tzb-info.cz to estimate Kv value.[55]
This calculator uses the following equations :

Flow factor:

10V
k, = ——= [m*/h]

vV Ap[k.Pa]

Water density:
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p = 1000 — (t — 4) * [0,097 + 0,0036 = (¢t — 4)] [kg/m?]

Volume flow:
v il [m3/h]
=— [m

P

Branch B1:

Total circuit pressure loss: APdis = 20,34 kPa

Mass flow: M = 768,14 kg / h

Required valve pressure loss: Apv =0,5 - 20,34 = 10,17 kPa
Volume flow = 0,778 m3/h

Flow factor Kv = 2,44 m3/h

| suggest three way valve ESBE VRG 131 : Kv= 2,5 m3/h, DN20, with servo drive ARA600.
Real pressure loss, APrv = (% .0,01)>= 9,44 Kpa

Branch B2:

Total circuit pressure loss: APdis = 17,83 kPa

Mass flow: M = 810,17 kg / h

Required valve pressure loss: Apv =0,5- 17,83 = 8,913 kPa
Volume flow = 0,82 m3/h

Flow factor Kv = 2,75 m3/h

| suggest three way valve ESBE VRG 131 : Kv=4 m3/h, DN20, with servo drive ARA60O0.
Real pressure loss, APrv = (% .0,01)?= 4,1 Kpa

Branch B3:

Total circuit pressure loss: APdis = 17,83 kPa

Mass flow: M = 370,08 kg / h

Required valve pressure loss: Apv =0,5- 17,83 = 8,913 kPa
Volume flow = 0,375 m3/h

Flow factor Kv = 1,256 m3/h

| suggest three way valve ESBE VRG 131 : Kv= 2,5 m3/h, DN20, with servo drive ARA60O.

Real pressure loss, APrv = (% .0,01)?= 2,2 Kpa
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OTOENE SMESOVACH VENTILY
SMESOVACI VENTILY
RADA VRG130

OTOCNE SMESOVACI VENTILY RADY VRG131, VNITRNI ZAVIT

Obit | Oamaten Ppoieni | A | B | C_| D _|m[kg] | Nahvazie | Pozn.|
15 0.4 as 72 32 50 0.40 -

1160 01 0D VRG131 RAp 1/2"

1160 02 00 VRGE131 15 063 RAp 1/2" 36 7a 32 50 0.40 3 MG 15-06
1180 03 00 VRAG131 15 1 Rp 1/2° 36 72 32 50 0.40 3 MG 1510
11680 04 00 VRG131 15 1863 RAp 1/27 36 72 32 a0 0.40 3 MG 15186
1160 05 00 VRG131 15 25 Rp 1/2" 36 72 32 50 0.40 3 MG 1525
1160 06 0O VRG131 15 4 RAp 1/2° 36 7a 32 50 0.40 -
1160 07 00 VRGE131 20 25 RAp 3/4° 36 7a 32 50 043 -
1160 08 00 VRG131 20 4 Rp 3/4° 36 72 32 50 0.43 3 MG 20-4
1160 09 0D VRG131 20 B3 Ap 3/4° 36 72 32 50 043 3 ME20-63
1160 10 00 VRE131 25 B3 Ap1* 41 B2 34 52 070 3 ME25-B
1160 11 00 VRG131 25 10 Ap 1" 41 Ba 34 52 070 3 MG 2512
1160 12 00 VRG131 32 16 Ap 1 144" a7 84 a7 55 0.85 3 MG 3218
1160 13 00 VRG131 40 25 Ap 1 172" 58 116 44 52 1.75 3G 40-28
1160 14 0O VRE131 50 40 Ap2* g2 125 44 B2 2.05 3G 50-44

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

| 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

| 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

| suggest circulating pump ALPHA A2 25-40 130
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Figure 55-circulating pump Grundfos ALPHA A2 25-40 130[57]

GRUNDFOS

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 | assessed the sufficiency of the circulating pump, and made sure that
it is sufficient.
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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, | am designing a combined distributer and
collector, from company ETL. | 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

RS KOMBI with insulation, MODULE 100, PN 6, Tnax=105°C, |=1550mm,
Distributer and collector type M =329 kg
Type and number of stands KFS 65-200/400, m=2,00kg - 2x

Thermal isolation PUR 100, m=0,20kg
Designer Nour Kovacova
Module size 100

Nominal pressure PN 6 Bar

Maximal operating

temperature 105° C

Length 1550 mm

Weight 32,9 kg

TABULKA UVADI POUZE ORIENTACNI VYKONOVE PARAMETRY! VZDY ZALEZi NA ROZMISTENI HRDEL!

Qmax = [m*/hod] 6 10 15 23 42 65 95 130
do vikonu [KW] pfi At=20 120 250 350 550 1000 1500 2100 3000
MODUL 80 100 120 150 200 250 300 350
Priitok. priifez komor Sy (m?) 00019 00028 00040 00070 00114 00176 00271  0,0380
Max. délka (m) 15 2,0 3,0

Téla viech RS KOMBI standardné PN 0,6 MPa, teplota 110 °C
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 CSN 06 0830.

Water volume in pipes Vp:

Water volume in Imof | length of total water
DN . .
pipe(l/m) pipes(m) volume(l)
12x1 0,079 222,0 17,43
10x1 0,050 172,2 8,66
15x2 0,133 120,2 15,95
18x2 0,201 69,6 14,00
22x1 0,314 44,4 13,94
28x1,5 0,491 89,7 44,05
35x1,5 0,804 13,5 10,86
5 124,18
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Water volume in radiators Vg:

Room No. Type of radiator Water Water
volume in volume in
radiator(l/m) | 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
Radik 10 VKL - 600/1600
104A Radik 10 VKL - 600/1400 31 9,30
105A Koralux linear classic M - 450
1220/450 !
Radik 10 VK - 600/1200
106A . 3,1 7,44
Radik 10 VK - 600/1200
107A Radik 10 VKL - 700/1600 3,5 5,60
101B Radik 10 VKL - 600/700 3,1 2,17
1048 Radik 10 VK - 600/1600 31 8.06
Radik 11 Vk - 600/1000 ! !
105A Koralux linear classic M - 8,00
1500/750
1068 Radik 10 VKL - 600/1600 31 .68
Radik 10 VKL - 600/1200 ! !
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 31 8.37
Radik 10 VKL - 600/1100 ! !
205A Koralux linear classic M - 4,50
1220/450
206A Radik 10 VK - 600/1200 31 6.82
Radik 10 VK - 600/1200 ! !
207A Radik 10 VKL - 600/1600 3,1 4,96
201B Radik 10 VKL - 700/700 3,5 2,45
2048 Radik 10 VK - 600/1600 31 8.37
Radik 10 Vk - 600/1100 ! !
2058 Koralux linear classic M - 4,50
1220/450
2068 Radik 10 VKL - 600/1200 31 744
Radik 10 VKL - 600/1200 ! !
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 Radi.k 10 VKL - 700/1800 35 11,20
Radik 11 VKL - 700/1400
Koralux linear classic M -
305A 900/750 4,70
Radik 10 VK - 600/1400
306A Radik 10 VK - 600/1200 31 8,06
307A Radik 10 VKL - 700/1600 3,5 5,60
301B Radik 10 VKL - 600/700 3,1 2,17
Radik 10 VK - 700/1800
3048 Radik 11 Vk - 700/1400 3,5 11,20
Koralux linear classic M -
305A 900/750 4,70
Radik 10 VKL - 600/1400
3068 Radik 10 VKL - 600/1200 31 8,06
307B Radik 10 VK - 700/1600 3,5 5,60
311 Radik 10 VK - 600/1600 3,1 4,96
S 212,84
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Water volume in other devices Vp:

Water volume in other
devices (l)
Heat pumps 8
Accumulation
403
tank
Distributer and
20
collector
> 431,00

Total water volume in the system Vr:

Vr=Vp+ Vr+ Vp= 768 1=0,768 m?

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.

Atm=tmax- 10=55-10=45°C

table 6 - coefficient of thermal expansion [60]

At,, 40 60 70 80 90
n 0,012 0,023 0,0295 0,035 0,044

Lowest permissible operating overpressure

Pddov>1,1-h-p-g-1073

Pd,dov > 1,1 - 10,83 - 1000 - 9,81 - 1073 = 116,87

| suggest expansion tank with lowest operating overpressure of Pg= 150 kPa
Where... pg,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

Phdov< Pk - (hvr - p - g-1073)

Phdov< 300 - ((-0,6).1000.9,81.107) = 305,89 kPa

| suggest expansion tank with highest operating overpressure of Pn= 250 kPa
where ... phdov highest permissible system overpressure [kPa]

hwr 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
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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.

px minimum of design overpressures of all system devices [kPa]
Preliminary expansion tank volume with a membrane
Vep = Ve (pn+ 100) /(pn - pg) = 0,01473 . (250 + 100)/(250 — 150) = 0,052 m3 = 52 |

The internal unit of both heat pumps contains expansion tank that is provided by the
manufacturer. Each expansion tank has a volume of 10 |, which is not enough for the
whole heating system.

So | suggest a membrane expansion tank Reflex NG 35/6 , with a volume of 35 1.
Diameter of expansion pipes

dp=10+0,6-Q%°°=10+0,6.21,7°°=12,8 mm .... | suggest pipes made of copper with
diameter of 15x1 mm

Where... Q pumps output [kW]

dp inner diameter of pipe [mm]

Technicka data Reflex

* pro uzaviené soustavy topeni a chlazeni
- zévitové pFipojeni o ao
+ od 35 litrd stojaté provedeni
* membrana podle DIN EN 13831
* piipustna teplota 70 °C
* koncentrace glykolu max 30 %
+ schvdleni podle smérnice

pro tlakova zafizeni 97/23/EC

&8s Ce

H

o In_ I»

B-25 litro 35-140 litrd 200-250 litra 300 -1000 litri
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* Obj. Eislo Pocet Hmotnost @D H h A Pietlak plynu

6 bar /120 °C Zeda bild na paletéd (kg) {mm) (mim) (mm) (bar)
NG 8/6 8230100 7230107 95 1,6 206 285 - R 3% 1,5
NG 12/6 8240100 7240107 72 2.4 280 275 = R % 15
NG 18/6 8250100 7250107 56 3.4 280 345 = R % 1.5
NG 25/6 8260100 7260107 42 4.2 280 4865 = R 3% 15
NG 35/6 8270100 7270107 24 4.8 354 460 130 R % 15
NG 50/6 8001011 7001100 24 5.7 409 493 175 R 3% 15
NG B0/& 8001211 7001300 12 8,7 480 565 175 R1 15
NG 100/6 8001411 7001500 10 11,4 480 670 175 R1 15
NG 140/6 8001611 7001700 ] 13,1 480 912 175 R1 15
N 200/6 8213300 - 4 22,0 B34 758 205 R1 15
N 250/6 8214300 - 4 24,7 634 BES 205 R1 1,5
N 300/6 8215300 - = 27.0 634 1092 235 R1 15
N 400/6 B21B000 = = 47.0 740 1102 245 R1 15
N 500/6 8218300 - - 52,0 740 1321 245 R1 15
N 600/& 8218400 - - 66,0 740 1531 245 R1 15
N B0O/& 8218500 - - 96.0 740 1996 245 R1 15
N 1000/8& 8218600 - = 118,0 740 2406 245 R1 1,5

+_\|'ﬁjmenmllt§- objern v litrech [ tlak
" pro soustavy s maximalni teplotou vystupni vétve 120 °C

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. | chose flow coefficient Kv

according to manufacturer’s catalogue then | calculated Individual pressure loss using
online calculator on webpage of TZB-info [55].

VERZE B

Figure 61-Giacomini filter R74B [62]
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Kody Kv
I —
VERZE B
R74AY103 35
R74AY104 59
R74AY105 10,0
R74AY106 18,2
R74AY107 209
R74AY108 32,0

Max. pritok

[m?/h]

0,83
1.5
23
38
59
92

Figure 62-Filter Giacomini R74B with information about flow coefficient Kv and maximal flow[62]

Detailed calculations of filters design in the technical room:

Pioe DN M max.flow Filt p
. ilter ressure
Position 'pe Filter DN | M (Kg/h) 3 filter Kv of filter
(Dxt) (m*/h) 3 code | loss(Pa)
(m°/h)
Bl 28x1,5 25 768,14 0,768 3,5 0,83 R74AY103| 4930
B2 28x1,5 25 810,17 0,81 5,9 1,5 R74AY104| 1920
B3 22x1 20 370,08 0,37 3,5 0,83 R74AY103| 1140
Hot water
otwater I o 20 561,70 | 0,562 3,5 0,83 |R74AY103| 2620
circuit
Boiler circuit| 28x1,5 25 934,45 0,934 5,9 1,5 R74AY105| 2560

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:

m

.= i

1

d 1
+

D 1

n=+

+ In
0;-(d-2-5) 2 M d-2-5, 2-A;

Where ... At

a, -D

[W/mK]

coefficient of thermal conductivity of pipe material [W/m:K]
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[W/m- K]

d pipe outer diameter [mm)]

St pipe wall thickness [mm]

Aiz coefficient of thermal conductivity of insulation material [W/m-K]

D pipe diameter with insulation thickness [mm)]
Ssz insulation thickness [mm]
ae

S

tout

Figure 63-Cross section of a copper pipe with thermal insulation [63]

Table 7 - Design of thermal insulation of indoor pipes

heat transfer coefficient between the pipe surface and the surrounding

Calculated heat

Determining heat

dimF::seions Type of insulation Insulatndo(n;tnlln)ckness transfer C°ef2ﬁCie"t transfer coefficient |Assessment
U, (W/m*.K) Uo (W/m2.K)

Copper pipes in floor with possibility of thickness reduction of thermal insulation to half
10x1 MIRELON (PRO) 6 0,230 0,3 It complies
12x1 MIRELON (PRO) 6 0,258 0,3 It complies
15x1 MIRELON (PRO) 9 0,258 0,3 It complies
18x1 MIRELON (PRO) 9 0,29 0,3 It complies
22x1 MIRELON (PRO) 9 0,333 0,36 It complies

Copper pipes along the wall, in wall grooves, under ceiling, and in measuring niches
10x1 ROCKWOOLPIPO ALS 25 0,121 0,15 It complies
12x1 ROCKWOOLPIPO ALS 25 0,132 0,15 It complies
15x1 ROCKWOOLPIPO ALS 25 0,147 0,15 It complies
18x1 ROCKWOOLPIPO ALS 30 0,149 0,15 It complies
22x1 ROCKWOOLPIPO ALS 30 0,165 0,18 It complies
28x1,5 ROCKWOOLPIPO ALS 40 0,164 0,18 It complies
35x1,5 ROCKWOOLPIPO ALS 50 0,165 0,18 It complies

For the pipes outside the building which connect external unit with internal unit of heat
pump | chose insulation of mineral wool, ROCKWOOL PIPO ALS, which will be protected
from outer environment by galvanized sheet metal duct.
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Table 8 - Design of thermal insulation of outdoor pipes

. . . Calculated heat Determining heat
Pipe . . Insulation thickness . .
. ] Type of insulation transfer coefficient U, |transfer coefficient [Assessment
dimensions d(mm) )
(W/m?.K) Uo (W/m2.K)

Copper pipes outside the building

ROCKWOOLPIPO ALS + 40 0.159 018 .
28x1,5 galvanized sheet metal duct ! ! It complies

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. | 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. | chose
automatic air release valves Giacomini type R88.

>R250D

5~

S

}

>R608D

Figure 65-Drain ball valve Giacomini R608D
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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.
| chose a refilling device type NK300TCA with a separation pipe, from company
Aguaproduct.[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. | chose thermometer
Giacomini type R5401 and manometer Giacomini type R225I.
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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
CSN 73 0540 Thermal protection of buildings

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

CSN 06 0320 Heating systems in buildings - hot water preparation

CSN 06 0830 Heating systems in buildings - security equipment

CSN 06 0310 Central heating - design and installation

CSN 06 1101 Radiators for central heating

CSN 01 3452 Technical drawings - Installation - Heating and cooling

CSN 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 N0.264/2020 Sb. about energy performance of building.

other related CSN 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

U, Un,20
Structure 2 2 U; < Up,20
[W/m°K]| [W/m".k]
Cl.a - Ceiling seperating heated space from unheated part of basement 0,414 0,600 it complies
Cl.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

177




Heat losses are calculated according to CSN 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°C 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 | and that is not enough for the whole heating system, therefore another
expansion membrane tank is designed Reflex NG 35/6 (volume 35 ).

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 S1,52, 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

Pipe Insulation thickness Calculated rre-at Determining heat
dimensions Type of insulation d(mm) transfer coefficient |transfer coefficient |Assessment
U, (W/m2.K) Uo (W/m2.K)
Copper pipes in floor with possibility of thickness reduction of thermal insulation to half
10x1 MIRELON (PRO) 6 0,230 0,3 It complies
12x1 MIRELON (PRO) 6 0,258 0,3 It complies
15x1 MIRELON (PRO) 9 0,258 0,3 It complies
18x1 MIRELON (PRO) 9 0,29 0,3 It complies
22x1 MIRELON (PRO) 9 0,333 0,36 It complies
Copper pipes along the wall, in wall grooves, under ceiling , and in measuring niches
10x1 ROCKWOOL PIPO ALS 25 0,121 0,15 It complies
12x1 ROCKWOOL PIPO ALS 25 0,132 0,15 It complies
15x1 ROCKWOOL PIPO ALS 25 0,147 0,15 It complies
18x1 ROCKWOOL PIPO ALS 30 0,149 0,15 It complies
22x1 ROCKWOOL PIPO ALS 30 0,165 0,18 It complies
28x1,5 ROCKWOOL PIPO ALS 40 0,164 0,18 It complies
35x1,5 ROCKWOOL PIPO ALS 50 0,165 0,18 It complies
Table 8 - Design of thermal insulation of outdoor pipes
. . Calculated heat Determining heat
Pipe . . Insulation thickness . .
i R Type of insulation transfer coefficient U, |transfer coefficient |Assessment
dimensions d(mm) 5
(W/m*K) Uo (W/m2.K)
Copper pipes outside the building
ROCKWOOLPIPO ALS + .
28x1,5 galvanized sheet metal duct 40 019 018 It complies

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
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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 | 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 | 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.

183



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

D.2.FIRST FLOOR PLAN

D.3.SECOND FLOOR PLAN

D.4.THIRD FLOOR PLAN

D.5.RADIATORS CONNECTION SCHEME

D.6.CONNECTION SCHEME OF TECHNICAL ROOM-VARIANT 1
D.7.CONNECTION SCHEME OF TECHNICAL ROOM-VARIANT 2
D.8.FLOOR PLAN OF TECHNICAL ROOM-VARIANT 1

D.9.FLOOR PLAN OF TECHNICAL ROOM-VARIANT 2
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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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