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Background and objective

Many of the building concepts for current and future energy-efficient buildings are based on
highly-insulated building envelopes, such passive houses, zero emission buildings or nearly-zero
energy buildings (nZEB). As the building is highly-insulated, it is possible to simplify the space-
heating distribution subsystem and reduce the number of heat emitters to a few elements. One
solution is to use a hydronic distribution equipped with few low-temperature radiators, for
instance, one in each floor as well as one in the bathroom. This solution reduces thermal losses
from the pipes and the investment, but theoretically provides for less thermal comfort than a
complete/standard loop. This Master thesis investigates the thermal efficiency of the space-
heating distribution, essentially as regards thermal losses from pipes, and also of the heat storage
tanks. This work is performed within the framework of a competence project supported by
Husbanken and in collaboration with the ZEB centre and the EBLE project.

This Master thesis is the follow-up of two specialization projects where two similar passive row
houses and two similar passive apartments of the MiljeGranasen project developed by Heimdal
Bolig were investigated. Based on these building geometries, two different heat distribution
systems will be designed (one simplified and one standard). These systems will be implemented
in existing IDA-ICE model(s) and their respective energy efficiency investigated.

The following tasks are to be considered:

1. Critical analysis of results from the first measurement and interview campaign.
2. Literature review about thermal losses from hydronic systems (e.g. EN 15316).
3. Design of the two distribution systems (simplified and standard approaches) with a detailed

description of the design rules that have been used. Ideally, Norwegian design rules should be
applied.

Implementation of these systems and their thermal losses into the existing IDA-ICE models
(with support of the supervisor).
5. Discuss the performance of both distribution systems in terms of energy efficiency.

&

Page 1 of 2



Within 14 days of receiving the written text on the master thesis, the candidate shall submit a
research plan for his project to the department.

When the thesis is evaluated, emphasis is put on processing of the results, and that they are
presented in tabular and/or graphic form in a clear manner, and that they are analyzed carefully.

The thesis should be formulated as a research report with summary both in English and
Norwegian, conclusion, literature references, table of contents etc. During the preparation of the
text, the candidate should make an effort to produce a well-structured and easily readable report.
In order to ease the evaluation of the thesis, it is important that the cross-references are correct. In
the making of the report, strong emphasis should be placed on both a thorough discussion of the
results and an orderly presentation.

The candidate is requested to initiate and keep close contact with his/her academic supervisor(s)
throughout the working period. The candidate must follow the rules and regulations of NTNU as
well as passive directions given by the Department of Energy and Process Engineering.

Risk assessment of the candidate's work shall be carried out according to the department's
procedures. The risk assessment must be documented and included as part of the final report.
Events related to the candidate's work adversely affecting the health, safety or security, must be
documented and included as part of the final report. If the documentation on risk assessment
represents a large number of pages, the full version is to be submitted electronically to the
supervisor and an excerpt is included in the report.

Pursuant to “Regulations concerning the supplementary provisions to the technology study
program/Master of Science” at NTNU §20, the Department reserves the permission to utilize all
the results and data for teaching and research purposes as well as in future publications.

The final report is to be submitted digitally in DAIM. An executive summary of the thesis
including title, student’s name, supervisor's name, year, department name, and NTNU's logo and
name, shall be submitted to the department as a separate pdf file. Based on an agreement with the
supervisor, the final report and other material and documents may be given to the supervisor in
digital format.
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ABSTRACT

Many of the building concepts for current and fetefficient buildings are based on highly-
insulated envelopes, such passive houses, zercsiemibuildings or nearly-zero energy
buildings (nZEB). As the building is highly-insuéat, it is possible to simplify the space-
heating distribution system and reduce the numbdreat emitters to a few elements. One
solution is to use a hydronic distribution equippeth few low-temperature radiators, for
instance, one in each floor as well as one in @rbom. This solution reduces thermal
losses from the pipes and the investment, but ¢tieatly provides for less thermal comfort
than complete loop. This Thesis investigates thewoaditions in the building with both
systems. Studied cases contribute to the worstittons, which may happen in the winter
and also more probable situations in order to bel@se to reality as possible. Two systems
are investigated also in terms of efficiency. Leskem pipes are considered as recoverable
internal gains, and two variables of distributiaefficient are counted.



NOMENCLATURE

Latin symbols:

Co specific water heat, J/kgK

d diameter, m

f friction factor, -

g standard gravity, nfis

hin heat transfer coefficient in the pipe, WHn

Pour heat transfer coefficient at the outside insutasiarface, W/ifK
H pressure drop, m

Kinsulatior thermal conductivity of insulation material, W/mK
Kpipe thermal conductivity of pipe material, W/mK

K loss coefficient, -

m mass flow, kg/s

Ap pressure drop, Pa

Q heat flow rate, W

r bend's radius, m

tr temperature of return water, K

te temperature of supply water, K

Greek symboils:

a bend's angle, rad

n distribution's coefficient, -
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1. Introduction
Over the last few decades, due to high energy ecopson and climate change, the need to
prevent this phenomenon was being considered matke raore. Because of general
development, energy demand is rising significaatig also natural resources being depleted
with every day, should be respected by humankindemMAve wonder where the energy is
consumed, we can see that residential sector taggsart. Some developed nations started to
think what can be done in this area. If couple Wés are followed, reductions in energy
demand can be achieved both for dwellings and tndb$uildings. It was called Passive
house concept and means low energy building. TAeranore and more houses being built
with this standard in Germany, Austria, Switzerlaarl United States. Other countries are
also interested in this idea. Experience shows fihasive house concept can be adjusted to
any climate in the world and works equally as virth in warm and cold climates. It was
also tested, that different materials can be usedphssive house: masonry, insulated
concrete, steel, timber and prefabricated elemeR&ssive house can be designed in
traditional way or in modern and contemporary st¥ery important issue is reduction of
energy demand, whilst creating acceptable therroaifart level. This is first considered
topic in Thesis. The second one is heating systepassive house. There are two ways to
design heating system, which can be strongly sfiedlithanks to very well insulated
envelope. When the house is built strictly accaydin concept rules, traditional heating
system is no longer considered as irreplaceable.tfind question raised in this paper is heat
loss from pipes in heating system, what is poomgadibed in literature and should be
investigated to define distribution efficiency.

1.1. Passive house concept

Orientation

Good planning of building orientation can decrelasating demand by 30% compared to the
same building, but with not considered orienta{@jn Passive house should be oriented along
east/west axis, so it gets as much solar gainossiljfe. Sometimes designers recommend
cutting trees in front of the house, to preventking sunbeams. Such an orientation requires
good shading because there is a risk of overhedtimgg summer. Orientation of building
determines also setting of rooms and topology @ento get more gains to habitable rooms,
such as living room and dining room.

Building form

Next to the orientation, shape of building is atsdremely important factor from heating
demand point of view. It's described by A/V ratla.other words, relation between external
surface area and internal volume of building. Tame buildings have significantly different
heating demand because of different A/V ratio.fié@s especially small one-family houses
which should be designed as close to rectangulapestas possible. In case of bigger
buildings designers can afford more complex geadegtThe figures below show how
change of building shape affects thickness of eitsuh needed to achieve the same heating
demand [2]. Besides higher proportion of thermaddwes, buildings with complicated forms
have also increased shading factors that have inopaenergy balance.



Figure 1: Connection between surface area and thicless of insulation (description in text)
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Insulation and thermal bridging

In passive house insulation of whole building eopel is the most important thing. All parts
of construction should have U-valg®,15 W/nfK. Insulation should be led continuously
around building envelope without any gaps. Thisrapph reduces heat loss so much, that
even during winter they can be negligible. Whers itlesigned and done properly the
temperature of internal surface will be the sameviole house. Indoor climate in such a
house is comfortable and risk of appearing moisisidecreased to very low level. It has to
be noticed, that thick insulation is also barrier heat during summer. House has to be
protected from overheating by shading and ventilatiSpecial attention must be devoted to
thermal bridges. It's obvious that every connectetween construction elements is easy way
for heat to escape from the building. Junctionsukhbe designed with structure in mind, but
also with thermal conditions.

Windows and doors

In last years, due to great heat restrictions, @ngs producing windows developed very
good standard of triple glazed windows. Each pdrggass is separated by a space bar, which
creates air gap or cavity. The cavities providellason and reduce condensation. Sometimes
argon is used between the panes instead of aigubecit insulates better. It's possible to
achieve U-value of 0,8 WAI{. These types of windows should be used for paskiuse.
The important issue is window’s installation, whéa done properly, U-value can be less
than 0,85 W/rfK [3]. Triple glazed windows are necessary alsoabee of temperature of
internal surface, which should be similar to wattsen the occupants will not feel thermal
discomfort from large temperature difference.

Airtightness

Lack of any leakage is essential in passive howsmause of three reasons. Firstly, every
leakage causes raise of heat demand. Secondlguses local discomfort due to draughts.
Moreover, it can cause a moisture, which is dangefor both occupants and construction.
Air leakage can be result of two phenomena: buoyand wind. Buoyancy takes place when
warm air goes up because of less density and est¢hpmigh gaps in envelope at a higher
level. Then this air is replaced by colder air cognithrough gaps in lower level. If it's
uncontrolled, residents can feel draught. Secoreh@menon is the wind, which burst into
building because of the pressure. On the leewdealmiessure outside is lower than inside the
building, so warm air leaks out from the house.r€hs a pressure test which should be done
in every passive building. It's called n50 becaat¢he difference — 50 Pa between interior
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and exterior. Result in this test is the volumaiofchanged in one hour. In passive house the
result should be 0k0.6 ACH/hr [4]. The test has to be done with prasstion and
depressurisation. Achieving this level of airtigits is not easy and has to be considered
during designing and also made properly on workgite necessary to use some materials
and things which are not being used in normal Ingjdfor example: membranes, tapes and
wet plastering. In each place, where the continaftyarrier for air is interrupted, suitable
tape should be put to prevent airflow. This recauidesigner’s attention, because every detail
should be specified in project and in productiomwdngs. Also workmanship has huge
impact on airtightness of building. Every buildingrker should be aware of importance this
part in building process. Any oversight may jeopsedinal airtightness and increase heating
demand in consequence.

Mechanical ventilation

Mechanical ventilation is completely necessary asgwve house. It's needed to maintain a
guality of indoor air by replacing carbon dioxidepisture and unwanted odours with fresh,
external air. Here, natural ventilation is not ewaken into account. In such an airtight
building occupants would have to open windows \adtgn to let some fresh air in. This may

be acceptable during summer time, but it's not piat#e during cold winter, because of heat
loss. Ventilation is one of the most energy consgnsiystem in whole building, so it's crucial

to design it properly. Heat recovery unit shouldéhafficiency greater than 75% and also
have a low specific fan power (SFP). Ventilatiomwd be designed together with whole

building to shorten length of ducts and apply tlstp possible system. One of the many
solutions is cascade ventilation which saves adtadpace for ducts in a building and also
much heat for warm up the air. This was very welkdaibed in [10]. However this system

requires well designed building’s topology to emstirat air flows through every room. The

best way to design this type of ventilation is gsimumerical analysis and algorithms called
computational fluid dynamics (CFD).

Principles
When foregoing requirements are fulfilled, buildisigould have very good heat indicators
and promising energy balance. There are some valbieh have to be achieved in order to
call the building ‘Passive house’ [1]:

= Specific heating demarl5 kWh/nf-yr

= Specific cooling demang15 kWh/nf-yr

= Specific primary energy demard20 kWh/nf-yr

= Airtightness<0,6 ach (n50)

The figure for specific primary energy demand inles domestic hot water, lighting, pumps,
fans and all the others appliances which can beigiesl in project. It's worth to notice that
value 15 kWh/rftyr is similar to solar and internal gains. It'siis in Fig. 2 [6], that overall
losses can be covered almost by these gains,\yifaoskt of above-mentioned conditions are
fulfilled.



Figure 2: Heat losses and gains in typical Passi¥ouse [6]
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Since The Passive House concept is being develapled of building components got better
properties. U-values of insulation materials, wwdaand doors decreased so much, that now
it's totally manageable to face rough restrictiangen to them. The lowest available on
market values of components are even better theeseary. For example U-value of glazing
can be of 0,51 W/AK (0,75 W/nfK installed) and U-value of insulation of opaqueenpe
0,06 W/nfK [6].

CEPHEUS

Concept of Passive House was deeply investigatedialpractice. Cooperation of couple of
European countries and European Commission ledety wobust project called ‘Cost
Efficient Passive Houses as European StandardsPEREIS). Over 200 houses took
participate in this operation in order to checkethter it was worth to bear extra investment
costs for further savings. These savings were waeti¢hanks to decreasing heating demand
by sticking to Passive House principles. Investddiuildings had different constructions. All
of them were equipped with a mechanical ventilatath heat recovery. The results of
project were impressive. Investigation proved thatvas possible to reduce space heat
consumption by 80%. In the best cases, it was emtlazen by more than 80% [6].

Thermal comfort in Passive House

It's not difficult to notice that thermal comfors$ iarguable issue in case of Passive House.
General question is: Is it possible to maintaineptable temperature in building without any
traditional radiator or with simplified heating $gm? One of the assumptions for Passive
Houses is that temperature can’t decrease bel8@ ibéany room even during coldest winter.
This issue was also checked in CEPHEUS projectrasults were very positive. Occupants
answered in surveys that thermal conditions wetisfgmg both in the winter and in the
summer. Average, general votes were between ‘gaad“very good’ [6].

1.2. Simplified heating systems

When the building is very well insulated, it's pids to simplify heating system. Such a
simplification means that number of heat emitterseduced and thanks to this, distribution
system is not that complicated. Investment costsedse in case of simplified heating system
because an owner have to pay only for one radiastead of couple of them. Overall length



of pipes is lower and this also translates intoneaaic benefits. Operational costs are also
decreased because both pressure drop and heat fimssepipes are lower. The only question
is how one heat source is able to cover heatingaddnfor whole building and if it's able to
maintain acceptable thermal comfort level in eveoypes. The room which is the furthest
from heat source is obviously in the worst locatithmay be found, that maintaining
acceptable temperature in this room, depends dadierraising temperature in living room,
where radiator is placed. The issue is not easguseceverything depends on other factors as
well. Properties of building influence temperatunerooms very much. This is result of
different thermal mass for different materials. bkig thermal mass means that the wall warms
up longer. This will have significant impact on mimal comfort in Passive House.
Nevertheless, the easiest way for heat transfeha@es in walls. Opening internal doors has
the biggest impact on temperatures in whole buydi@bviously, the best and desirable
situation takes place with every doors open. Tlitigagon generates natural convection
between rooms and it's prevailing heat diffusiontire building. However, in practice,
internal doors can’t be open all the time. Obvioeason for it is intimacy and simulation
should correspond to reality as close as possiiethe other hand, it's very difficult to
define how long internal doors can be open dufiregday. For accurate and satisfying results,
real measurement should be provided.

Simplified heating system doesn’t mean that it cantain only traditional water based units.
There are ideas about changing traditional heatygjem to one wood stove in the living
room, which makes cosy atmosphere and also taketaovering heating demand in whole
house. Problems with maintaining thermal comforewery zone are the same like for one
water radiator. However, provided investigationsved that wood stove with solar gains are
able to provide thermal comfort, when internal doare open [7]. Designer should also
consider material of construction, taking into aguothermal conditions.

1.3. Distribution system

Heating system with water radiators or floor hegatame the most popular to cover heating
demand of the residential building. Properties atew fit very well to transfer the heat from
source to the room fast and effectively. Howevegrgwsystem has certain efficiency which
may decide about success. Due to general movemeatds low-energy buildings, engineers
try to find a way to improve every installationatithey design. Heating systems have to be
controlled to prevent releasing the heat to spasbsre it's not necessary. The amount of
created energy should be used as efficiently asilgles Heat losses in heating systems have
been divided on four parts: generation, storagstridution and emission. The formula to
calculate total efficiency of heating system is:

,7tot = ”generation X ”storage X ,7distribution X ,7emission

This paper is focused on losses from pipes, so @istyibution efficiency is investigated and
the others are not studied. So far, this problemrie been described strictly and probably,
more suitable efficiency value could be define.idi#hcy factor, which is currently being
used was calculated long time ago and it doesniespond to reality. This value can’t be
defined with hand calculation because flow thropghes is dynamic process. It's changing
all the time and depends on amount of water flovtmgugh pipes and the temperature of

8



water. Furthermore, losses from pipes are not Hgtlesses, at least in case, when pipe is
running through heated room. Then such a loseé&dd as gain. In this way, losses can be
divided on two parts: recoverable and non-recoVerdloss is recoverable, when it causes
increase of temperature below set-point, e.§C21n this case, effect is beneficial. When the
heat is released during exceeding the set-pointjlitbe called non-recoverable. It can be
understood that the heat is needless. This problasnalso not widely studied because of lack
of software to create a model of heating systemceSthe need to make accurate calculations
has appeared, some companies has created suitabis o their programs. Now, they are
offering very precise software and engineers ate @bdesign efficient installations in the
proper way.

Next chapter describes, what heating systems wesgmed and how the model in
programme IDA-ICE was built.



2. Methods

The most important objectives in this paper arecaeson of thermal comfort in Passive
House and definition of distribution efficiencyeating system with water radiators. In order
to describe them, two heating systems have besgras for house with very well insulated
envelope. First heating system is traditional aodt@ins one radiator in every room. The
second one is simplified and contains only two atads, one on each floor. Radiators were
chosen with software IDA-ICE 4.6.2. Next, thesetayss, including pipes, were introduced to
IDA-ICE and results have been studied.

2.1. Building

Investigated building is one-family, two-storey Beu located in Trondheim. On the first
floor, there is a large living room with kitchenrpaOn the second floor, there are three
bedrooms and one bathroom. The house has alse@méas where technical room is placed.
The building is oriented to get as much solar gaspossible to the living room through huge
window and doors to terrace. The following condinrcof building’s parts were defined:

External wall

- Gypsum 0,013 m
- Glass wool 0,300 m
- Wood 0,025 m
Internal wall

- Gypsum 0,013 m
- Glass wool 0,072 m
- Gypsum 0,013 m
The roof

- Roofing paper 0,003 m
- Sheet membrane 0,002 m
- Polietylen 0,005 m
- EPS insulation 0,550 m
- Chip board 0,050 m
- Aluminium 0,015m

Floor on the ground

- Gypsum 0,013 m
- Polietylen 0,005 m
- Concrete 0,300 m
- Heavy insulation 0,150 m
- Soil 0,300 m
Internal floor

- Floor coating 0,015 m
- Chip board 0,022 m
- Air gap 0,150 m
- Glass wool 0,200 m
- Gypsum 0,013 m
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2.2.

Heating system

Radiators in both heating systems have been cHussad on power of ideal heater for each
room defined in IDA-ICE. Following tables showsesglon of radiators in standard heating
system and simplified one. In first and second cesdiators with two and three panels were
chosen, respectively. The last column shows poWwehasen radiator. Temperature of supply
water is 55C, and return 4%. There is a underfloor heating in technical raamd bathroom,
belonging to another system which is not the tapfichis paper. In whole project, only

materials available in Norway have been taken atmunt.

Table 1: Selection of radiators for standard heatig system

Selection of radiators, standard heating system

correction

No. Name t;, °C Qw factor @, W | type of radiator | ¢, W
001 Technical room 16 343 Underfloor heating
101 Hall 20 0 no radiator
102 Stairs 1 20 0 no radiator

C22600x 1100 943
103 Living room 20 693 1,96 1359

C 22 600 x 500 428
201 Bedroom 1 20 132 1,96 258 C 22450 x 400 272
202 Bedroom 2 20 224 1,96 440 C 22 600 x 500 444
203 Bedroom 3 20 183 1,96 359 C 22500 x 500 370
204 Bathroom 24 22 Underfloor heating
205 Hall 2 20 151 1,96 | 295 ‘ C 22300 x 600 293
206 Stairs 2 20 0 no radiator

Table 2: Selection of radiators for simplified heaihg system
Selection of radiators, simplified heating system

No. Name t, °C Qw cogitc:iro" @, W | type of radiator | ¢, W
001 Technical room 16 343 Underfloor heating
101 Hall 20 0 no radiator
102 Stairs 1 20 0 no radiator
103 Living room 20 696 1,96 1364 | C33600x1200 | 1408
201 Bedroom 1 20 0 no radiator
202 Bedroom 2 20 0 no radiator
203 Bedroom 3 20 0 no radiator
204 Bathroom 24 30 Underfloor heating
205 Hall 2 20 669 1,96 | 1311 ‘ C33550x1200 | 1317
206 Stairs 2 20 0 no radiator
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Heating systems have been designed according igatdnly standards in Norway. Technical
drawings of both systems are attached to the pBpgges are running under the floor or 10 cm
over the floor. Mass flow in every pipe was caltedtbwith formula:

s Q
c, t. -t,)

Where:

Q — Heat flow rate, W

c,—Specific water heat, J/kgK

ts— temperature of supply water, K

t, — temperature of return water, K

Diameters of pipes have been selected with a fuleaximum velocity 0,5 m/s, because of
the noise and pressure loss. Pressure drops frltsses have been calculated with formula
[11]:

where:

H — pressure drop, m

g — standard gravity, nf/s

K — loss coefficient, dimensionless value calcuatelividually for bends, tees etc.

Loss coefficient for bends [11]:

K = f @ +(01+ 240 ) sin(a /2) + 22 W*S'“(alz))
| (r/d)~

where:

f — friction factor, -

a — bend’s angle, rad

r —bend’s radius, m

d — diameter, m

Loss coefficient for tees [11]:
In this case, loss coefficient value depends omtam flow path:

Flow through run: Flow through branch

@———\: -——0 ®—>~—\—————>©

RHE 14
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Flow through run:

. . 2 . 6
K = 062- 0981 L + 0362 + 0032
W, W, W

Flow through branch:

. 3 4 . 2
K=10- 113@%+{0,81+£112G3—3— 108G3i3+ Kgsjgdlﬁ} [_lwi

. 2
d,
5

Wl
r %2 r r % r) r\?
K,, = 057- J,onéd—sj - 213[Ed—3j+ 8,24[Ed—3j - 8,48[Ed—3j + 290[Ed—3j

Pressure loss for radiators was calculated acapritinfiormula recommended by producer

[13]:

Ap = 0,0105¢?

where:
Ap — the drop of water flowing through the radiatea,
g — the mass flow of water flowing through the eddr, kg/h

After hydraulic calculations, thermostatic valvegres chosen. Every detailed tables with
results are attached to the paper. Next, heatisigys have been implemented to IDA-ICE.

2.3. Simulation model

All simulations have been done in software IDA-I@B.2. This programme offers advanced
mode to design heating system and has plenty e@placeable options. Software has been
validated, so results are fully reliable. Simulasonvere run with weather data, provided by
ASHRAE (American Society of Heating, Refrigeratisngd Air-Conditioning Engineers). Set-
point temperature 2C has been used in every room. Building is equippigid Air Handling
Unit and the system is CAV. As internal gains, ligbquipment and occupants have been
predicted. Occupants are always present, and ®@unipis being used from 7am to 11pm
every day. Activity of occupants is 1,0 MET.

Water radiators have been introduced to rooms doupito project. They are controlled by
Pl-controllers. Every room, which has gains fromegs has been additionally equipped with
ideal heater. This is the unit without defined lbma and dimensions, but with convection and
radiation factorThe main task was using losses from pipes, as aggito adequate room.

In order to count it properly, the pipe needs aaigbout temperature in the room, because it
influences the loss. Then the signal with the amofiheat is sent to ideal heater. The idea is
presented on the next page:
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Figure 3: Scheme of using losses from pipes as imal gains
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Length of every pipe has been taken from the ptojg¢e/alue depends on diameter of pipe,
insulation and thermal conductivity of these materi It has been calculated for all pipes
according to formula:

1

D, [n el D, [n b
D, N D, 1

+
2k, 20k

. in Mg ‘ x@f
kg

hin - heat transfer coefficient in the pipe |

hout- heat transfer coefficient at the outside insolasurface - -
Kpipe - thermal conductivity of pipe material D
Kinsulation- thermal conductivity of insulation material Lo

Heat transfer coefficients depend on Reynolds numidasselt number and properties of
water. It has been calculated according to scheome [12].

The model presented on next page is quite complicago it was redrawn in graphical
programme for better understanding. First loopamg into bedroom 3 through two other
rooms: technical room and hall. Second loop is gdm ‘Hall 2’ through ‘Stairs 2’. Other
branches (bedroom 1, bedroom 2, living room) haa@nlmodelled separately. There are four
pipes going to living room, because there are @diators. The unit ICE-MACROQO’ has been
built for every room and all information about pp@J-value, diameter, etc.) are included
inside. Construction of this unit is also presertietbw. Both standard and simplified heating
system were designed in this way. Total length ipeé metwork is 29,3 m and 18,6 m for
standard and simplified heating system, respegtivieal the second one, there are only two
radiators, but pipes are running through five ropwisat is visible in the model. After model
had been built, a dozen or so dynamic simulatioesewun. Couple of cases have been
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investigated. In order to check whether thermal fooimis maintained in the building
simulations were run both with internal doors oped closed. In the next step, insulation has
been added to pipes. Thickness of insulation waesesh according to producer’s
recommendations. All results are described in td ohapter.

Figure 4: Construction of 'ICE-MACRO'
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Figure 5: IDA model for standard heating system
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PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

Figure 6: Scheme of IDA model for standard heating system
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Figure7: IDA model for simplified heating system
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PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

Figure 8: Scheme of IDA model for simplified heating system
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3. Results

Simulations have been performed for whole year sbiiivare gives an opportunity to check
results also from shorter periods. Detailed restdts be studied for whole building and for
every room separately. Both temperatures and pdween units have been checked in
different cases.

3.1. Thermal comfort

Firstly, the main purpose was comparison betweandstrd and simplified heating system.
Investigation has to check, if it's possible to ntain acceptable thermal conditions in second
case. Simulations have been run with internal apehclosed, because they have extremely
important influence on thermal conditions. Threems have been chosen, as a representative
in whole house to check temperatures. These are:

= Living room, because it's the only zone on thetfilsor

= Hall 2, as the only zone with radiator on the seciboor in simplified heating system

= Bedroom 2, the furthest zone from radiator on #erd floor in simplified heating
system

Indicators PMV (Predicted Mean Vote) and PPD (Ritedi percentage Dissatisfied) have
been also studied for these zones and resultsraserged. One representative week (12-18
January) was chosen to study thermal comfort, seaas it's visible on the diagram below,
it's the coldest week in the whole year.

Figure 9: Outside dry-bulb temperature
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Internal doors open

Analysis with internal doors open shows that itesgible to maintain desirable thermal
conditions in whole house during whole year. Terapee in living room and ‘hall 2’ is
practically the same for standard and simplifiedtimg system (figures 10, 11). These are
rooms with radiators in both cases. For simplitre@ting system very important issue is that
it's not necessary to overheat these rooms in c@enaintain temperature in next zones.
Sometimes, sudden gains cause jumps of tempe@uiteese two graphs, but it's controlled
by Pl-controller and temperature is decreasingnafieds. On the figure 12, temperature in
‘bedroom 2’ is presented and there is differenceveéen standard and simplified heating
system, but this is still acceptable. Temperataeschot go down below 19, even during
the coldest day in whole year and it's very prongsior simplified heating systems in
general. In order to check what would be people&ction on these conditions, figures 13 and
14 have been generated. They show variables of R PPD in ‘bedroom 2’. The
difference between standard and simplified heasystem is visible, but still in range of
acceptance. It should be noted, that this is théesb week during whole year. Simplified
heating system really can manage with maintainiogeptable thermal conditions, if only
internal doors are open. Nevertheless, it's hargatp how often during the day, they can be
open. Intimacy is the most important factor heref @ also depends on individual
preferences. Hence the worst case with internalrsdadways closed is investigated
afterwards.

Figure 10: Temperature in living room for two systens - internal doors open
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Figure 11: Temperature in hall 2 for two systems internal doors open
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Figure 12: Temperature in bedroom 2 for two systemsinternal doors open
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Figure 13: PMV in bedroom 2 for two systems - intemal doors open
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Internal doors closed

When internal doors are closed, the situation ishmdifferent. In simplified heating system
thermal comfort can be maintained in living roond dmall 2’, but it's difficult in bedrooms,
where radiators are not designed. Figures 15 andhbdv temperatures in rooms where
radiators are designed in both systems and theréifte is imperceptible. These graphs are
very similar to situation with internal doors opand simplified heating system gets positive
mark again. Figure 17 shows temperature in ‘bedrd@mand this is not satisfying.
Temperature goes below @B what means that basic assumption for Passivesad@unot
fulfilled. Once again, people’s reaction is beimgdsed on the next figures (18 and 19). Here,
the difference between two systems is evident.dithats in such a house would be clearly
dissatisfied from thermal conditions and the desigran’t let it happen. In the worst moment
Predicted Mean Vote goes below -2 and PredictedelRtage of Dissatisfied is greater than
80%. However these graphs present situation ongnaweek. In the next step, graphs with
PMV, PPD and temperature have been generated faewar.

Figure 15: Temperature in living room for two systens - internal doors closed
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Figure 16: Temperature in Hall 2 for two systems internal doors closed
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Figure 17: Temperature in bedroom 2 for two systems internal doors closed
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Figure 18: PMV in bedroom 2 for two systems - intemal doors closed
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Figure 19: PPD in bedroom 2 for two systems - interal doors closed
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Figure 20 on the next page shows temperature uirdoen 2’ for both systems during whole
year. Results can be rated in two ways. On thenane temperature goes below@6nly in

eight days during whole year. This is not long tioomsidering that inhabitants only have to
open a door to cause natural airflow and rebaldheetemperature. From the other side
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keeping the temperature above’@ds only one purpose for passive building, but riin
gall is to deliver thermal comfort for residentsegy time they are inside. Looking at the
graph again, we can see that temperature is Idveer 20C practically during whole winter
time and this fact is alarming. Figures 21 andl&@speople’s reaction on thermal conditions
during whole year and calculations say that ovéb6 5@ residents are dissatisfied in 109 days.
However, it has to be said again, that presented @athe worst because the room is the
furthest from radiator and doors are closed alltitme. Such a case practically doesn’t occur
in reality. Normally doors to bedrooms are closeminty in the night and lower temperature
is even desirable. During the day people can kéep doors open and temperature is
satisfying. In order to give final opinion aboutglified heating system, schedule for doors
has been predicted. In this case doors to bedrapenspen during the day (7-23). This is the
closest situation to reality. Moments with interdalors closed for example for one hour are
negligible because the building has ability to kegpmth inside.

Figure 20: Temperature in bedroom 2 for two systems internal doors closed
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Figure 21: PMV in bedroom 2 for two systems - intemal doors closed
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Figure 22: PPD in bedroom 2 for two systems - interal doors closed
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Schedule for doors

Using a schedule gives interesting results. Dutirggday, when doors are open temperature
can be kept on the required level. After closing dloors temperature in bedrooms start to fall
and reach the lowest point just before opening si@rthe morning. Then, some time is
needed to rebalance previous conditions. Temperatiges again and required level is
achieved. Two variables are incredibly importanehéhe lowest temperature before opening
the doors and time needed to reinstate earlieat®itu It can be seen on the figure 23 that
temperature in the worst moment doesn’t decrealeevii8’C and the number of dissatisfied
people is about 45% (figure 24). These values acemable considering that a bit lower
temperature is even desirable during sleepindhdulsl be also noted that temperature is not
constant — in the moment of falling asleep condgiare the same, as with internal doors open
all the time. Furthermore, considered day is thidesi and such a low temperature is very
rare in the whole year. Figure 23 shows also thatnr needs only 3-4 hours to rebalance the
temperature and this is a time when people argeabgcause of preparing to go out. Analysis
with schedule for doors is the closest to realitgl & shows that simplified heating system is
able to deliver desirable conditions. Thermal camni® of course little lower than in case of
standard heating system, but savings coming fras meimber of radiators and shorter pipes
are definitely worth it.

Figure 23: Temperature in bedroom 2 for two systems schedule for internal doors (7-23)
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Figure 24
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Figure 25: PPD in bedroom 2 for two systems — schel@ for internal doors (7-23)
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3.2 Distribution’s efficiency

Investigation of distribution problem shows thaides from pipes are extremely relevant and
cannot be ignored in designing. Figure 26 showsegpaf all radiators and losses from non-
insulated pipes in January. Maximum power needemdmtain required temperature in the
building is 1282 W and heat released from pipeshia moment is nearly 20% - 236 W.
Situation is way better when insulation is addedlisiribution system. In this case losses
from pipes pose about 5% of the water based pofigené 27). It can be seen that required
power is changing all the time. Losses from pipestribute to power of radiators, but
fluctuations are not that deep. Because of thgsds from pipes can pose even 35% and 15%
in case without and with insulation, respectiveinalysis shows how important is this
problem and how essential is using dynamic simutgti Next two graphs compare losses
from insulated and non-insulated pipes in standfigdre 28) and simplified heating system
(figure 29). These diagrams are very similar toheaiher because the difference is between
length of pipes, so power is almost the same dedsed energy will be different. However, it
has to be noted that both systems deliver diffeteatmal conditions, so they cannot be
compared in terms of efficiency. Definitely, usiimgulation is essential in order to prevent
unneeded losses, especially in the basement, tathimioms etc. In warmed rooms losses
from pipes are partly recoverable and this has bé&sndeeply investigated in Thesis.

Figure 26: Heat balance, pipes without insulation January
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Figure 27: Heat balance, pipes with insulation - Jauary
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Figure 28: Losses from pipes in standard heating stem - January
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Figure 29: Losses from pipes in simplified heatingystem - January
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Losses from pipes are now considered as a recdeenaiat released to rooms. Model with
pipes described in previous chapter is compareld lasic file where losses from pipes are
not being counted. It gives opportunity to quantigw much heat can be recovered from
distribution system. Two variables of efficiencgtiar are counted:

n1 —distribution’s coefficient without losses from pgtaken into account
n2 —distribution’s coefficient with losses from pipesead as internal gains.

Variables of power have been averaged for everytimand also counted for whole year.
Such a procedure has been done for standard hestatgm and simplified one, both with
and without insulation. Simulations have been ruthvinternal doors open and closed.
Results are presented in the tables and on thégrapthe tables, there are some variables in
April, Mai and September, but they are too low éctfee base to define coefficient. It has been
counted only in six months during the year. In hyghsulated building, only these months
are relevant for heating system.
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Internal doors open

Table 3: Power and energy in standard heating syste with non-insulated pipes — internal doors open

STANDARD HEATING SYSTEM WITHOUT INSULATION

Without pipes With pipes
ot | oot | Thomatloses v
w kWh W kWh w kWh
January 519,3 386,4 531,2 395,2 113,4 84,4 0,79 0,98
February 328,3 244,3 368 273,8 79,4 59,1 0,78 0,89
March 134,4 100,0 193,1 143,7 43,8 32,6 0,77 0,70
April 8,9 6,6 30,6 22,8 8,1 6,0
May 0,6 0,4 3,5 2,6 0,9 0,7
June 0 0,0 0 0,0 0 0,0
July 0 0,0 0 0,0 0 0,0
August 0 0,0 0 0,0 0 0,0
September 4,9 3,6 10 7,4 2,7 2,0
October 107,8 80,2 145,5 108,3 35,8 26,6 0,75 0,74
November 374,2 278,4 391,8 291,5 88,3 65,7 0,77 0,96
December 520,5 387,3 531,6 395,5 114,5 85,2 0,78 0,98
1487,2 1640,7 362,3 0,78 0,91
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Table 4: Power and energy in standard heating syste with insulated pipes - internal doors open

STANDARD HEATING SYSTEM WITH INSULATION

Without pipes With pipes
pO\II-«\I\::; :ﬁzcr’g:etztizr:)gnes poxﬁ; :ii?g:ia:izr;gnes Ul [(EEECE N1 N2
W kWh W kWh w kWh
January 519,3 386,4 522,2 388,5 31,6 23,5 0,94 0,99
February 328,3 244,3 360 267,8 22,3 16,6 0,94 0,91
March 134,4 100,0 188,4 140,2 12,5 9,3 0,93 0,71
April 8,9 6,6 28,6 21,3 2,4 1,8
May 0,6 0,4 3,2 2,4 0,3 0,2
June 0 0,0 0 0,0 0 0,0
July 0 0,0 0 0,0 0 0,0
August 0 0,0 0 0,0 0 0,0
September 4,9 3,6 8,9 6,6 0,8 0,6
October 107,8 80,2 138,3 102,9 10,1 7,5 0,93 0,78
November 374,2 278,4 380,1 282,8 24,7 18,4 0,94 0,98
December 520,5 387,3 523,5 389,5 32,1 23,9 0,94 0,99
1487,2 1602,0 101,8 0,94 0,93
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Table 5: Power and energy in simplified heating syem with non-insulated pipes - internal doors open

SIMPLIFIED HEATING SYSTEM WITHOUT INSULATION

Without pipes With pipes
pO\II-«\I\::; :ﬁzcr’g:etztizr:)gnes poxﬁ; :ii?g:ia:izr;gnes Thermal losses N1 N2
W kWh W kWh W kWh
January 513,2 381,8 521 387,6 101,3 75,4 0,81 0,99
February 320,2 238,2 319,6 237,8 66,2 49,3 0,79 1,00
March 123,1 91,6 130,8 97,3 29,2 21,7 0,78 0,94
April 4,6 3,4 5,8 4,3 2 1,5
May 0,1 0,1 0,2 0,1 0,1 0,1
June 0 0,0 0 0,0 0,0
July 0 0,0 0 0,0 0,0
August 0 0,0 0 0,0 0,0
September 1,5 1,1 2 1,5 0,7 0,5
October 94,6 70,4 98,5 73,3 23,4 17,4 0,76 0,96
November 368,1 273,9 371,5 276,4 76,6 57,0 0,79 0,99
December 513,2 381,8 523,7 389,6 102,3 76,1 0,80 0,98
1442,3 1468,0 298,9 0,80 0,98




Table 6: Power and energy in simplified heating syem with insulated pipes - internal doors open

SIMPLIFIED HEATING SYSTEM WITH INSULATION

Without pipes With pipes
pO\II-«\I\::; :ﬁzcr’g:etztizr:)gnes poxﬁ; :ii?g:ia:izr;gnes Ul [(EEECE N1 N2
W kWh W kWh W kWh
January 513,2 381,8 509,5 379,1 26,8 19,9 0,95 1,00
February 320,2 238,2 311,7 231,9 17,7 13,2 0,94 1,00
March 123,1 91,6 126,9 94,4 7,9 5,9 0,94 0,97
April 4,6 3,4 5,2 3,9 0,6 0,4
May 0,1 0,1 0,2 0,1 0 0,0
June 0 0,0 0 0,0 0 0,0
July 0 0,0 0 0,0 0 0,0
August 0 0,0 0 0,0 0 0,0
September 1,5 1,1 1,6 1,2 0,2 0,1
October 94,6 70,4 93,7 69,7 6,3 4,7 0,93 1,00
November 368,1 273,9 359,8 267,7 20,3 15,1 0,94 1,00
December 513,2 381,8 512 380,9 27,1 20,2 0,95 1,00
1442,3 1428,9 79,5 0,94 0,99
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Figure 30: Distribution coefficient for standard heating system with non-insulated pipes - internal dors
open
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Figure 31: Distribution coefficient for standard heating system with insulated pipes - internal doorepen
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Figure 32: Distribution coefficient for simplified heating system with non-insulated pipes - internatloors

open
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Figure 33: Distribution coefficient for simplified heating system with insulated pipes - internal do@ open
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On the figures 30 and 31 distribution’s coefficistarts at the high point in January, then goes
down to the lowest point in March. It has to beiced, that during winten, is very close to
100%. It means that almost all losses from pipe&s racoverable. Efficiency goes down
because of rising outside temperature and incrgasfar gains. Losses from pipes, even if
taken into account, are less and less useful. Eneynot recoverable when setpoinf@is
exceeded. In the summer heating system is not hesied, so efficiency is not calculated. The
previous tendency is visible from October to Decemlifficiency is rising because it gets
colder outside and solar gains decline. Diagranmvstinat real efficiency of water based
systems are greater when losses from pipes argmated. In standard heating system with
non-insulated pipes losses from distribution syspese 22% of whole energy, but only 9% is
completely lost because the rest is recoverabide(t3).

Results are slightly different for simplified hewi system (fig. 32, 33) The line showing
variablen,is not going down like in standard heating systeaunking for explanation of this
change we can see that losses from pipes, frony @@em have been taken into account. It
means that losses from basement are treated agerabte. In simplified heating system main
part of pipe network runs through zones withoutasaains on the contrary to standard
heating system. There is no factor, which causetindgeof variablen, in standard loop. This
is the reason of difference between standard anglified heating system. When losses to
unheated zones are treated as recoverable, effic@rsimplified distribution system is very
high. When pipes are not insulated, losses pose Bd%21% is recoverable. Real efficiency
is 97% (table 5). When insulation is added to piffes value is rising to 99% (table 6).
Another investigation could take into account og&ins from pipes to heated rooms, but in
this case everything depends on system topologiaedf the house.

Provided by many standards old approach to quadtslyibution’s efficiency in water based
systems didn't take losses from pipes into accofigta result, so far designed systems may
be slightly oversized and some savings are achieedim economic point of view. Another
investigation could study more cases with differéapology of the system. Bigger
installations could be taken into account. Wateselasystems are widely used in multi-storey
buildings and losses from pipes are there even mmaningful. Distribution’s coefficient
would change also because of bigger diameters méspiWhen such an investigation is
performed, it would be possible to define new disiiion’s coefficient for better standards
and designing guidelines.

In the next step, doors to bedrooms have been dtloBeis operation caused increase of
delivered energy because every zone has to bedheat&idually. However in terms of
efficiency, the difference is negligible. Variablgsandn, are nearly the same to the case with
internal doors open. All the results are presebtddw.
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Internal doors closed

Table 7: Power and energy in standard heating syste with non-insulated pipes - internal doors closed

STANDARD HEATING SYSTEM WITHOUT INSULATION

Without pipes With pipes
ot | sy | Toemlloes T *
w kWh W kWh w kWh
January 526,8 391,9 538,5 400,6 113,6 84,5 0,79 0,98
February 336,8 250,6 374,8 278,9 77 57,3 0,79 0,90
March 155,2 115,5 206,9 153,9 43,2 32,1 0,79 0,75
April 32,5 24,2 56,3 41,9 11,6 8,6
May 5,5 4,1 11,8 8,8 2,3 1,7
June 0 0,0 0,2 0,1 0 0,0
July 0 0,0 0 0,0 0 0,0
August 0 0,0 0,2 0,1 0 0,0
September 16,8 12,5 27,3 20,3 5,1 3,8
October 125 93,0 156,2 116,2 35,7 26,6 0,77 0,80
November 377,9 281,2 395,2 294,0 87,3 65,0 0,78 0,96
December 525,6 391,0 535,7 398,6 114,4 85,1 0,79 0,98
1564,0 1713,5 364,7 0,79 0,91
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Table 8: Power and energy in standard heating syste with insulated pipes - internal doors closed

STANDARD HEATING SYSTEM WITH INSULATION

Without pipes With pipes
pO\II-«\I\::; :ﬁzcr’g:etztizr:)gnes poxﬁ; :ii?g:ia:izr;gnes Ul [(EEECE N1 N2
W kWh W kWh W kWh
January 526,8 391,9 529,3 393,8 31,7 23,6 0,94 1,00
February 336,8 250,6 368,8 274,4 21,9 16,3 0,94 0,91
March 155,2 115,5 203,1 151,1 12,5 9,3 0,94 0,76
April 32,5 24,2 54,6 40,6 3,5 2,6
May 5,5 4,1 11,4 8,5 0,7 0,5
June 0 0,0 0,2 0,1 0 0,0
July 0 0,0 0 0,0 0 0,0
August 0 0,0 0,2 0,1 0 0,0
September 16,8 12,5 26,1 19,4 1,5 1,1
October 125 93,0 150,4 111,9 10,2 7,6 0,93 0,83
November 377,9 281,2 384,4 286,0 24,5 18,2 0,94 0,98
December 525,6 391,0 527,3 392,3 32 23,8 0,94 1,00
1564,0 1678,3 103,0 0,94 0,93
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Table 9: Power and energy in simplified heating syem with non-insulated pipes - internal doors clost

SIMPLIFIED HEATING SYSTEM WITHOUT INSULATION

Without pipes With pipes
pO\II-«\I\::; :ﬁzcr’g:etztizr:)gnes poxﬁ; :ii?g:ia:izr;gnes Ul [(EEECE N1 N2
W kWh W kWh W kWh
January 468,1 348,3 474,1 352,7 94,4 70,2 0,80 0,99
February 287,2 213,7 287,2 213,7 62,1 46,2 0,78 1,00
March 106,3 79,1 113,9 84,7 27,1 20,2 0,76 0,93
April 4,1 3,1 4,7 3,5 1,8 1,3
May 0,1 0,1 0,1 0,1 0,1 0,1
June 0 0,0 0 0,0 0 0,0
July 0 0,0 0 0,0 0 0,0
August 0 0,0 0 0,0 0 0,0
September 0,8 0,6 1,1 0,8 0,5 0,4
October 77,8 57,9 80,7 60,0 20,7 15,4 0,74 0,96
November 328,5 2444 331,6 246,7 70,6 52,5 0,79 0,99
December 469 348,9 478,5 356,0 95,2 70,8 0,80 0,98
1296,0 1318,3 277,1 0,79 0,98

43




Table 10: Power and energy in simplified heating stem with insulated pipes - internal doors closed

SIMPLIFIED HEATING SYSTEM WITH INSULATION

Without pipes With pipes
pO\II-«\I\::; :ﬁzcr’g:etztizr:)gnes poxﬁ; :ii?g:ia:izr;gnes Ul [(EEECE N1 N2
W kWh W kWh W kWh
January 468,1 348,3 464,4 345,5 25 18,6 0,95 1,00
February 287,2 213,7 278,9 207,5 16,6 12,4 0,94 1,00
March 106,3 79,1 108,2 80,5 7,3 5,4 0,93 0,98
April 4,1 3,1 3,8 2,8 0,5 0,4
May 0,1 0,1 0,1 0,1 0 0,0
June 0 0,0 0 0,0 0 0,0
July 0 0,0 0 0,0 0 0,0
August 0 0,0 0 0,0 0 0,0
September 0,8 0,6 0,8 0,6 0,1 0,1
October 77,8 57,9 76,3 56,8 5,6 4,2 0,93 1,00
November 328,5 2444 320,2 238,2 18,8 14,0 0,94 1,00
December 469 348,9 467,8 348,0 25,3 18,8 0,95 1,00
1296,0 1280,1 73,8 0,94 1,01
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Figure 34: Distribution coefficient for standard heating system with non-insulated pipes - internal dors
closed
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Figure 35: Distribution coefficient for standard heating system with insulated pipes - internal doorglosed
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Figure 36: Distribution coefficient for simplified heating system with non-insulated pipes — internadoors
closed
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Figure 37: Distribution coefficient for simplified heating system with insulated pipes - internal doa
closed
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Standard and simplified heating system

On the beginning, it has to be said that both systdeliver different thermal conditions, so

comparison between them is not totally clear. Ninabess, an attempt may be done with
awareness of this fact. Averaged delivered energgvery month has been categorized in four
cases in the same way like before.

Table 11: Heating energy in standard and simplifiecheating system — internal doors open

Heating energy to zones, kWh
STD STD INS SIM SIM INS
January 395,2 388,5 387,6 379,1
February 273,8 267,8 237,8 231,9
March 143,7 140,2 97,3 94,4
April 22,8 21,3 4,3 3,9
May 2,6 2,4 0,1 0,1
June 0,0 0,0 0,0 0,0
July 0,0 0,0 0,0 0,0
August 0,0 0,0 0,0 0,0
September 7,4 6,6 1,5 1,2
October 108,3 102,9 73,3 69,7
November 291,5 282,8 276,4 267,7
December 395,5 389,5 389,6 380,9
1640,7 1602,0 1468,0 1428,9

Table 12: Heating energy for standard and simplifid heating system - internal doors closed

Heating energy to zones, kWh
STD STD INS SIM SIM INS
January 400,6 393,8 352,7 345,5
February 278,9 274,4 213,7 207,5
March 153,9 151,1 84,7 80,5
April 41,9 40,6 3,5 2,8
May 8,8 8,5 0,1 0,1
June 0,1 0,1 0,0 0,0
July 0,0 0,0 0,0 0,0
August 0,1 0,1 0,0 0,0
September 20,3 19,4 0,8 0,6
October 116,2 111,9 60,0 56,8
November 294,0 286,0 246,7 238,2
December 398,6 392,3 356,0 348,0
1713,5 1678,3 1318,3 1280,1
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Following graphs show that simplified heating systiet save some energy. When internal
doors are open the greatest difference is visibl&abruary, March and October. In these
months savings about 50 kWh have been noted. Invbwde year simplified loop is able to
save ~170 kWh (table 11). It should be mentionkdt previous analysis proved acceptable
thermal comfort for simplified loop when doors a@en. When some savings are achievable
without significant change of thermal comfort, thyge of system should be used. When
internal doors are closed savings are even gréad®0 kWh in the whole year, table 12).
These additional savings are achieved at the erpefigss thermal comfort. In reality doors
are closed mainly in the night and previous analpsoved acceptable thermal comfort. The
amount of savings in this case will be between a7@ 400 kWh. It has to be mentioned, that
these savings are not the only one. Simplified loggans less number of heat emitters and
less investment costs. This installation needs lals® electricity for pump because pressure
drop is lower. Doubtlessly, simplified heating g&mstcan be designed in highly insulated
buildings.

Figure 38: Heating energy in different systems - iternal doors open
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Figure 39: Heating energy in different systems - iernal doors closed
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4. Conclusions

Two heating systems in very well insulated buildimgve been investigated in Thesis. The
point was to check how these systems work whenlepgeof the building has very good

thermal properties. Firstly, thermal comfort hasrbestudied and people’s reaction on
conditions in the building. The question was, Mveis achievable to maintain thermal comfort
on satisfying level, when water loop in heatingteys is simplified and there are only two

radiators in whole house. It was stated, that imatledoors influence thermal conditions in the
house. When they are closed, temperature in bedraotoo low and unacceptable. However,
such a case doesn’t occur in reality. Doors to d&us are mainly open and people close
them in the night for about eight hours. Simulasidor this situation have been run and
results were positive. There was no big differehetwveen standard and simplified heating
system and it can be clearly said, that with tstgndard envelope, full number of radiators is
no needed anymore. This lead to wide savings becausber of units is lower and total

length of pipe network is shorter. Furthermore phessure needed to provide is lower in
simplified loop. The future of simplified heatingssems in energy-efficient buildings is very

promising.

These systems have been also investigated in tefrefficiency. Old approach to define
distribution’s efficiency assumes that losses figipes are not recoverable, despite pipes run
through zones, which are needed to be warmed. \Wdoewverable losses have been taken into
account, systems turned out to be more efficiehe difference depends on topology of the
system, its size and thickness of insulation, betfact is unbeatable: losses from pipes are
extremely important and cannot be ignored in dinwemsg of heating systems. When they
are taken into account, real variable of distribitcoefficient can be quantified and whole
installation will not be oversized. This will leénol savings in energy and in costs.

In order to define universal distribution coeffigiefor standards and designing guidelines
next investigations should be done. Other hous#s dviferent size and topology of heating

system could be analysed. Other diameters shoulakiea into account. Parameters of supply
and return water also influence losses from pipé&ss problem is complex, but possible to

solve with suitable amount of research.

50



FIGURE AND TABLE LIST

Figure 1. Connection between surface area andrtegskof insulation (description in text)... 5
Figure 2: Heat losses and gains in typical PadSese [6] ........covvvveveniiiiiiiiiiieiiiii e 7
Figure 3: Scheme of using losses from pipes asialt@ains ................ooeevvvvivnnnnnnnsmmmmnns. 14
Figure 4: Construction of ICE-MACROQO ........couiiiiiiieiiiiiiiiiisee e e e e e e e e e ee e eeeeeeeeeeeneane 15
Figure 5: IDA model for standard heating SYStem.........ccccoeeeeieiiiiiiiieee 16
Figure 6: Scheme of IDA model for standard heasipgfem .............cccceevvvvvvviiiiicciiieeenn, 17
Figure 7: IDA model for simplified heating SYyStem..............ouviiiiiiiiiii e, 18
Figure 8: Scheme of IDA model for simplified hegtsystem ..............coevviiiiiiiiiiiiieenn. 19
Figure 9: Outside dry-bulb temperature ... 20
Figure 10: Temperature in living room for two syste- internal doors open ............cc......... 21
Figure 11: Temperature in hall 2 for two systerrgernal doors open ...........cccceeeeeeeneee 22
Figure 12: Temperature in bedroom 2 for two systemgernal doors open......................... 22
Figure 13: PMV in bedroom 2 for two systems - inErdoors open.............ccceeeeeeeeeeenn 23.
Figure 14: PPD in bedroom 2 for two systems - maEdoors OPen .........cccceeeeeeeeeeeeeeenens 23
Figure 15: Temperature in living room for two syste- internal doors closed ..................... 24
Figure 16: Temperature in Hall 2 for two systenmrgernal doors closed...............ccc....... 25,
Figure 17: Temperature in bedroom 2 for two systemgernal doors closed....................... 25
Figure 18: PMV in bedroom 2 for two systems - in&drdoors closed .............cccceeevvnneee 26..
Figure 19: PPD in bedroom 2 for two systems - maedoors closed...........cccooeveeeeeeenee 26
Figure 20: Temperature in bedroom 2 for two systemternal doors closed....................... 27
Figure 21: PMV in bedroom 2 for two systems - in&rdoors closed ............ccccceevvvnneee 28..
Figure 22: PPD in bedroom 2 for two systems - maedoors closed...........ccceeeeeeeeeennnee 28
Figure 23: Temperature in bedroom 2 for two systeshedule for internal doors (7-23) .. 29
Figure 24: PMV in bedroom 2 for two systems — sciedbr internal doors (7-23) ............. 30
Figure 25: PPD in bedroom 2 for two systems — sgleeftr internal doors (7-23)............... 30
Figure 26: Heat balance, pipes without insulatidanRuary ............ccccceeeeeeiiiieeeeeieinnnnn. 31
Figure 27: Heat balance, pipes with insulationnudaly .................oevviiiiiiinnneee e 32
Figure 28: Losses from pipes in standard heatistegy - January ............ccccooeeeeeeeivnr 32
Figure 29: Losses from pipes in simplified heatiggtem - January .........ccc.coevvvvvvvnnnnenn 33
Figure 30: Distribution coefficient for standardatiag system with non-insulated pipes -
1] (=T g = U0 (0T £ o] o =1 o [ 38
Figure 31: Distribution coefficient for standardatiag system with insulated pipes - internal
(0 [oTo T £ 0] 0 1] o [ PRSP PUPPTRPPPRRRI 38

Figure 32: Distribution coefficient for simplifiedeating system with non-insulated pipes -

internal doors open

Figure 33: Distribution coefficient for simplifietheating system with insulated pipes -
internal doors open
Figure 34: Distribution coefficient for standardatiag system with non-insulated pipes -
internal doors closed
Figure 35: Distribution coefficient for standardatiag system with insulated pipes - internal
doors closed

51



Figure 36: Distribution coefficient for simplifiedeating system with non-insulated pipes —

INtErNal dOOIS ClOSEA........oiiiiiieiei ettt e e e e et as 46
Figure 37: Distribution coefficient for simplifietheating system with insulated pipes -
INtErNal dOOIS CIOSEA........ciiiiiiiiee et e e e e e e as 46
Figure 38: Heating energy in different systemgernmal doors Open .........cccceeeeeeeeeeees o A8
Figure 39: Heating energy in different systemgernimal doors closed.................ccceees v 49
Table 1: Selection of radiators for standard h@asiystem ..............ccccccveieiiiiieiieeeeeeeneee, 11
Table 2: Selection of radiators for simplified hegtsystem.............cccceeeiiiiiiiiiiiivceeeee, 11
Table 3: Power and energy in standard heating systgh non-insulated pipes — internal
(0 (o T0 T £ 1= o [PPSR 34
Table 4: Power and energy in standard heating systgh insulated pipes - internal doors
(0] 01T o [PPSR 35
Table 5: Power and energy in simplified heatingteyswith non-insulated pipes - internal
(0 [oTo T £ 0] 0[] o [ TSR PR P PPPPURUPRRRRR 36
Table 6: Power and energy in simplified heatingesyswith insulated pipes - internal doors
(0] 01T o [P UPPRT PP 37
Table 7: Power and energy in standard heating rsystéh non-insulated pipes - internal
(0 [oTo] 1= od [0 1S =T o PP PPTPPPPP 41
Table 8: Power and energy in standard heating systgh insulated pipes - internal doors
(030157 U PPPUPPURRTR 42
Table 9: Power and energy in simplified heatingteyswith non-insulated pipes - internal
(0 [oTo ] £ ox [0 157 =T o USRS PPPURUPPRRRP 43
Table 10: Power and energy in simplified heatingtesy with insulated pipes - internal doors
(0] [0 1S o PP PP PP TP 44

Table 11: Heating energy in standard and simplifiedting system — internal doors open... 47
Table 12: Heating energy for standard and simplifieating system - internal doors closed 47

52



REFERENCES

[1] Passivhaus primer: Introduction - An aid to argtanding the key principles of the
Passivhaus Standard — Brochure from BRE, unit texgid with the Passivhaus Institut.

[2] Passivhaus primer: Designer’s guide - A guiolethe design team and local authorities -
Brochure from BRE, unit registered with the Pasaudlinstitut.

[3] Passivhaus primer: Contractor’s guide - So yeween asked to build a Passivhaus? -
Brochure from BRE, unit registered with the Pasauslinstitut.

[4] Passivhaus primer: Airtightness Guide - Airtiiglass and air pressure testing in
accordance with the Passivhaus standard - BrodtameBRE, unit registered with the
Passivhaus Institut.

[5] Laurent Georges, Monica Berner, Hans Martinttigen (2014). Air heating of passive
houses in cold climates: Investigation using dethdynamic simulations.

[6] Wolfgang Feist, Jirgen Schnieder, Viktor DorAnne Haas (2005). Re inventing air
heating: Convenient and comfortable within the feamhthe Passive House concept.

[7] Laurent Georges, @yvind Skreiberg, Vojislav M&wvic (2013). On the proper
integration of wood stoves in passive houses: hy&son using detailed dynamic

simulations.

[8] Laurent Georges, @yvind Skreiberg, Vojislav M&ovic (2014). On the proper
integration of wood stoves in passive houses uoalérclimates.

[9] Mikk Maivel, Jarek Kurnitski (2014). Low tempesture radiator heating distribution and
emission efficiency in residential.

[10] G. Rojas, R. Pfluger, W. Feist (2015). Casceaeetilation—Air exchange efficiency in
living rooms without separate supply air.

[11] Donald C. Rennels and Hobart M. Hudson (201Ripe Flow: A Practical and
Comprehensive Guide, First Edition.

[12] Frank P. Incropera (2014). Fundamentals oftlded Mass Transfer.

[13] Technical Catalogue. Panel Radiators. PURM@LEJ.

53



PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

Appendix 1:Standard heating system (scale 1:100)
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Appendix 2: Scheme of
standard heating system
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1st floor

Ground floor

Appendix 3: Simplified heating system (scale 1:100)
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Appendix 4. Scheme of
simplified heating system
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Appendix 5: Standard heating system - hydraulic calculations

Standard heating system - hydraulic calculations

Part number | QW | m, kg/s | Vv, /s I, m d, mm | R, Pa/m | v, m/s | K, - | Ap, Pa Ap,, Pa Ap, Pa | | description, loss coeficients
Loop with radiator in room 202
1 2673 | 0064 | 0,065 3,13 18 250 0,50 4,09 783 504 1287 2 bends K=0,475, 2 tees K=0,848, swing
check valve K=1,5, filter K=4,7
2 1302 0,031 0,032 3,48 15 240 0,40 5,80 835 458 1293 2 bends K=0,475, 2 tees K=2,426
3 716 0,017 0,017 4,36 15 170 0,24 2,59 741 74 815 2 bends K=0,475, 2 tees K=0,794
4 444 0,011 0,011 2,63 15 110 0,20 1,90 289 53 342 4 bends K=0,475, radiator Ap=15 Pa
2 3736
h, m 5,64 Apy,, Pa 187
3549
Loop with radiator in room 201
1,2,3 counted in previous loop
5 272 0,006 0,007 0,40 12 190 0,32 0,95 76 54 130 | 2bends k=0,475, radiator Ap=6 Pa
2 3524
h, m 5,64 Apy,, Pa 187
3336
Loop with radiator in room 203
1,2 counted in previous loop
6 586 0,014 0,014 7,07 15 150 0,31 2,69 1061 127 1188 2 bends K=0,475, 2 tees K=0,813
7 293 0,007 0,007 2,13 12 190 0,32 1,90 405 103 507 4 bends K=0,475, radiator Ap=7 Pa
2z 4275
h, m 5,64 Apg,, Pa 187
| eoss |
Loop with radiator in room 205
1,2,6 counted in previous loop
8 293 0,007 0,007 0,40 12 190 | 0,32 0,95 76 55 131 | 2 bends K=0,475, radiator Ap=7 Pa
2 3898
h, m 5,64 Apg,, Pa 187
3711
Loop with radiator in room 103 (kitchen)
1 counted in previous loop
9.10 1371 0,033 0,033 1,27 15 250 0,42 1,29 318 112 430 2 tees K=0,664
10 428 0,010 0,010 2,15 15 105 0,2 2,85 226 70 296 6 bends K=0,475, radiator Ap=14 Pa
2 2013
h, m 2,45 Apy,, Pa 81
1931
Loop with radiator in room 103 (living room)
1,9.10 counted in previous loop
9 943 0,023 0,023 3,71 15 150 0,3 2,85 557 195 752 | 6 bends K=0,475, radiator Ap=82 Pa
2 2469
h, m 2,45 Apy,, Pa 81

2388




Appendix 6: Simplified heating system - hydraulic calculations

Symplified heating system - hydraulic calculations

Part number Qw m, kg/s Vv, /s [, m d, mm R,Pa/m | v, m/s K, - Ap, Pa Ap,, Pa Ap, Pa description, loss coeficients
Loop with radiator in room 205
2 bends K=0,475, 2 tees K=0,916, swi
1 2725 | 0,065 0,066 3,13 18 250 0,51 8,80 783 1128 1911 ends ees’ SWing
check valve K=1,5, filter K=4,7
2 1317 0,031 0,032 9,36 15 240 0,4 4,75 2246 509 2755 10 bends K=0,475, radiator Ap=198 Pa
2 4666
h, m 5,64 Apy,, Pa 187
Loop with radiator in room 103
counted in previous loop
3 1408 0,034 0,034 4,983 15 250 0,42 3,80 1246 484 1730 | 8 bends K=0,475, radiator Ap=396 Pa
2 3641
h, m 2,45 Apg,, Pa 81
3559




Appendix 7: Selection of Thermostatic valves

Standard heating system

Thermostatic valve in room 203

Q,wW V,I/h valve parameters Apyave, Pa, counted Apyave, Pa, chosen Apk,op valve authority
293 25,5 RA-N 15 preset: 3.5 - 2600 6688 0,39
Thermostatic valve in room 205
Q, W V,I/h valve parameters Apyave, Pa, counted Apyave, Pa, chosen Apk,op valve authority
293 25,5 RA-N 15 preset: 3.5 2977 2600 6688 0,39
Thermostatic valve in room 202
Q, W V,I/h valve parameters Apyave, Pa, counted Apyave, Pa, chosen Apk,op valve authority
444 38,7 RA-N 15 preset: 4.5 3139 2500 6688 0,37
Thermostatic valve in room 201
Q,wW V,I/h valve parameters Apyave, Pa, counted Apyave, Pa, chosen Apk,op valve authority
272 23,7 RA-N 15 preset: 3 3351 3200 6688 0,48
Thermostatic valve in room 103 (kitchen)
Q,wW V,I/h valve parameters Apyave, Pa, counted Apyave, Pa, chosen Apk,op valve authority
428 37,3 RA-N 15 preset: 4 4756 3780 6688 0,57
Thermostatic valve in room 103 (living room)
Q,wW V,I/h valve parameters Apyave, Pa, counted Apyave, Pa, chosen Apk,op valve authority
943 82,2 RA-N 15 preset: 6 4300 4100 6688 0,61
Symplified heating system
Thermostatic valve in room 103
Q,W V,I/h valve parameters Apyave, Pa, counted Apyave, Pa, chosen APioop valve authority
1317 122,7 RA-N 15 preset: 7 - 5000 8228 0,61
Thermostatic valve in room 205
Q,wW V,I/h valve parameters Apyave, Pa, counted Apyave, Pa, chosen Apk,op valve authority
1317 114,8 RA-N 15 preset: 7 4669 4250 8228 0,52




