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1 INTRODUCTION

Energy consumption in the world is increasing noayed People tend to live more and
more comfortably, which affects the consumed amadfirgnergy. Especially, the good
thermal conditions are needed where people spdngya part of the time — at work.
Therefore, the sustainability and energy efficierméythe systems should be widely

considered and the solutions should be found te saergy.

One of the most essential parts in the buildingiA& (Heating, Ventilation and Air
Conditioning) system is heating. Without sufficiemtd satisfactory thermal conditions
in a building, it is hard to imagine a comfortalilng or working place. This is a

reason why a lot of attention should be paid tohtb&ting system.

There are a lot of different ways and solutionsi@diting a building. The dissatisfaction
of inefficient and expensive heating is causedhaylack of knowledge of all available
solutions. The wide variety of heating options tesalifficulties of choosing the one.
While selecting a heating solution not only the amtoof energy consumption, but also
the operating and life cycle costs should be takenaccount.

It is impossible to evaluate all the aspects whidtuence the operation of heating
system, its energy consumption, thermal conditiosith the designed values or all
possible problems before the building is constdi@ed settled to use it. However, in
this technology age the special computer programarnegreated in order to answer all
the questions. What is more, the energy saving veas the best properties and

solutions in the building can be found.

In this thesis, the different type of heating swln$ (radiator heating, underfloor
heating, ceiling heating, heating panels and fans)cawvill be investigated and

compared. All these heating solutions are basdti@hydronic system.

In this work an office is chosen as an investigdtedding for several reasons. The
most important of them is that in the offices tlevest, innovative and more expensive
systems can be installed compared to residentiddibgs. There you can think about

the efficiency, not only about the costs. The patidity and atmosphere in the working



places is also affected by the HVAC systems, eaflgdieating, because the thermal

conditions are one of the most important factors.

In this Bachelor thesis the suitable heating systdéan an office building will be

analyzed and the best solution will be found. Idigon to this, the ways of energy
saving in an office will be discovered and the uefice of the building materials, its
construction, engineering solutions and its locatm the energy consumption will be

established.



2 AIMS AND METHODS

2.1 Aims

The main aim of this Bachelor thesis is to answgu@stion — can energy be saved in an
office building? At first, to get an answer to tihesearch question, it will be figured out
which heating system is the most suitable for tffeceo building. In order to get
acquainted with different types of heating solusiothe radiator heating, underfloor

heating, ceiling heating, heating panels and fals @all be investigated.

The most important key in the comparison proceds v the amount of energy
consumption. Moreover, to compare different typésheating systems and answer
which is the best, is quite difficult task, becatls® compared heating solutions have the
different ways of transferring a heat. That is whg simulation programme will be

used.

The other very important idea of answering my qoests to investigate how the
parameters of building and its engineering soliaffect the energy consumption.
After the selection of the best heating system, woee simulation will be made to
analyze how the changes of engineering solutiorikeérbuilding can reduce its energy

consumption.

2.2 Methods

In this study case, a two floor office building &ed in Finland will be investigated.
The total heated area of this building is 1806%with the volume of 6322,0 All
design values, calculations and data for simulatoh be according to so called

standard use from National Building Code of Finland

First of all, in order to get acquainted with difat types of heating system a literature
sources will be studied. Then the main conceptthefsystems, their main features,
operation and equipment will be presented. A comparof suitable heating systems

for an office will be done and three solutions eating an office will be selected.



All these three heating systems will be comparesiragiith a simulation programme
IDA ICE and the most efficient heating system imte of energy consumption result
will be determined and simulated again. The desigthe building and all heat losses

calculations will be done by simulation tool.

For this study part, the simulation programme IB2EIwill be used. This computer
tool is a multifunctional simulation tool for thewestigation of the processes of a
building, such as the heat losses through builéimgelope as well as through thermal
bridges, the total heating energy demand or a thleimdoor climate in different rooms.
What is more, IDA ICE also can compare simulatiesutts with the real measured data

in different locations.

Another method is a simulation of an office witle tinost suitable heating system for
this building. During this last simulation the fart of energy consumption of a
building will be observed and the solutions for emmergy saving in an office will be
determined. In this simulation part the air tiglssieglazing type of windows, solar
shading and orientation of the building will be ngad by using IDA ICE software tool.
What is more, the differences of energy consumptibthis office will be compared
whether it is located in Finland and in Lithuania.

The last method is the analysis of results. Tha datained during these simulations
will be studied and aspects of energy saving inféine will be established. Finally, the
research question will be answered and the solutith suggestions will be presented.



3 BACKGROUND

To start with, in this chapter the main aspectheazting system will be described. First
of all, in order to understand the heating procéssways of heating transfer should be
known. Later, the basic parts of heating system igadvorking principles will be
described. After this, the main things about heptemergy consumption and its
calculation will be represented. Finally, the siatidn programme which will be used in

this thesis will be introduced briefly.

3.1 Heat transfer

The heat transfer is a physical process of exchgntie thermal energy between the
systems because of the temperature differencese Tdre three different ways of
transferring the heat, such as conduction, conmectind radiation. The interaction
between these processes characterizes the meaatdfdnsfer. The heat is transmitted
to building premises by the heat transfer and thabhow heating in a building is

maintained.

Heat conduction represents an interaction of theremergy between the heating
medium, which can be water or air, and the surfatés heat flow inside any material
without movement of it. This type of heat transfainly occurs in solid bodies and it is

influenced by the properties of the material.

Heat convection takes places between the flowinigl find a surface or vice versa. In
the building heating systems the flowing fluid iater or air. This way of heat transfer
is divided in two types as natural or forced conieec The natural convection is caused
by the air temperature or density differences. fbineed convection takes place over the

pressure difference of the air.

Heat radiation means the transfer of thermal endrgyveen surfaces in a case of
electromagnetic waves. It can reflect, absorb amkepate heat. The radiation always

occurs when the temperature of the body is hidten © Kelvin.



Figure 1 shows an example of heat transferring viaysroom premise, which warms
the indoor space. The heat conduction transfersiti@ethe room through floor because
of hot heating fluid in the pipes. One part of s@aergy penetrates through the window
indoors and other part is absorbed into the winddhe person also releases heat
because he is warmer than the indoor air and theradiation occurs. What is more,
electronic devises release heat in terms of natmavection and fans inside computer

are the cause of forced convection.
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FIGURE. 1. Thermal balance in a room premises /1/

3.2 Heating system

The main idea of a hydronic heating system is &ater healthy and satisfactory indoor
conditions in all building. With a help of heatirgystem the comfortable indoor
thermal conditions can be kept in economical wagpde the different outdoor air

conditions during the heating season. Usually, irydronic heating system, the heat is
produced not only for space heating, but also &t demand for hot domestic water

and ventilation is taken into account as well.

Hydronic or water based heating system is the npugiular heating system in
buildings. It is also more efficient heating waymgmared to the air heating, because
water is 4,2 times better heat transfer medium #ianin this type of heating system,

the heating fluid, usually hot water or water mixeith another component is circulated



through all building heating network. There are ways of heating systems’ network

installation. It can be installed inside the roomerpises and connected to the heat
emitters (radiators, convectors, coils, etc) or bartiocated inside the building elements
as for example floor heating. Due to this coppéeglsor plastic is selected as the

material of the pipes, in which heating fluid iining.

For hydronic heating system the heat can be prabwith different heat sources such
as a boiler by burning different type of fuels,tdet heating substation or a heat pump.
A hydronic heating system is a closed system. rat fvater is heated in the heat source
flowing to the different zones of a building. Asréaches the heat emitter it heats the
room space and goes back to the heat source thrinegheturn water pipes and is
warmed up again. This process of water circulationthe heating network runs

continuously with a help of a pump.

All water based heating systems are characterinedcan be divided into such five
main parts: heat source, heat emitter device, systetwork and equipment, control
devices and safety and expansion devices. Theseedeallow to control and maintain
the steady desired indoor air temperature.

3.3 Heating energy consumption

All the following equations needed for calculatiarfsheating energy consumption are
taken from D5 of National Building Code of Finlafi.

The net energy need for space heatingedg, spaces, nd6 calculated according to this

equation /2/:

Qheating, spaces, net Qspace' Qnt.heat (1)

where:
Qneating, spaces, netnet heating energy need for heating spaces wldirg, KWh
Qspace- heating energy need for heating spaces in mg&likWh

Qintheat- heat loads recovered for heating, kWh



The heating energy need for heating spacesc&s calculated according to this
equation /2/:

Qspace= QronductQair leakagd Qsupply aif- Qmake-up air (2)

where:

Qconduct- conduction heat loss through the building shéth
Quair leakage - air leakage heat loss, kWh

Qsupply air heating of supply air in a space, kWh

Qmake-up air heating of make-up air in a space, kWh

Conduction heat loss through the building sheln@ctis calculated according to this

equation /2/:

Qconduct= Qexterior wallt Qceiling+ QGroor + Quindow+ Qdoor + Qthermal bridges (3)

where:

Qexterior wal- heat losses of conduction through external wiligh
Qeeiling- heat losses of conduction through ceiling, kWh

Qroor - heat losses of conduction through floor, kWh

Quindow- heat losses of conduction through windows, kwWh

Quoor- heat losses of conduction through external ddokd)

Q thermal bridges heat losses of conduction through thermal brigigésh

The heat losses of building componenia@ calculated according to this equation /2/:

Qi =ZUiAi (Tind - Toutd) At/2000 4)

where:

Q - heat loss of a building element, kWh
Ui - thermal transmittance coefficient, Wi
Ai - area of building element,’m

Tind - indoor air temperature, °C

Toutd- dimensioning outdoor temperature,”C



At - time period, h

Heating energy need for building according to NadidBuilding Code of Finland D5 is
calculated based on energy required for heatingespdneating domestic hot water and

heating supply air in ventilation system /2/:

_ Qheating spaces"'Qvent"‘QDHW_Qsolar (5)

Qheating - Nprod

where:

Qneating- €nergy consumption of heating system, kWh/a

Qneating spaces energy consumption of heating spaces, kWh/a
Qneating vent €nergy consumption of ventilation system, kWh/a
Qneating DHW- energy consumption of heating domestic hot wiath/a
Qsolar- domestic hot water produced with solar collegtk¥¥h/a

nerod-efficiency of heating energy production, -

nerodiS the efficiency of each part of the system whatdkes into account losses in every
part of the system like losses in production oftlfeaethe heat source) and losses of heat

storage in water tank.

Energy consumption of heating spa@gs,ting spaces IS Calculated according to this

equation /2/:

_ Qheating spaces net
Qheating spaces —

] - Qdistribution out (6)
Nheating spaces

Qneating spaces netnet energy needed for space heating, kwWh/a
Quistribution out- heat loss into a non-heated room in heat didgiohukWh/a

Nheating spaces heating system efficiency in heating spaces, -

The heating system efficiengyieating spacetakes into account all losses in space heating
system, such as losses in the heat distributionarkt heat emitter devices and control

system.
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Energy consumption of domestic hot water syst@y.qtingpuw IS calculated

according to this equation /2/:

_ Qheating DHW net

Qheating DHW — NDHW + QDHW storage + QDHW circulation (7)

where:

Qneating DHW- energy consumption of heating domestic hot wth/a
QHbw net- net energy needed for domestic hot water, kwh/a

QoHw storage- heat losses from storage, kWh/a

QpHw circulation- losses from domestic hot water circulation, kWh/a

nHow - efficiency of domestic hot water transfer, -

Energy for producing hot domestic watefefghg Howdoes not depend on the weather

conditions.

Energy consumption of ventilation syst&eqting vent 1S Calculated according to this

equation /2/:

Qheating vent = Pi " Cpi“ta "ty qy- (Tsp — Trec) - At/1000 8)

where:

Qneating vent heating energy need for ventilation system, kWh/a
pi - density of air, 1.2 kg/m

Cpi - air specific heat capacity, 1 kJ/(kgK)

ta- ventilation system's mean daily running timeaaki/24

tv- ventilation system's weekly running time ratiays/7

Qu.supply- supply air flow, m/s

Tsp- supply air temperaturéC

Trecov- temperature of air after the heat recovégy,

At - time period length, h

The net purchased energy of the buildiig, cnqseq IS calculated according to this

equation from National Building Code of Finland, [33:
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E _ Qheating + Wheating * Wventilation * Wappliances t Wiightning ~ Wu.s.g.energy 9
purchased — Anet ( )
where:

Epurchasea - NEt purchased energy, kWh/a

Qneating - €NErgy consumption of heating system, kWh/a
Wheating — €lectricity consumption of heating devices, k&/h/
Waentitation — €l€Ctricity consumption of ventilation devic&®yh/a
Wappliances — €l€Ctricity consumption of consumer appliané&®h/a
Wiightning — €lectricity consumption of heating, kWh/a
Wis.g.energy — @amount of used self generated electricity, kWh/a

A0 - Net heated area,’m

According to the National building code of FinlamB, in the total energy consumption
calculations the outdoor weather data, indoor dér@nditions and the standardized
use of the building such as time of occupancy, remub occupants and internal heat

gains should always be included /3/.

3.4 Design values

The office building investigated in this thesidasated in Helsinki, Finland. This area
belongs to the weather zone | and has outdooeripératurest: = - 26°C and annual

mean outdoor temperaturgean out, &= +5,3°C.

The reference values of thermal transmittance wmoefit U of the designed building
components are taken from National Building Codd-mland D3 /3/. The reference
values are presented in table 1 for thermal lodsuledions through the building

envelopes.
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TABLE 1. Reference values of thermal transmittanceoefficients of building

components /3/

Building component Thermal transmittance coeffitign
Wall 0,17 WI/(ntK)

Upper floor 0,09 W/(rfK)

Base floor (against the ground) 0,16 Wi

Window, door 1,0 W/(r1K)

The energy consumption is calculated with the a&ies of the indoor temperature and
the volume flow which is stated in National BuilditCode of Finland D3 /3/. These
values correspond to the standard use of the hgildine values for an office building is

shown in table 2.

TABLE 2. The designing values of the indoor temperare and the air volume flow

for an office /3/

Type of the building Air flow, drfi(s n¥) Heating limit, °C Cooling limit, °C

Office building 2 21 25

The operational time of the ventilation system inadfice building is presented below,
in table 3. The heating system operates continyolisle internal thermal loads, which
are gained due to the lightning, electric deviaes jpeople in the office, can be found in
table 3 as well. The following values are takenmrfrthe newest version of National
Building Code of Finland, D3 /4/.

TABLE 3. Standard use of office building and interral heat gains per heated net area /4/

Period of use , _ _ Density of
Type of the Degree | Lightning | Devices| People
o persons
building hours | h24h | dfird of use W/m? W/m? | W/nm?
m?/person
Office 7:00 —
o 11 5 0.65 12 12 5 17
building 18:00

According to National Building Code of Finland, tlentilation system should start to
operate one hour before the period of use andhfinise hour later. In this case, the

ventilation system operates from 6.00 — 19.00 énimffice building.
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In calculations of the heating energy needed fomektic hot water, the specific
consumptions and its corresponding net demand aifrigeenergy is used from table 4.
These values are stated in National Building Cddeidand, when the temperature for
domestic cold water is 5 °C and for domestic haiewss 55 °C /3/.

TABLE 4. Specific consumption of domestic hot wateand the net heating energy

needed per heated net area /3/

o Specific consumption of DHW Heating energy
Type of the building
dm?(m? a) kKWh/(n? a)
Office building 103 6

All the designing values for this case study buidgdwhich was presented above are
taken from National Building Code of Finland, P@& /3, 4/.

3.5 Energy efficiency

For designing the heating systems, the total enesggumption of the building and the
E - value must be calculated. The E - value isrdi®m of the net purchased energy
consumption of the building per year calculatedhwtite coefficients of the energy
forms per net area heated. For E — value calcustithe building type standard

consumption is used /3/.

The total purchased energy consumption of the imglger its net heated area, E-value,

is calculated according to this equation /3/:
YEpurchasedM (10)

E —value =
Anet

where:
E-value - total energy consumption of the buildikig/h/n?
> Epurchasea - the sum of purchased energy of the building, kWh

n - energy form coefficient,
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A0 - Net heated area,’m
According to National Building Code of Finland, p&3, the E - value for office type
building must not exceed 170 kWhAm) per year /4/. The coefficients of energy form

for total energy consumption are given in table 5.

TABLE 5. Coefficients of energy form /4/

Energy form Energy form coefficient
Electricity 1.7

District heating 0.7

District cooling 04

Fossil fuels 1.0
Renewable fuels used in the building 0.5

The building is called the energy efficient, whée amount of supplied energy to it is
maintained as low as possible. The main idea afjdiesy an energy efficient building
iIs to use the engineering solutions which reduee amount of energy needed for
building systems operation. The amount of energyckvhs used to maintain the
building operation depends on many variables, leitype and purpose of the building,

climate and design of HVAC systems are includethasnain aspects /5, p.18/.

The ways of energy saving and reducing should bdied at the stage of building
designing. In the designing process of energy iefiicbuilding the following aspects

need to be taken into account /5/:

e Building:
» External structures (wall construction, insulatiaim,tightness),
» Size, shape and orientation,
» Planning.
e Windows:
» Shading design,
» Glazing.
e Lightning:
» Usage of low energy lights,
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» Usage of daylight.
e HVAC system design:
» Start the space heating only when indoor air teatpeg is below 20 °C,
» Start the comfort cooling only when indoor air tesrgdure is above 25 °C,
» Efficient design of boiler and chiller,

» Heat recovery for ventilation system.

According to the “HVAC in Sustainable Office Buitdjs” /5/, a lot of engineering
solutions should be considered in designing theetbuilding. However, only the first
two from the list will be analyzed in my projecthd different types of air tightness,
glazing type of windows, solar shading and orieatatof the building will be
investigated by using a simulation programme. Twik help to find the ways of
reducing the required amount of energy for an effiwilding. Evidently, it will make

the building more energy efficient and sustainable.

3.6 Building simulation

Nowadays the building simulation programmes areofy@eg more and more valuable
in engineering field. The simulation tools allowastigating the building performance
during its life cycle. The simulation programme® also useful because they can
estimate the operation of the systems and procésfese the building is constructed.
Moreover, it can also let us to find the best eagiimg and construction solutions for

the building services.

In this work the IDA ICE simulation programme wile used in order to make better
comparison of heating systems and accurate calmugabf energy consumption of the
case study office building. This software tool aliequipping the investigated building
with different types of heating system. It will shhéhe exact energy consumptions and
building performances with different type of hegtsolutions. Furthermore, it will help

to find the energy saving ways in the building aodhpare the energy consumption for

heating of the building in different locations -nRind and Lithuania.
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4 COMPARISON OF HEATING SYSTEMS

In the following chapter, the five different heatirsystems as the radiator heating,
underfloor heating, ceiling heating, heating parald the fan coils will be introduced.
The analysis of these heating solutions will be enadthe terms of their’ operation,
application, installation and controlling. The fgos and negative aspects of indoor
climate conditions and affects to the interior wdliferent heating systems will be

presented as well.

4.1 Heating with radiators

Radiators are the most traditional and commonlyl dssat emitter devices in buildings
nowadays. In general, radiators are determinechassimple heat exchangers which
transfer heat to the building premises throughdheulated water inside of them. The
thermal energy is transmitted to the room spaceslynly the convection process due
to the pipes inside the radiators which usually@eered by fins in order to increase

the surface area which can transfer more heat.

Radiators can be made in a wide variety of deiaes, lengths and even colours. The

following types of radiators are the most commauded /6, ch. 32/:

e Column radiators are manufactured from metal sesfeamlumns which are

welded together

%)”
P;p»pr’,’ ’3
B o Y

FIGURE 2. Example of column radiator /7/
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e Panel radiators consist of manufactured flat meaakels

FIGURE 3. Example of panel radiator /8/

¢ Finned tube radiators are made of steel or copipeispFor steel pipes can also

be used stainless steel or acid-proof steel.

FIGURE 4. Example of finned tube radiator /9/

Radiators can provide the temperature control dakyng the heating season. At first,
the capacity of radiators is selected accordinthéoheat loads of the space — the heat
released from radiator should balance the heaedoss the room. The indoor air
temperature can also be controlled with a helghefrhostat valves, which are installed
near the radiators. The indoor air temperatureidrolled by regulating the water flow
through radiator. The hydronic balancing of heasggtem can also be made with pre-

setting values which are set in the thermostathefadiators /10 /.
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As it was mentioned before, radiators transmit heahe premises due to the natural
convection with the help of high temperature waieculating in it. The space heating
occurs because of temperature difference betweemaitiator surface and the indoor
air. As a result of natural convection process,whem air goes to the upper part of the
room and the colder air stays in the lower parerTthe warm air gets cooler, it comes
down to the floor, the circulation of air begindahe vertical temperature difference in

the room becomes smaller.

According to newest regulations, for new buildinlge required hot water temperature
in secondary radiator heating system loop is desigis 45 °C in the inlet and 30 °C in
the outlet of radiator. The temperature can varg also reach 60°C in the inlet of
radiator, it depends on the size and heating cgpatihe terminal device. The heating
capacity of the radiator depends on the heat Iddbdeoheated space. The total heating
capacity is the sum of capacity of all installediators in the building and does not

have specific limitations in the heating power /11/

Radiators are typically installed in the areas whigye biggest heat losses are found,
such as under the windows, along cold walls ohatdoorways and paths /6/. This way
of integration of the radiators compensates thenthk losses and temperature
discrepancy and thus improves the thermal conditionthe room. By installing the
radiators not only the rooms’ temperature asymmsitiguld be considered but also its
visual appearance. Radiators do not allow usinginttexrnal room space completely.
What is more, the length of radiator should be apipnately the same as the window
which is above radiator, also the height and typeadiators in the room should be

identical as well.

Looking from the indoor climate aspect, it is quaificult to prevent radiators from
collecting the dust. To clean dusts which are acdated inside the radiators is difficult
task. In addition to this, the health problemsdocupants can appear. What is more, the
operation of radiators can cause the convectivairs that may transfer the dust from
the floor to the walls /11/.
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4.2 Underfloor heating

A few years ago the underfloor heating system wate qunusual type of heating in
buildings, although its use started in ancient §intéowever nowadays it becomes more
and more familiar and commonly used solution foacgp heating. In hydronic
underfloor heating system the hot water is cir@dah pipes which are installed in the
floor construction. The heating pipes which forra tieating loops are laid down evenly
through all space area according to the calculatmnheat loads and requirements of
the system. Then, the all heated space is warmethdiphe distribution of heat is even
in the all premise.

The separate calculations in terms of heat demaddoss of the room, the type of floor
construction is needed to make for every buildipgce. According to these calculations
the way of installing the pipes, their diametersl andistance between them, also the

number of heating loops is selected.

The hydronic underfloor heating is based on the temperature hot water system. In
addition to this, the required inlet water temparatto the room is lower than radiator
heating and reaches 30 - 35 °C. The installed pip#se floor construction can also be
used for underfloor cooling in summer time. Theofldemperature with underfloor

heating system is limited; it cannot exceed 29ri&hie occupied zone and 35 °C in the

perimeter area near walls. /1./

In every heated space a separate loop should deAkihough, according to the size of
the area, it can be that more than one loop neeks installed. The loops are connected
to the manifold system, through which the hot wagarches the heated space. Usually,
one manifold is used for heating 6 - 8 rooms. lec® in the building should also be

considered in order to avoid long distances of jpayeg.

Every separate space has its own thermostat clamtrehich regulates the comfortable
indoor air temperature. When the air temperatuaelres the desired or designed limit,
the sensor sends a signal to the manifold anadpissthe water flow to the given room.
The heat accumulated in the floor is gradually aséel to the indoor environment.

When the indoor air temperature drops till the Isinget limit, the water flow is released



20

to the room again. These heating cycles take mangnuously according to the heating

demand and designed values.

Usually the pipes are laid in the concrete and mVvavith insulation material. This type
of installation is called a "wet” system. The irsigeld material is required to reduce the
thermal losses through ground. The concrete fleahé best solution for underfloor
heating because its thermal conductivity is highan that of the other types of floors.
It also transfers heat uniformly. Neverthelesskadtl of floor construction can be used
with underfloor heating system, just more technisalutions are required e.g. the

aluminium plates under the parqueted floor.

The main pipe materials for underfloor heating bancopper, steel or plastic. Thus,
today the light plastic is commonly used such a$ygibylene, polybutylene and
polypropylene pipes. The use of light plastic inderfloor heating is good for its
flexibility, easier installation and lower cost /1The heating pipes can be installed
according to three different methods as single,bowr helical laying, which are

shown in figure 5 below.

o

Single Double Helical laying

FIGURE 5. Different ways of pipes layout /12/

The heating loops also can be laid in different sydput usually pipes are first installed
near the external walls, where the heat lossesharbiggest. Furthermore, the second
small heating loop can be laid near the externdl, wawhich the window is placed.

These types of loops installation can be seergumrdi 6.
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FIGURE 6. Different laying of loops near external valls /11/

The pipes installed in the floor construction dd take extra place in the room space
and for this reason it does not make problems watikrior design. Another advantage
of underfloor heating that it is easy to keep tbermn premises clean — there are no
additional devices which can collect dust that is/wthis heating solution is satisfactory

even for allergic and sensitive people.

4.3 Ceiling heating

The hydronic ceiling heating system is almost tame heating solution as underfloor
heating (Chapter 4.2). The main and the biggederéifice is the pipes’ installation
place. As in underfloor heating the pipes are laidhe floor construction, in ceiling
heating the pipes are mounted onto the ceilingssl@be pipes of ceiling heating are
embedded in the same configuration as in the flaating (see figure 5 and 6). The
installation of the pipes in the concrete of thdirmg surface is defined as the "wet”
system. The "dry” ceiling heating system will beabized in the following Chapter 4.4.
All the possible installation ways of all ceilingdtting solutions are presented in figure
7.

Ceiling heating can cause comfort problems dueigb mean radiant temperature at
humans head level. In addition to this, the surfereperature of the ceiling and its
heating output should be limited. However, the maxn allowed surface temperatures
for ceiling heating are higher compared to underfloeating solution, in case there is
no direct contact between the surface and humag. bdelvertheless, in this case the
height in which the ceiling heating is installesbsld be considered /11/.
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Even the ceiling heating is usable solution forgpace heating, the underfloor heating
remains more effective solution in terms of thedithermal energy transfer to humans
because of their feet contact with the floor. Whsrehis engineering solution is the
best for cooling mode, which is typically appliedoffices, hospitals and commercial
buildings. /11./

4.4 Heating panels

Panel heating is such kind of heating solution witie& indoor air temperature is
controlled by the warm surfaces, called panelsciwtian be mounted on the floor,
walls or ceilings. In hydronic panel heating thé Water is circulated through the pipes,
which are installed into the panels. The panelscatied radiant, when at least 50% of
heat is transferred by the thermal radiation /5,181. This type of heating solution is
also can be counted as floor or ceiling heating @and look almost the same, but the
different way of pipes installation, which are emtled in the fabricated panels, makes
this heating solution distinguish between othemm@ared to the “wet” underfloor or

ceiling heating systems, panel heating is callea ‘@aky”’ heating solution.

Hydronic radiant panels’ heat distribution netwaskusually made from two or four
pipe system. The heating panels transfer the tHezngagy through active temperature

control surfaces to heating spaces by thermal tiadiand natural convection /6, ch. 6/.

While designing the panel heating system it is sga@gy to determine the area and type
of the panels, supply water temperature and wéder fate, amount of panels and their
placing. These decisions are made mainly by the deraands and loads of the heating

space.

The hydronic heating panels have a wide varietygatitions for heating the space,
which depends on the installation place, mateoélghe pipes and construction of the
panels. The available solutions will be shortlyadiuced in the following paragraphs.

There are three types of hydronic metal ceilingatar6/:
1. Light aluminium panels with attached pipe network,
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2. Aluminium face sheet panels combined with the copgees,

3. Excluded aluminium face sheet panels with the copppes.

The installation of metal ceiling panels createsshspended ceiling. This type of panel
solution requires the acoustic insulation. Theimgilpanels can be designed as the
heating emitters to the exact space which requiresoncentrated heat flux or can be

installed over the all space area.

The all possible applications of ceiling heating ahowed in figure 7 below. The first
one is a “wet” ceiling heating solution, when pige embedded inside the concrete
ceiling slab. The second one is the heating pamelde from gypsum with embedded
pipes inside, which are plastered to the ceilinge Tast way of applying the ceiling

heating is using the metal heating panels, whicimfihe suspended ceiling.

4}&“ he%‘\a

with embedded pipes

with free pipes

inside the concrete plastered suspended ceiling
ceiling 6 $
O=—0=—70

Q Q Q | |

FIGURE 7. Types of ceiling heating systems /11/

Other material used for panel heating is gypsums Type of panel heating is usually
applied for wall construction, but also is suitafde ceilings and floors. The pipes are
fabricated into the gypsum sheets which are pledtéo the buildings’ envelope
construction. For wall heating, the panels arealfesi onto the external walls of the
building. The example of this heating system’ itiatebn is presented in figure 8.
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FIGURE 8. Example of heating panels installation tahe walls /11/

Wall heating panels are the least used heatingl sahgion compared with all possible
applications. Nevertheless, it can be the best wfapeating the space when other
solutions cannot be utilized and panels cannotdpdiesd to the floor or ceiling. With

wall heating panels, the interior and location wfture should be considered in order

to have the maximum heat transfer to the space /11/

There are two different solutions for the floor tieg panels. The first one is when the
manufactured gypsum panels with the pipe netwaslidnare mounted in or below the
subfloor. In the second case, the pipes are atatheéhe subfloor using the metal
panels, usually aluminium sheets. The metal cogeisnrequired for better the better
heat transfer to the space. In these both solytithes last floor layer is laid on the

subfloor layer /6, ch. 6/.

The way of controlling the “wet” and “dry” surfadeeating systems are the same, as it
was discussed in Chapter 4.2. The dimensioning;ispaand laying of the heat pipes

are also done by the identical way.
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4.5 Fan coils

Fan coil is the terminal device which combines bu#lating and ventilation processes.
The main elements of fan coil are a finned - tubatimg coil and a fan. The fan section
is responsible of circulating the air continuouslithin the room spaces through the
coil, which is supplied with hot water. The otherportant elements in the fan coil are
motor, damper, filter and automatic control devid&sh a help of fan, no ventilation —

air ductwork is needed for this system. The fariscoan also be used for cooling
processes, where the main fluid is chilled watE8, th. 13.5./ The example of the fan
coil device is showed in figure 9.

FIGURE 9. Example of a fan coil /14/

Fan coils can provide the room temperature comlwoing heating and cooling seasons
by supplying the desired air temperature. Fan cojgerate at medium water
temperature, the supply water temperature for hgaiurpose is in a range of 60 — 45
°C with the available temperature drop of 5 -10 T@e heating power for this terminal

device is unlimited and is related to the sizehef ¢oil and the fan. /11./

When there is a change in the air temperatureeh#ated room, the room thermostat
sets the signal to the automatic control valve. Vake opens or closes in order to
regulate the hot water flow to the fan coil to pdevthe required amount of heat to the

room by the circulating air. The set point can lkeéeded to the desired limit. The
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heating capacity of this terminal device can betradled by regulating the hot water
flow through coil, air bypass or fan speed /13,Xh5/.

The fan coil system is the convective heating sysiénich is based on the controlling
of air temperature by blowing heated air to thecep&or this reason, using fan coils for
space heating can cause few problems such asdgberhbisk of draft and temperature
bedding. The higher air velocity in the room alsm be the purpose of an undesirable

dust circulation in the room.

This type of heating system requires more maintemamd service work compared to
others. As it at the same time offers ventilatiorttte space, with the time, the fan in
this device releases more noise, which can becamdesirable. Every fan coil also

should have the condense line inside that reqpeesdical cleaning. Due to this fact, it

is difficult to control the bacterial growth, whidfas a good environment to grow. The
filters are also needed to change quite often Isecad their small size and poor
effectiveness. /13, ch. 13.5./

Fan coils are typically mounted on the floor andirog or can be applied in the recess
of the room. It is also possible to locate themtba walls, but in this case the

integration level is lower. /6, ch. 31.1./

4.6 Summary of the heating systems

Every heating system has its own benefits and negaspects. Obviously, there is no
question of comparing the different heating systemyg by the theoretical background
— system characteristic, designing water tempegatand other requirements. There are
too many variables in selecting the heating sys#ssrit was discussed previously, even
the same heating system has the different solutibnsstallation way and place, the
type of heating device or pipes. The main diffeemnlbetween analyzed heating systems

are presented in table 6.
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o _ Underfloor N _ _ )
Characteristic Radiators ) Ceiling heating Heating panels Fan coils
heating
Type Hydronic system|  Hydronic system  Hydronic syste Hydronic system| Hydronic syster
Working . . . . .
45 (60) - 30°C 35-30°C 40-35°C 40-35°C -0 °C
temperatures
) Air and operative| Air and operative| Air and operative _
Control Air temperature Air temperature
temperature temperature temperature
Main controlling Thermostatic Thermostatic Thermostatic Thermostatic
_ Control valve
device valve sensor sensor sensor
Main heat transfer Natural Radiation, natural Radiation, natural Radiation, natural _
_ ) ) ) Forced convectior
way convection convection convection convection
: : o Depends on ——
Heating capacity No limitations 165W7m 90W/n¥ _ _ No limitations
installation place
Typically _ In the floor In the ceiling Floors, walls, .
_ _ Under windows _ _ - Floor or ceiling
installation place construction construction ceilings

Collection of dust,

higher vertical

Uniform thermal

Uniform thermal

Uniform thermal

Draft risk, dust

movement, air

Comfort _ _ _ o
temperature environment environment environment stratification
difference affect
Application of
) No Yes Yes Yes Yes
cooling
Free use of
, _ internal place ( for , _
Terminal devices Terminal devices
_ Free use of Free use of wall panels, the
Interior occupy the room occupy the room

space

internal place

internal place

place of furniture
should be

considered)

space

Another very important aspect in comparing theedéht heating systems is the variaton

of air temperature in the heated space. In figlres showed the temperature variations

in underfloor heating, ceiling heating and heatwigh radiators and fan coils. The

measurements of the temperature were done at1he @nkle level), 1.6m (neck level

of standing person) and 2.7 m height of the roohesg points were selected due to the

humans’ body sensibility. All these heating systemescompared with the ideal heating

systems prototype.

)
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Ideal heating Underfloor Ceiling Radiators Fan coils

FIGURE 10. Air temperature variation in a space wit different types of heating
systems /15/

As we can see from figure 10, the underfloor hgasgstem is the nearest heating
solution to an ideal heating. This means that oaotgpfeel the best thermal comfort in
the room with integrated underfloor heating systéuailing heating takes the second
place, while heating with radiators and fan coileate the much bigger vertical
temperature difference in the heating space, whelans the lower thermal comfort.
The temperature asymmetry is lower in heating vathators system than fan coils. The
heating panels have the same temperature varig¢idarmance as underfloor or ceiling

heating and depend on their installation place.

All these reasons show why the building simulatioal will be used. The computer
programme will help to find the answer, which hegtsystem is the most suitable and

effective for an office building in the terms ofeggy consumption.

For the first office simulation part, the radiategating, underfloor heating and ceiling
panels are selected. The choice was made by ptiediaan different installation place,
supply and return water temperatures also by thi@npeance of temperature variation
in the heating space. The fan coils were rejectechllse to compare the heating
systems with the combination of heating and vetnditasystem is quite beside the
purpose.
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5 BUILDING SIMULATIONS

5.1 Simulations of the heating systems

In the first office simulation part, the radiatoedting, underfloor heating and ceiling
panels as the main solutions for space heating lv@licompared. The best heating
system for an office will be found in the termslafvest energy consumption and E —
values. For this case study, a two floor buildirighvihe net heated area 1806.4 will

be investigated. The office plans and the explcetiof the rooms can be found in
Appendices. The building is located in Helsinki,atfeer zone |. The climate data is
taken as Helsinki — Vantaa 2012 reference weathi@. dn office building is connected
to the district heating system. The main entranicéhe building is orientated to the

North West. The building is showed in figure 11.

FIGURE 11. Building facade and orientation

For the first simulation all the design values, dexk for energy consumption
calculations, are taken from the National Builddgde of Finland, D3 /3, 4/. All these
values are regulated for an office type of a baidiThe detailed values are presented in
the chapter 3.4. The initial data needed for tih&t imulation part is showed in the

following tables and figures.

The selected layers, thickness and U — valuesft#reint building envelopes are given
in table 7.
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TABLE 7. Constructions of building envelope

Envelope Layers Thickness, m U — value, WK
External wall Plaster of lime mortar 0,01
Concrete 0,1
Mineral wool 0,252
0,17
Concrete 0,1
Plaster of lime mortar 0,01
5 0,472
Roof Bitumen 0,01
Mineral wool 0,486
Concrete 0,15 0,09
Plaster of lime mortat 0,01
Y 0,656
External floor Linoleum 0,005
Aerated concrete 0,02
Concrete 0,1 0,16
Polystyrene 0,235
Y 0,360
Internal wall Gypsum board 0,013
Air gap 0,07
Gypsum board 0,13 a1t
5 0,096
Internal floor Linoleum 0,2
Aerated concrete 0,08
Insulation 0,05 0,29
Concrete 0,47
¥ 0,8

The extra conductance coefficients needed for Gaion of heat looses through
thermal bridges are taken from National Buildingd€mf Finland, D5 /2/. The main
material for all external building envelopes’ frasnis a concrete. Values of thermal
bridges for different study case building envelop@sl constructions are showed in
figure 12.



Thermal bridges

None Good Typical

External wall / internal slab
U W/K/(m joint) |

. . (total for both adjacent
External wall / internal wall zones)

O W/K/(m joint)

: . (total for both adjacent
External wall / external wall zones)

U W/K/(m joint)

External windows perimeter

External doors perimeter

Very Poor

W/K/(m perim)
W/K/(m perim)
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Roof / external walls
U 0.08 W/K/(m joint)
External slab / external walls T]
0.24 W/K/(m joint)
1 ] 2 r—-
Balcony floor / external walls ]
U W/K/(m joint )
: L [P wKimpn
External slab / Internal walls ]
U [0 wWiKim joint)
- - (total for both adjacent L ——
Roof / Internal walls zones) C ]
D W/K/(m joint)
' ' (total for both adjacent =
zones)

External walls, inner corner

Total envelope area

W/K/(m joint)

(negative number)

D WI/K/(m2 envelope)

(alternatively enter W/K/(m2 floor area))

FIGURE 12. Extra conductance coefficients of thermiabridges for different

building envelopes and constructions

Extra energy and losses in this case includeshérental energy needed for domestic hot
water and distribution losses of domestic hot watssuit. The values taken for the

calculation and simulation processes are giveiguré 13.
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Extra energy and losses

r Domestic Hot Water Use

Average hot water [ 103.0 | IL/m2 floor area and year E] Distribution of hot water use
use -

[© Uniform B[ﬂ
[T_DHW = 55°C (incoming 5°C); find further details in Plant and Boiler; [The curve is automatically rescaled to render given average
DHW can, optionally or additionally, also be defined at the zone level] total usage]

Distribution System Losses -

Domestic hot water circuit

‘_J W/(m2 floor area) % to zones*

| 1
Heat to zones

- % of heat delivered by plant o -
: : : % to zones
U (incl. delivered to ideal heaters) D ¢
I I 1
Cold to zones i :
: . o of cold delivered by plant o *
No aicer: avaslalo i | (incl. delivered to ideal coolers) otoZones
Sﬁpply air duct losses
— W/m2 floor area, at dT_duct o, *
i 50 % to zones
U D _to_zone 7°C -
| l [*Share of loss deposited in zones
None Good Typical Poor Very poor according to floor area]

FIGURE 13. Extra energy and losses of an office biding

In this case study, the plate heat exchanger écteel as the heat recovery unit with a
heat recovery efficiencyy = 0,6. The exhaust air temperature is limited aadnot
exceed 0 °C in order to avoid the frost formationtiee extract air side during winter
time. The specific fan power (SFP) is equal to 2/&u#s) and is divided into 1,2
kw/(m?s) for a supply air fan and 0,8 kWAIs) for an exhaust air fan. For an office’
ventilation system, the central air handling unittmeconstant air volume system (CAV)

is selected.
All the values which were mentioned in this chaptaélt be used for the whole first
office building simulation process. The calculatexht demand for this office building

is showed in table 8.

TABLE 8. Heat losses of the study case building

Zone of the building Heat losses, W
15 floor 19446
2" floor 25007

Y 44453

By knowing the heat demand for an office builditige designing and simulation of
different heating systems can be made. The totl demand of a building is 44,5 kW.
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The heating systems will be designed separatelyhiorf and the > floors according

to their own heat demand.

5.1.1 Heating with radiators

At first, the study case building will be simulatetth installed radiator heating system.

The initial data for designing the radiator heatsiygtem is given in table 9.

TABLE 9. Initial data for designing the heating sysem with radiators

15 floor 2" floor
Maximum heating power 20,0 kW 25,0 kW
Supply water temperature 50°C
Return water temperature 30°C

The annual efficiency of distribution system ofieddrs iSnspace= 0,9 /4/.

The main needed information for comparing differeaating systems is the amount of
delivered and used energy for heating purposes. disieibution losses of heating
systems will also be considered. The simulationltesvith radiator heating system are

presented below.

TABLE 10. Delivered energy overview with radiator heating system

Delivered energy Primary energy
kWh kWh/n? kWh kWh/n?
Lighting, facility 40296 22,3 68503 37,9
B | Equipment, facility 40296 22,3 68503 37,9
HVAC aux 31183 17,3 53020 29,4
B | Cooling 3772 21 6413 3,6
B | Heating 100911 55,9 70637 39,1
B | Domestic hot watef 14449 8,0 10114 5,6
Total| 230912 127,8 277190 153,4
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TABLE 11. Used energy with radiator heating system

kWh (sensible and latent)

Month |Zone heating|Zone cooling | AHU heating | AHU cooling | Dom. hot water

—J /3 | | I

1 9991.0 0.0 8686.0 0.0 1190.0

2 9172.0 0.0 8066.0 0.0 1075.0

3 8411.0 0.0 7067.0 0.0 1190.0
4 4058.0 -0.0 3118.0 38.5 1152.0
5 903.1 -0.0 435.7 751.9 1190.0

6 330.3 -0.0 48.0 1460.0 1152.0

7 4.4 0.0 0.7 3694.0 1190.0

g 26.6 6.7 15.6 3319.0 1190.0

9 1082.0 0.0 521.1 160.0 1152.0
10 3917.0 0.0 2310.0 0.0 1190.0
11 7308.0 0.0 5433.0 0.0 1152.0
12 9393.0 0.0 7586.0 0.0 1190.0
Total 54596.4 6.7 43287.0 9423.4 14013.0

Annual distribution losses for radiator heatingtegsis 12010,8 kWh/a.

5.1.2 Underfloor heating

The initial data for theSland the 2 floors of an office is the same. The design power
22 Win? for the F floor and 28 W/rAfor the 29 The supply water temperature is 40
°C with the temperature drop of 5 °C. The annufitiehcy of distribution system of
underfloor heating of ground based laying {tbor) is nspace= 0,8 andnspace= 0,85 for
slab against warm space$4®oor) /4/. The heating pipes are laid in the depth of 0,04
m under the floor surface. For this simulation, tvet” underfloor heating solution is
selected, where pipes are installed in the condiete slab. In this case, the heat
transfer coefficient 30 W/AK. The installation way of underfloor heating systés

showed in figure 14.

FIGURE 14. Underfloor heating laying in an office
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The simulation results with underfloor heating systare presented below.

TABLE 12. Delivered energy overview with underfloorheating system

Delivered energy Primary energy

kWh kKWh/n? kWh KWh/n¥t

Lighting, facility 40320 22,3 68544 38,0
- Equipment, facility 40320 22,3 68544 38,0
HVAC aux 31235 17,3 53100 29,4

. Cooling 3777 2,1 6421 3,6
B | Heating 107418 59,5 75193 41,6
B | Domestic hot water 14449 8,0 10114 5,6
Total 237519 131,5 281916 156,1

TABLE 13. Used energy with underfloor heating syste

kWh (sensible and latent)

Month |Zone heating|Zone cooling | AHU heating | AHU cooling|Dom. hot water
1 ] 1 —1 ]

1 11794.0 0.0 8390.0 0.0 1190.0
2 10487.0 0.0 7757.0 0.0 1075.0
3 9609.0 0.0 6794.0 0.0 1190.0
4 4141.0 0.0 2947.0 38.9 1152.0
S 740.8 0.0 459.0 7527 1190.0
6 310.0 0.0 53.8 1458.0 1152.0
7 0.0 0.0 0.7 3694.0 1190.0
8 0.0 17.0 16.2 3321.0 1190.0
S 1128.0 0.0 541.2 159.7 1152.0
10 4842.0 0.0 2212.0 0.0 1190.0
11 8941.0 0.0 5227.0 0.0 1152.0
12 10502.0 0.0 7304.0 0.0 1190.0

Total 62494.8 17.0 41701.9 9424.3 14013.0

Annual distribution losses for underfloor heatiygtem is 13747,3 kWh/a.
5.1.3 Ceiling panels
For the last simulation in this part, the metalingi heating panels are selected. The

panels are designed separately for each floor dicgpto its heat demand. As it was

mentioned before, the''floor needs 19,5 kW for heating the spaces an@®the 25,0
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kW as well. The designing power value fétfloor is taken with a reserve and reaches
20 kW. The simulation programme will not take m@ewer than it is needed for
heating. The annual efficiency of distribution gyst of ceiling heating of system
against warm spaces®{%loor) is nspace= 0,9 andnspace= 0,85 for system installed
against ceiling (2 floor) /4/. The supply water temperature is set4f °C. The
installation way of ceiling heating panels is shdwefigure 15.

FIGURE 15. Ceiling heating panels in an office

The simulation results with ceiling panel heatiggtem are presented in the tables

below.

TABLE 14. Delivered energy overview with ceiling hating panels

Delivered energy Primary energy

kWh kWh/n? kWh KWh/n¥t

Lighting, facility 40316 22,3 68537 37,9
- Equipment, facility 40316 22,3 68537 37,9
" | HVAC aux 31289 17,3 53191 29,4

B | Cooling 3778 2,1 6423 3,6
B | Heating 1004400 57,8 73080 40,5
- Domestic hot watef 14449 8,0 10114 5,6
Total 234548 129,8 279882 1549
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TABLE 15. Used energy with ceiling panel heating system

kWh (sensible and latent)

Month |Zone heating|Zone cooling| AHU heating | AHU cooling | Dom. hot water

—1 —1 —1

1 10415.0 0.0 8805.0 0.0 11590.0

2 9389.0 0.0 8107.0 0.0 1075.0

3 8693.0 0.0 7131.0 0.0 1190.0

< 3768.0 0.0 3144.0 38.6 1152.0

5 686.3 0.0 520.0 753.9 1150.0

6 150.0 0.0 67.0 1461.0 1152.0

7 0.0 0.0 0.7 3699.0 1190.0

8 0.0 10.5 16.4 3323.0 1190.0

9 1142.0 0.0 655.7 159.8 1152.0
10 4686.0 0.0 2487.0 0.0 1190.0
11 8416.0 0.0 5534.0 0.0 1152.0
12 9795.0 0.0 7662.0 0.0 1190.0
Total 57140.3 10.5 44129.8 9435.3 14013.0

Annual distribution losses for ceiling panel hegtgsystem is 12574,2 kwWh/a.

5.1.4 Results

The energy performance results of an office wite tldiator heating, underfloor
heating and ceiling heating panels will be compar€de simulation results as a
delivered energy, E — value, used energy for hgaéind distribution losses in the

heating network for every case are presented below.

Delivered energy for heating
108000

106000

104000

102000

100000 -

98000 -

Delivered energy for heating, kWh/a

96000 -
Radiators Underfloor Ceiling panels

Heating system

FIGURE 16. Annual delivered energy for heating of dferent systems
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The annual delivered energy for heating is givefigare 16. As we can see from the
graph, the radiator heating requires the lowestunof energy needed for heating
purpose from all heating solutions. The ceiling gldmeating takes the"®place while

underfloor heating shows the worst results. Thismsethat underfloor heating needs

the biggest amount of the delivered energy forihgat

The total delivered energy of an office with difat heating systems is showed in
figure 17.

Total delivered energy
240000

238000

236000

234000

232000

230000 -

228000 -

Total delivered enegy, kWh/a

226000 -
Radiators Underfloor Ceiling panels

Heating system

FIGURE 17. Total delivered energy with different hating systems

The graph shows the same tendency as it was destbss$ore with delivered energy for
heating purposes, because the total delivered gneittp different heating systems
differs almost only due to different heating sauat. Once again, the radiators need the
lowest amount of energy per year. The ceiling paneduire more than 3600 kWh and

underfloor - more than 6600 kWh each year comptreddiator heating solution.

In the following figure 18, the E — values for eyéeating system case are given. The E
— value shows the relationship between the totileted energy per total heated area.
For this study case, an office building, the E lugaannot exceed 170 kWArd/.
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FIGURE 18. E — value with different heating systems

The E — value graph shows that in all differeniesashe energy consumption per heated
area does not overpass the maximum limited valbes. gffice building is quite energy
efficient, because 155 kWh/nt is much smaller than 170 kWh?rimited in National
Building Code of Finland, D3 /4/. The differencestweeen all 3 study cases are rather

small, though the building with radiator heating@sfs the best result when E — value is
153,4 KWh/m.

Used energy for space heating
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FIGURE 19. Annual used energy for space heating alifferent heating systems
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Distribution losses
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FIGURE 20.Distribution losses of different heatingsystems

In figure 19 and 20 presents the annual used erferggpace heating and distribution
losses of different heating systems. In both c#sesadiator heating is leading with the
lowest results. The radiator heating solution Hees lowest distribution losses in the
system because of the highest efficiency of distiiim for space heatingpace

Other important aspects in comparing the heatirgtisas are the created indoor
climate and thermal conditions in an office. In thitee study cases, the percentage of
total occupant hours with thermal dissatisfacti®®D) is the same and reaches 6%.
According to Standard EN 15251 “Indoor environmepi@ameters of assessment of
energy performance of buildings”, an office builglinvith all 3 different heating
solutions corresponds to the best | Category otiding thermal comfort. /17./ The
value of CQ concentration in an office building is 436,5 ppndatates constant in all
three cases and does not exceed the limited valz&Ooppm for the best building class
S1. /18./ Nevertheless that the £€oncentration as well as a relative humidity, vahic
varies from 30,3 to 30,7 %, is controlled by theatuation system and the heating
solutions do not take part in this, the resultswshimat indoor climate conditions in this
office building is satisfactory and meet the reguients.
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The comparison results of indoor air and operataeperatures with different heating

systems are given in the charts below.

T 235
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1 Ceiling panels
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FIGURE 21. Indoor air temperatures in an office with different heating systems

As we can see from figure 21, with the same desidreat power the different indoor
air temperatures were reached for different heasiolgitions. The radiators and the
underfloor heating show relative similar resultsiiles ceiling panels are lagging. This
characteristic claims that for maintaining the reegh indoor air temperature, the
different designing heat power should be seleabedlifferent heating systems. In this
case, the indoor air with ceiling panel heatingisoh does not reach the 21 °C during
the heating season. This means that the desigreagy gower should be increased,
because the system with the maximum power inpus taé¢ reach the needed values.
Comparing the radiators with underfloor heating,c&a see that with the same heating
power, the higher indoor air temperatures are m@etith underfloor heating solution.
This indicates that the lower heating power caddsgned for maintaining the required

indoor air temperature.
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FIGURE 22. Operative temperatures in an office withdifferent heating systems

Figure 22 illustrates the changes of operative tatpre in an office with different

heating systems. The results show that the indwoaral operative temperatures are
almost the same, maintained by a convective radfaating system — the occupants
feel the same temperature as the heat emitteraeleadiator, releases to the room. The
radiant heating solutions as underfloor or ceilipgnel heating, reach the higher
operative temperatures with the same designingpgmaér. The occupants with radiant
heating systems feel higher temperature than &ased from the heating panels. This

means that the lower temperatures are neededItthéedesired thermal comfort.

To sum it up, in spite of the fact that radiatoatimey system has the highest supply
water temperature compare to other heating systdrassimulation shows that this is
the best heating solution for this case study mgldTaken into consider the all energy
consumption aspects, the radiator heating systetieideader compare to underfloor
and ceiling heating solutions. Even the simulatiesults show the small differences
between underfloor and ceiling panel heating, aigfothe ceiling panels is a better
heating solution for this office building than umfi@or. The lowest amount of energy
consumption and heat losses in distribution netvidicate that heating with radiators

is the most suitable solution for this buildingtire terms of energy efficiency. This is
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the reason why radiator heating system in an offigéding is selected for the second

simulation part.

5.2 Simulations of energy saving

In this chapter the more detailed analysis of alystcase building with the radiator
heating system will be made. The second simulatiinhelp to find the answer if the

energy consumption of an office can be reducethithpart, the parameters of building
air tightness, glazing type of windows, solar shgdand orientation of the building will

be changed by trying to find the best solutionstifits building. Finally, the differences
of energy consumption of this office will be compamwhether it is located in Finland
and in Lithuania.

5.2.1 Air tightness

One of the cheapest ways to reduce the buildingggreonsumption is by making the
building more air thigh. The simulation with 4 @ifent leakage air valuessgqwill be
made in order to investigate how the leakage aguigh building envelopes change the

energy consumption.

TABLE 16. Energy performance with different air leakage values

gso,m*/h, n? Qeak KW Delivered energy, kWh
1 1,83 210068
2 3,65 215702
3 5,72 221238
4 7,31 226939

In table 16 is showed the simulation results oftHesses and total delivered energy
with different go values. We can see from the results that with togge value, the
lower heat losses due to leakage air through mglénvelopes are gotten. This means
that with lower go value, the less energy for heating is neededigurd 23 below is
presented the visual data of the heat losses dae& teakage and an annual delivered
energy dependence on the air leakage coefficidis.graph shows that by reducing
the air leakage in the building and making it manetight, the better performance of

energy consumption is achieved.
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FIGURE 23. Delivered energy for different go values

5.2.2 Glazing type of the windows

The type of windows’ glazing also affects the egedgmand of the building. The
different glazing types of windows will be comparedth different solar energy
transmittance coefficients (g — value) by tryingkeep the same thermal transmittance
coefficient (U — value) of the windows. The begtdéyof windows will be found in the

terms of lowest energy consumption. The simulatesults are given in table 17.

TABLE 17. Energy performance with different glazing types othe windows

Glazing type g - value Solgr U — value, Delivered

transmittancg  W/(m?K) energy, kWh
e e S I Bl Lo 210098
PLANNITHERM ULTRA +ar| 0% | 048 Lo 209987
PLANNITUERM ONEvar | 0% | oM Lo 21089
PLANNITHERM ONErar | 046 | 038 | 085 | 21058

Figure 24 illustrates the simulation results wiiffedent types of window glazing. As
we can see from the graph, the best glazing typdiso is the Saint Gobain T4-12m.
PLANNITHERM ULTRA + ar with the g — value of 0,58he higher g — value requires
the less energy demand, which means the lower grn@gsumption as well. The
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glazing type with higher g — value transmits thgger amount of solar radiation to the
room and with higher solar gains of the buildirftg heat demand for heating purposes
are reduced.
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0,55 0,56 0,49 0,46
G-value

FIGURE 24. Delivered energy for different types ofj - values of windows

Windows with higher g — value mean not only thedoweat power during the heating
season but also a higher cooling power in summertduhe better solar transmittance
to a building. In this case, for better evaluaidrenergy savings, the cooling demand of
an office could also be taken into consideration.

5.2.3 Orientation of the building

Orientation of the building, especially its windgws an important factor in energy
consumption calculations because the solar radigithe reason of external solar gains
to a building. These heat gains reduce the reqteanal energy in building during the
heating season and can cause the overheating imautime. In this work, the energy
demand both for heating and cooling systems wiltdrgsidered.

There are two different types of windows in thidiacgd - 31 windows with the
dimensions of 2,0x1,7 m, 2 windows of 1,2x1 m arsindller windows of 1,2x0,5 m.

The total area of all windows is 110,2.rithe area of external door is 3,78. m
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The building orientation to all possible sides v investigated in order to find the

best direction of an office. The building orientattiis set according to its main entrance.

All simulation results with different types of dattoons are given in table 18 and figures

below.

TABLE 18. Energy consumption with different building orientation sides

Orientation of

a building

Direction of windows

Delivered energy
kWh

Energy for heating,
kWh

Energy for cooling,
kWh

East

5 windows to East
14 windows to South
8 windows to West
10 windows to North

213056

83081

3782

South East

5 windows to South East
14 windows to South West
8 windows to North West
10 windows to North East

212868

82868

3796

South

5 windows to South
14 windows to West
8 windows to North

10 windows to East

213206

83202

3803

South West

5 windows to South West
14 windows to North West
8 windows to North East
10 windows to South East

213343

83353

3789

West

5 windows to West
14 windows to North
8 windows to East
10 windows to South

213576

83592

3774

North West

5 windows to North West
14 windows to North East
8 windows to South East
10 windows to South West

213315

83344

3788

North

5 windows to North

14 windows to East
8 windows to South
10 windows to West

213361

83337

3802

North East

5 windows to North East
14 windows to South East
8 windows to South West
10 windows to North West

213155

83173

3785




47

250000
200000 -
©
S~
S 150000 -
; m Delivered energy
E: 100000 - W Energy for heating
w
1 Energy for cooling
50000 -
0 -
East South West North
Direction of the building

FIGURE 25. Energy consumption with different direcion sides of a building
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FIGURE 26. Energy consumption with different direcion sides of a building

The simulations show quite similar results withfeliént direction sides of an office
building. Although, the simulation result of Solast direction makes it conspicuous
because of the lowest values of delivered energyemergy needed for heating. In this
case, the amount of needed energy for cooling [gerp® in the middle compared to
other directions, but orientation ( to West sidajhwlowest amount of energy for
cooling requires the highest amount of deliveredrgyn This is the reason why it can
be concluded that the best energy performance isfdffice building is when it is
situated to the South East side with the energgwmption of 212868 kWh.
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5.2.4 Solar shading

Simulation results show that the operative tempiegain this office building does not
exceed 2T during all year. This means that where is no rneenhstall the external
shadings in this building which can help to avdwé bverheating process during the
summer time. The installation of external shadimgghout the consideration also can
increase the heat demand of building during thdimgpaeason because the external

shadings prevent the transmittance of solar ramtiatirough windows.

In this case, the energy consumption with integratendow shading will be analyzed.
The selected internal blinds can be easily comtdoby the occupants. These internal
blinds can be lifted up or dropped down accordmmgdlar radiation and light. This solar
shading solution is cheaper and much easier renwwaimpare to external solar

shadings.

In this study case, one floor is modelled as oneezdn the real building, there are
several zones in the floor, so these results ollsition are not comparable to real
building. The more detailed model of an office dinb is needed to get more trustful

simulation results.

The results of purchased energy with installedriveteblinds are showed in table 19 and

figure 27.

TABLE 19. Comparison of solar shading types

_ Energy for heating, Energy for cooling, Delivered energy,
Type of solar shading
kWh/a kWh/a kWh/a
No 82868 3796 213206
With internal blinds 80732 4006 210954

Figure 27 illustrates the simulation results andveh that installed internal blinds
reduce the required energy for heating, as wethastotal delivered energy per year.
Despite the fact that an office building with intatpd internal blinds needs the bigger
amount of energy for cooling, the total energy dfualding is still being saved. The

energy savings for heating (2136 kWh/a) purposesva®igh the higher energy demand
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for cooling (210 kWh/a) more than 10 times. The #atue of this office building with
integrated internal blinds is 14%8vh/n?.
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FIGURE 27. Comparison of solar shading types

5.2.5 Location of the building

In this part, the energy consumption of an offiagélding will be compared in the

different locations. The final version of simulateffice in Helsinki will be paralleled

with the same building which is located in Vilnidsthuania. Only the location and

weather data will be changed, all other paramedérthe building and engineering

solutions will stay unaltered.

TABLE 20. Data of Helsinki and Vilnius weather zons

) Designing Annual mean
_ _ . _ Elevation,
City Latitude, Longitudé, outdoor outdoor
m
temperature, @ temperaturéC
Helsinki 60.1 N 24.56 E 4 -26 +5,3
Vilnius 54.63 N 25.28 E 156 -23 +8,5

The simulation results of an office building withchtion in Helsinki and in Vilnius are

presented in figure 28.
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FIGURE 28. Comparison of different locations of aroffice

As figure 31 illustrates, the heat demand of arcefbuilding located in Vilnius is lower

compared to its location in Helsinki. This can beplained by the higher designing
outdoor temperature in Vilnius during heating seatttan in Helsinki. The warmer

climate and the lower temperature difference betwtbe outdoor and indoor air needs
the less energy for heating per year. The Lithuafiechnical Regulation of Building

Constructions (STR) /19/, the same as National ddugl Code of Finland, does not
regulate the reference values for thermal tranamut# coefficients (U — value) of
building envelopes. This means that the higher Walues of materials or thinner
building envelopes can be selected for this bugdmLithuania.
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6 DISCUSSION

The main idea of this Bachelor thesis was to fincaaswer if the energy can be saved
in an office building. This work mainly concentrdten heating systems. The study case
building is located in Helsinki, Finland with thetal heated area of 1806,4.m

Firstly of all, the comparison of heating systenmaswnade in order to figure out which
one from the radiator heating, underfloor heaticgjling heating, heating panels and
fan coils is the most suitable for an office bulgli The results of technical literature
review and the first simulation part show that thest heating solution in terms of
energy consumption for this case study buildingadiator heating. Nevertheless, the
radiator heating system does not show the besttsesuthe created thermal comfort
and temperature variation in the space. This sthi@sat present there is no heating
solution, which gives the best values in all catexgp The heating solutions which

maintain better indoor climate require more enengy vice versa.

In the second simulation of this work, the diffaréactors and parameters of an office
building were changed. With the help of simulateoftware IDA ICE, the different
properties of air tightness, glazing types of wiwdporientation of building and solar
shading solutions were investigated. The main ditih@se changes was to understand

how the simple engineering solutions can affecttiergy consumption of a building.

The parameters of construction elements and mistesiaape and area of an office had
not been changed during the simulation processariyzing the simulation results it

was determined that:

e The air tight building has less heat losses dueakage air and this reduces the
thermal energy demand. In designing process, thedballowable air tightness
value should be selected.

e Windows with the same U — value but higher g — #and solar transmittance
coefficient reduces the needed total energy of dédibg because a better
transmittance of solar radiation to the buildingmises increases the external

heat gains, which decrease the heat losses.
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e The simulation with an office building showed thesb energy performance
results with its orientation to the South East si@eentation of the building,
especially its windows, is an important factor oeegy demand due to the solar
gains to the building. The variation of amount aflicered energy to the
building between different orientation sides wagerthan 700 kWh per year.

e Even the simplest type of internal shading decie#se needed thermal energy

demand for building.

The simulations of an office situated in differémtations defined that higher amount of
thermal energy is needed for the building in a eoldimate zone. The better insulation
materials and lower thermal transmittance coeffitseof building constructions are
required in Helsinki than in Vilnius. Nevertheless,order to save energy by reducing
the heat losses due to conduction through the ibgildonstruction elements, the

materials with the best U — values should alwaysdbected.

Comparing the primary version of this office buildiwith the same office after th&92
simulation part of changing the parameters of ddimg, it is obvious that by taking
into consideration the parameters, which were raetl above, the energy can be
saved. The results show that after all possibleukitions, the delivered energy for
heating purposes decreases from 100911 kWh/a 8280 h/a. Due to the changes of
air tightness, g — value, orientation of buildingdashadings more than 20000 kWh of
energy can be saved per year.
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7 CONCLUSIONS

Nowadays, in energy saving times, people startethke care about the environment
and sustainability all around them. The considadedigning of HVAC systems in

buildings is one of essential part of reachindIite many variables should be taken into
account for finding the best solutions in buildings order to create the required

conditions and satisfactory climate indoors.

In this technology ages the computer simulatiorgmammes are used to find the most
suitable engineering solutions for buildings. Thpsegrammes allow investigating the
building with different solutions and stated coratis, which let to analyze all possible
designing ways. What is more, the computer simutatibols let designers to predict the

energy performance of the building.

In this Bachelor’s thesis, the simulation progranidé ICE was one of the main tools
in finding the answer to my research question. Witd help of IDA ICE, it was
established that the radiator heating system isnib&t suitable for the study case office
building. It showed that more engineering solutidos underfloor and ceiling panel
heating should be made to increase their systewiegity and reduce the distribution
losses. Moreover, the programme let to find therggnsaving ways. The considered
designing of orientation of building, glazing typé windows, air tightness and solar
shading solutions can reduce the energy consumjstibuildings. Finally, answering to
my research question, the considered solutionsuildibg designing process can save
the energy even in the energy — efficient buildinfisis study case showed that more

than 20000 kWh of energy can be saved each year.

In my point of view, the simulation programmes vk more and more used in the
designing process of buildings’ HVAC system. Congputools make calculations
easier, faster and more precise, also let the eaggrto predict the energy performance
after the installation of systems. This helps tsigie the most suitable and energy
efficient systems, which save buildings’ energy &ntb the high requirements.
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For further studies, all the heating systems cdwddanalyzed more. The design of
different heating systems could also be done. Whahore, for finding the energy

savings, few areas as solar shadings or glazirgstgp windows should be focused on
for more detailed investigation. This could be reatby creating more accurate model

of an office building, which would be comparabldtwihe real case.
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Appendix 1

Plan of first floor
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@ ] @ Explication of the room

Room No Type Area, m?

Office room 149,6800
Office room 4.120(
@ Office room 4. 120(
Office room 4.120(

Meeting room 149.6300
Copying room 75,8800

Office room 58.6000 |
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Office room 8.890(

Office room 9.300(

10 Break room 4.400(

11 wC 0.860(

@ @ @ @ @ 12 Straicase 3.71
13 Corridor 145.6300
@ o Technical room 21,8300
Total{ 903.2000




Plan of second floor
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Appendix 2

Explication of the rooms

Room No Type Area, m*
14 Aeeting room 149.6800
15 Office room 64,1200
16 Office room 64,1200
17 Office room 64,1200

18 Meeting room | 149,6300 |
19 Storage 75,8800
20 Office room 58,6900
21 Office room 58,6900
22 Office room 59,3500
23 Break room 64,4900
24 WC 10,6600
12 Straicase 13,7100
25 Comdor 145,6300
26 WC 21,8300
Total] 903.2000




