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1 INTRODUCTION

Sports hall is a place where everyone can enjaytiree. Sportsmen can perform the
best results and achieve success there. Audiencengay the performance. Everyone
is satisfied. But do you know how much energy wkzetfor this purpose? |1 think,

no. But the amount of wasted energy is terribly Bigerefore, experts started to care
of it. For this purpose, there are a lot of waysatuce energy consumption and now-
adays specialists are trying to follow these w&gsif assumption is justified we can

significantly reduce the amount of energy consuampkiefore year 2020.

My thesis covers the analysis of energy consumgtoair-supported structure,
which has not been built yet. Air dome is usedsfoorts hall, especially for halls for
professional football games. Such structures arearmmon now but very useful, and
they don’t required high investments in manufactgiand installation. The produc-
tion costs of these air domes depend on many fastarh as different types of shell,
heating and cooling systems, base and lighting. @awh of these factors impacts on

operation cost and other different benefits.

The aim of this thesis is to find out the effectlud type of envelop on energy con-
sumption. For this purpose, | have to detect dinoessand types of ventilation, heat-
ing, cooling and lighting of the sports hall. Thesgameters are considered to be con-
stant and | will change only type of shell and gpen time of the sports hall. Calcu-
lations are done for three main types of the empeelaf air-supported structure. Re-
sults of these calculations have to be comparetitfanbest type of shell is selected
then.

Another objective is to give recommendations fafirsgenergy. Energy demand de-
pends on many factors. Each of these factors lyzethand recommendations for
energy efficiency are given. Based on calculatidifeerent operation times and set-

tings of equipment are compared and analyzed foosihg the most energy efficient.

Beside the results of calculations this thesishalpnufactures and owners of air

supported structures to save energy and develgpiraimate. It can help to choose



suitable equipment for air domes. Also, it showeswlay that is better for operating air

supported sports facility.

Firstly, information about sports hall and indobmate will be given here. Different
inside conditions are possible. That is why diffénequirements are considered and
compared for definition the best one. Then the lEpeeparts are described. Their
parameters are compared, and some values for aadcubre given as well. Next part
is the main part of this thesis. It describes datoons and formulas used for defini-
tion energy consumption. Then based on these edilon$ | will give some recom-
mendations and additions about equipment and gsttor energy conservation.
Certainly, one of significant factors affecting #a@ergy consumption is the size of the
sports facility. Therefore, | will start the degatron of the sports hall from the dimen-

sions.

2 DESCRIPTION OF THE SPORT HALL

First of all, when designer is projecting and disiening any construction he has to
know purpose, dimensions and type of structure.splwets hall is designed for condi-
tions required for the southern city of FinlandeadlMikkeli. Inside this sports hall,
there will be a football field that can be usedgoofessional games and trainings.

This playground can also be used for athleticsahdr different types of exercises.

2.1 Dimensions

For a good state of football ground with possipitd use it on high professional level,
| should design the playground with dimensions neguby FIFA World Cup™This
organization provides special ground for all prefesal football matches, and they
set guidelines. “For all matches at the top profess level and where major interna-
tional and domestic games are played, the playaid $hould have dimensions of
105m x 68m.”/1/. Also, it is necessary to have hary area. “Additional flat areas

are required beside the playing field, ideally beheach goal line, where players can
warm up. This area should also allow for the catioh of assistant referees, ball boys
and girls, medical staff, security staff and thedraelt is recommended that this

should be a minimum of 8.5m on the sides and 10mhem®nds. This results in an



overall playing field and auxiliary area dimensmiength: 125m, width: 85m.”/1/.

On the following picture, you can notice dimensiofisur ground.
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Figure 1. Dimensions and layout of a football grood /1/

In the sports arena it is necessary to take caspaiftators as well. | will make a spe-
cial area for audience. The capacity of the st&m860 sitting places. It means that
the total area for our air supported structure2is £ 90m. So when | know dimensions

for playground | can think about occupants.
2.2 Number of occupants

When sports facility is designed, perfect ventilatand thermal conditions must be
designed too. Without them, there is high probgbdf getting some kind of injures,
so sportsmen health can be at risk. To providewi#tl good indoor air quality de-
signer has to know a lot of things such as the rrmaboccupants, dimensions, and
type of building. This large sports arena is destrso it means that there are a lot of
conditions that can determines how many peoplsituated in our hall. For example,
if there are only trainings in the facility it mesathat there will be about one hundred
occupants, but if it is an official match betweer teams there will be not more than

seven hundred occupants.

This sports hall is a public building, so high gtyabf indoor air should be provided.
Consequently, it is necessary to calculate the maxi amount of occupants that will

be at sport hall at the same time. In our casee thee seats for 500 spectators and 50



service persons and place not more than for 10@sspen. It means that the total
amount of people who situated inside the builds§50. And we should not forget
that this is the maximum number of occupants thatukl be provided with indoor air
conditions. It means that when | will calculatefrv change and thermal conditions

it is necessary to remember the number of occupamtsr structure.

3 INDOOR CLIMATE

First of all, when HVAC systems are designed, ttganization in charge of it has to
know all kinds of conditions that provide normalnwef the construction and occu-
pants. There are some significant parameters tipattb achieve these conditions.
Values of these parameters are possible to fidifierent standards and require-
ments. In this thesis work | will investigate reaoendations given by National
Building Code of Finland (D2), American StandardS(ARAE), Russian National
Building Code 81-112-2004. Of course, indoor conditions have to meet whid t
Finnish guidelines because the sports hall istatlim Finland. But it is possible to
improve indoor climate if indoor conditions meetiwother standards that give the
regulations for the best state of indoor air. Frg teason this comparison will be
done.

3.1 Finnish national building code D2. Regulation and gidelines

In the following chapter, | will look closer at tihegulations that are applied in Fin-
land. These guidelines are the most essentialuiostoucture because the sport hall
will be situated in Mikkeli. It means, recommenadas for this location has to be con-
sidered. In D2 Regulations and guidelines 2003dbrctlimate and ventilation of
building” /2/ there is general information abouteptable indoor climate in buildings
and spaces. Also, there is “Guideline values fonrdaemperatures for different room
types during the heating season for premises whereoom temperature design value
is not 21°C.” /2 p.8/. There are no special regulations fmrshalls, but there is the
guideline for gymnastics hall. According the NaabBuilding Code of Finland D2
temperature in sports facility hall has to be’@8



At the same time, normal level of relative humidityst be ensured, but there is no
exact value of it in D2. It is only written: “Theaumidity of indoor air shall not be
harmfully high on a continual basis, nor shall hdityi be allowed to concentrate on
structures or their surfaces or in the ventilaggstem in such a way that it will cause
moisture damage, growth of microbes or micro-orgiasi or any other health haz-
ards.” /2, p.10/. It means, in each case, | haygdaduce moisture level based on the
purpose of the facility.

Another important value is air change rate. Thigne of omportant amounting of
indoor air quality. In the Finish National Buildir@ode D2, there is “guideline values
for air flow rates, air movement and sound lev&,’p.30/. This guideline gives us
information that air velocity should not exceed4@/s for our temperature and air
change rate have to be 2 @s)/nf. The value of air change is taken for large gym

hall, because it is quite similar with our spouilidy.

To meet the Finish National Building Code D2 | hawgrovide indoor climate of the
sports hall with 18C degrees Celsius and relative humidity 40-70%.

3.2 Russian National Building Code 31-112-2004hysical training and sport

halls.

In this chapter | will investigate the regulatiombich Russian National Building
Code gives us for physical training and sport hdlles document has a special chap-
ter about engineering systems, heating and ventlathere are guidelines for tem-

perature and relative humidity.

“Designing parameters of air inside sports hadithout an audience made
temperature of 15 ° C with relative humidity 35096 and air velocity not more than
0.3 m/s. In areas for health and fitness classt@®ated temperature during the cold
period is taken 18 ° C and relative humidity is-360%. At summertime temperature
should not exceed 2&.” /3, p.34/.

In our case, there is the athletic hall with 500gde audience. It means that operative

temperature is 18 and relative humidity is 30-60%. But when ther@ @nly train-



ings and other exercises, in other words when tisene audience it is possible to
lower temperature to 1% for saving energy. But these changes are difftoubut

into account because they are given just as a neenation for staff.

3.3 ASHRAE

In this chapter, | will consider ANSI/ASHRAE Stamd&5-2004 “Thermal environ-
mental conditions for human occupancy.” /4/. Irstiocument, there is information
about operative temperature, humidity limits, etedaair speed, radiant temperature,
metabolic rate and clothing insulation. In this @aghere is information about how to
calculate these parameters and determine the nwhbdessatisfied occupants. Also,
ASHRAE standard gives value for predicted percemtiigsatisfied (PPD) and pre-
dicted mean vote (PMV). Categories A and B are atedde by ASHRAE standard.
To meet these categories PPD and PMV has to neeédxbe values which are shown

in table 1.

Table 1.Acceptable Thermal Environment for General Comfort/4, p.6/

Category PPD, % PMV Range
A <6 -0.2<PMV <+0.2
B < 10 -0.5<PMV <+0.5
C < 15 -0.7<PMV <+0.7

This standard does not give information about exaktes of temperature and relative
humidity in sports halls. But it is possible to dWse document when the equipment

will be adjusted.

3.4 Comparison

The conditions have to be designed in such waytémaperature, relative humidity
and air movement does not cause any dissatisfatiimccupants. Also, these condi-
tions have to provide normal work of constructiowl @quipment. Luckily, the enve-
lope of air-supported structure is not exposedtoosion, fungus, mold etc. This is
one of the advantages of PVC membrakieyway, indoor air quality has to achieve to
meet standards and guidelines. Table 2 has dasimfify the selection of the indoor

conditions.



Looking in table 2, we can notice comparison gurs of different countries for

sport facilities

Table 2. Indoor air guidelines for sports halls

Standards D2(Finish) 31-112- ASHRAE(American)
Parameters of Indoor 2004(Russian)

Climate

Temperature, C 18 15-18 Adjusting
Relative humidity, % Adjusting(40-70) 30-60 Adjusting

Air velocity, m/s <0,24 <0,3 <0,8

Summarizing these standards, | suppose that ibeibetter to combine different pa-
rameters in order to provide perfect indoor airliqpaBut at the same time | will try

to achieve conditions to meet with all of theseursgments. Temperature has to be
provided in such a way audience does not feel dotthg their stay on places. | prefer
18 degrees of Celsius for our sports hall in wititree and 2°°C in summer time, and
relative humidity has to be 40- 50%. It is necegs$armvoid draft. That means that air

velocity should not exceed 0,24 m/s according to D2

Now | know dimensions and number of occupants ortsghall, and | know indoor
climate conditions that are taken from differemtnstards. On the next chapter, | can

start to design envelopes and equipment.

4 FACTORS AFFECTING ENERGY CONSUMPTION

The amount of energy is measured in Joules (Jjaw&tt-hours (kWh). However,
talking about energy consumption for whole buildingit usually is MWh. There are
two laws of thermodynamics. The first of it statlest neither energy nor matter can
be destroyed. The second law of thermodynamiceptesules that guide in which
way transformations are possible.

“Energy that has not been converted into any dibven such as hydropower, coal



and crude oil.” /5/. However, we can decide whaetgf energy is possible to use for
the air-supported structure. There are a lot pé$yof energy, for example renewable,

hydropower, solar and geothermal energy.
All the time energy in a building has to be in Imale. There are inlet and outlet flows

of energy as it is shown in figure 2. Total heatmgrgy consumption, which is re-
quired for building, is calculated based on thesat lgains and heat losses.

9%

Gains
Quen ~q B

% Demands e

Qy losses E £
P  Enemgy for generalion, conversion Qs  Gained solar energy

St FanSpOHali Quen Gained energy by heat

E Supplied, delivered energy exchanger
Qy Heat losses by [ransmission Q; Internal heat gains by persons,
Qu Heat losses by ventilation and air ALGHANCES, CISCIONC GEVnes

leakage and lighting

Figure 2. Buildings energy balancé6, p.14/

It is necessary to keep heat inside as much agop®ésr saving money and energy.
4.1 The envelope

One of the important parts of energy conservaticateggy is envelope. In air support-
ed structures the most of heat loss occurs thrtheglenvelope such as shell and floor.

Heat losses through the floor are quite volumindirese losses appear due to con-

crete structures under the building that have higralue. In the common case, these



structures can be insulated, but it takes spetiéiterials and extra costs. However, it
should be done for energy conservation. In thiskwiocalculate heat losses of air
supported structures with constant structure oflthe and different types of enve-
lope. There are 3 mainly different types of surding surfaces in air domes. These

types will be clarified below.

4.1.1 Shell

In this work, | design sports hall, which is regmeted by air supported structure.
Shells of air domes may have different shapes angwf fastening to the ground
such as untreated ground or uncommon foundatidm $la most popular shape of air
domes is a cylinder. Shell also can be one-, tilwee-layer depending on the re-
guired values of insulation characteristics. THyaseline air-supported structures are

analyzed in this thesis.

First of all, single-layer membranes without insigla and different types of heat
emitters are used in summer time only. Usually typi® of membrane has small
weight and cheap fixing. It is impossible to walmstconstruction during the winter
times because of huge heat losses. Sometimesmesare insulated and then are set
up individual equipment for heating. In such caisis, possible to use it during the

whole year.

Second structure is the most common. Double mershsaoften used in air-
supported halls designed for different types ofrsfaxilities. Nowadays it is an ac-
ceptable variant for countries without extreme elien This type has a quite adept
thermal resistance and durability properties. ihik structure, there is a possibility
to use both cooling and heating systems. It mdaatsotvner can use the air dome
during the whole year. On the figure 3, we canae$icheme of double membrane.
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Outside
760 - 1500g/m2

Air

500 - 700g/m2

Inside

Figure 3. Double membrane schem#& p.7/

The last type is a triple-layer membrane that iscoonmon now. There are a lot of
benefits of this type of envelope. This membraredmall U-value; it means that heat
losses through the shell are the smallest in cosgravith other membranes. Insula-
tion of thin parts of double membrane or third lagkthe envelope provides the value

of heat conductivity with air gap between thesetay

“Experiences from built houses and detailed boddsimulations call for a careful
and integrated approach when designing heatingaolthg systems for nearly zero
energy buildings is clearly a need to adapt ouretursystems in such a way that they
optimize both energy use and comfort requiremantsw energy construction.” /6/.

In the way of energy conservation strategy, thietgf envelope for air supported
structure is the best one. At first, it requiresrenimvestments but with using heating
and cooling systems it can provide a short periqehgback and long period of work.

It can save a lot of money for air dome’s ownehé#y will use the sports hall regular-

ly.

Membranes for air supported structures have aflbeoefits and meet with all regula-
tions of civil structures. As well, this type ofverlope is easy to maintain and it has a

long period of life, excellent resistance from wesat fire, fungus and mildew.

Pressure inside the structure depends on weigheanvelope of air dome and the
pressure on the surface caused by wind and snavexample, for light single mem-
brane inside pressure is more than 150 Pa accatftgnigussian Building CodeH

497-77. Of course, these values depend on dimensicair dome. There is formula
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where pressure is a function of wind pressure amesions of air supported struc-
ture. Inside pressure affects on leakage air obthieling. That is why it should be
taken into account in calculations. Moreover, amaireak air depends on fixing

shell to base. Different types of fastening wilhswer further.
4.1.2 Base

Another kind of the envelope is a floor. One of aabages of air domes is a small
weight of its constructions comparing with otheirlding. It means that the cost of the
foundation is much less than in standard sporittfas. Inside the air dome, there

is overpressure. It means the building tends takbesvay from the

ground. Foundation prevents it and it can be ofttypes: the anchor and the ballast.
Anchor type of foundation is a concrete (steegpihat are hammered into the
ground (concrete slab), or metal screw piles thasarewed into the ground. Their
number and size depends on the size of air donfegure 4 you can see the standard

construction of the anchor type of foundation.

Konbuo 8 ankepe
oreepcrue nop Tpy6y Dy 32 (Anchor's hole D32)

Anchor

Berou (Concrete)
Tennowsonsuua _ (INnsulation)

Tennousonauma_(INsulation)

HaxX
Drainage

Figure 4. Foundation for anchor’s fastening &/
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In this picture, strip foundation is shown with fmation slab under the building.
Most common height of concrete layer is about 15This concrete slab is situated
between two layers of insulation. Thickness of eéashlation layer is 10 cm. During

the insulation football ground should be instakedwell.

Ballast foundation pier is made from monolithic coete or precast concrete blocks,
located along the contour of the shell. The minimateral dimensions of the founda-
tion are 400 mm in width and 600 in height. Slope to be not less than 4% from

outside the foundation, to organize the flow ohveater and melt water.

Steel angles and anchor bolts provide the junafdhe shell and foundation by
pressing the edge of air dome to the foundation $Mater-filled bottles, bags of sand

or other loose materials also can be used as bhbasit is shown on figure 5.

EBemon I|| Boda

Concrete Water

Figure 5. Ballast foundation/9/

This type of foundation has some disadvantagese¥xample, amount of leakage air
is much bigger with this construction than with laoics foundation. For energy con-
servation, it is necessary to provide the bestigitness. Taken all these disad-
vantages into consideration we can see that thes @y foundation is not suitable.

4.2 The ventilation

Ventilation has to provide acceptable indoor amlgy and prevent health hazards or
any other pollutants. However, in air supporteddtires the purpose of ventilation is
not to provide indoor climate only. In air domesiration is used for heating in win-

ter time and cooling during the summer. What isengentilation is a system guaran-
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teeing the stability of the dome. In air suppoadctures shell is based on air, which
is blowing inside with particular oversized fanex\ | will look closer on this sys-

tem.

4.2.1 Heating by the ventilation system

Air heater depends on available source of heattiiktgaoils or fire heaters are most
common for air supported structures. In rare casestric heating is used but only for
small areas because of high electricity price. Waitelycol heaters are very easy to
use, and there are no disadvantages of it besithe afsk of thawing. When water
heaters are using they should have strict linkrpatars of heat source and the load in

the form of graphs and flow rate.

Also when warm air passes it is important to remenaiout durability of material.
The material itself is very strength under norneahperature in the range -50 ... +50 °
C. But in excess of 60-70 ° C the material lossdimability and structure of material
can be deformed. So when air dome is heated withitach temperature is above 60 °

C, it can cause deformation of the material andis/éte individual bands of the shell.

For heating so large sports facility, | can usequaiidea of designers from DUOL'’s
company. They suggested using condensing heatihgvitin high thermal efficiency.
This efficiency is achieved with condensing stasslsteel boiler in combination with
premix gas burner. The idea is quite understandadbleing combustion of the gas,
water vapor is produces, which in traditional hesateaves the unit through the chim-
ney. In condensing boilers this water vapor igaé¢d and converted to heat energy for
maximum efficiency. In premix burners air and gesraixed in special air tight
chamber, what ensures maximum gas efficiency. Barae fully modulating, con-
trolled by sensitive probe of outlet air temperatiVith the unit running 40% of its
working time on minimum and average of 40°C coristatlet air temperature, the
low stratification effect is achieved. In overdiketenergy savings with the heating unit
is 45-50%. “/10/. This system looks like it showmf@ure 6.
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Figure 6. Condensing ventilation/heating unit10/

This equipment connects with fan that is situatesidie the air dome and flows warm
air. Special fans are used to prevent uneven loligion of warm air inside and pro-

vide recirculate air.

4.2.2 Recirculation system

Amount of recirculated air is 80% of all air floWt.means that it is very important to
provide quality work of this system. The main puwe®e of fans are to circulate air and

support the pressure in air supported structure.

Choosing the fan for air supported structure iy vwerportant task and it is necessary
to pay attention to two main factors. The firsttéads the value of the fan efficien-
cy. This fan will operate 24 hours per day. Consedjy, energy consumption for it
will be very high. So efficiency of equipment playery important role for energy
saving strategy. It is possible to conserve 80 MMthual with using higher efficiency
fans.

The second factor in choosing a fan is a noiseottunhately, it is not always that the
quietest fan has a maximum efficiency. The valuthefventilator pressure recircula-
tion system usually is not more than 600-700 P#lodis within 5.5-11 n¥s is a

standard. The use of silencers creates additionalgms with the size and in most
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cases is not practical. In order to create predgautee dome additional fan or a fan of
the recirculating air heating can be used. Wherethleage air flow increases rapidly,
fan’s flow increases without increasing power canption. Overlapping of all leaks
pressure is created by a fan. It is desirable tmsé a fan with top limits of the pres-
sure for example 1000 Pa. In this case, there rsskaf rupture of the shell.

4.2.3 Cooling system

Cooling system in air supported structures is us®y in well insulated types of these
structures and allows using the sports facilityiyiall the year. Cooling usually is a
large air-cooled condensing units having efficiesaianging from EER = 10.0 to
EER = 9.6. This efficiency range is indicativecafrently available air-cooled units
available from all commercial cooling suppliers.

DUOL Company offers a good idea of how to suppl@or inside the building and

in the same time prevent vertical disparity in digribution of cold air. One of the
physic’s low state is that hot air rises up andi@f moves down. So it is more useful
to flow cold air under the top of the building.this case warm air will rise up and
will mix with cold air. Such distribution preventsegular temperature inside the
sports hall. Also occupants will not feel cold besa of mixing cold and warm air.

For this process DUOL made a special pipe withditleough which cold air flows.

In figure 7 process of supply cold air is shown.

Figure 7. Distribution the cold air by special DUOLs pipe /10/
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Amount of energy needed for cooling is calculatadhfer. We take outside tempera-
ture and cool it to 19C and then distribute it to the fan. Usually in famperature
rises on PC. So then temperature of supply air will be’C8 All values of energy

consumption for cooling are shown in APPENDIX 2.3.

In this chapter all ventilation processes was dieedr Further, some recommenda-

tions and advice of how to save energy will be give
4.3 Heat gain factors

There are a lot of factors affecting energy condionpf building. Some factors in-
fluence heat losses, while others heat loads. Desigas to put heat gain’s factors
into account to prevent producing extra energyoAitshelps to keep good thermal
indoor conditions. Solar radiation, number of oanig, lighting and heat gain from
electrical equipment are the factors affectingaghergy consumption. Value of solar
radiation is too small and difficult to calculata fir supports structure because there

is no window in such buildings. But let us look s#o on calculated heat gain factors.
4.3.1 Number of occupant

One of heat load factors is the number of occup&@sple are in the sport hall for
particularly in the daytime. Occupants generate Ywbach should be taken into ac-
count in calculations. However, there is a problsimmber of occupants varies. In
our case, maximum amount of people who can beersi@50. Indoor climate should
be design in such way to provide comfort condititorsas maximum people as it is
possible. At the same time, each person generatas,vand if the number of people
is increasing, consequently account of heat wiliease too. It can cause discomfort.
Therefore, it should be put into calculations teyant dissatisfaction of occupants. In
National Building Code of Finland D3, there areyd&s values for heat gains for
people for different types of buildings. For spdrél, this value is 200 W/person.
Further in calculations you will see that duringy&lar account of stored energy is

quite large.
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4.3.2 Lighting

Lighting also plays an important role in buildingieergy balance. There are different
types of lamps which provide visible inside. D2a$a “Buildings shall should be de-
signed and constructed in such a way that it isiptessto maintain such lighting con-
ditions in the occupied zone as it is necessaradbreving the level of visibility re-
quired by the tasks that should be performed dysargpds of occupancy so that en-

ergy will not be used unnecessarily” /2 p.11/.

There are some ideas of how to save energy wititig. For example, REHVA Eu-
ropean HVAC Journal gives some values. ” For lumn@sa energy-efficiency regula-
tions are fairly pointless as the energy use ofaraire is determined by the lighting
design and the way the product is deployed in gpdi@ation. When these products
are put into existing schemes, they can deliveresd&% improvement in energy effi-
ciency. All too often, however, they are put inem\sce in poorly designed and oper-
ated lighting installations, resulting in poor ligig conditions and wasted energy.
When lighting schemes are properly designed, theearred effectiveness of the light-
ing — in terms of both quality and quantity — caduce energy usage by up to 55%.”
/11/. Of course, it is extremely high values for sports facility, but at the same time
it shows that it is important to remember abouttiigg. It is one more point in energy

conservation strategy, which must be taken intoaet

There are some objectives for lighting in sportéshén each sport facility, there is
playing area and auxiliary area. These areas shauiltiminated. Lighting levels are
described in particular rules and requirementefiahds on the playing area, elevation
of the sports hall, elevation of lamps and typé.dfisually it is necessary to use
lamps for long periods of time and at the same pnoeide normal visibility for a

large area. And the main task is to keep low endsggand with high efficiency of
lighting system. In our sports hall system thairisviding illumination emits heat.

Heat load from this system is 15 Wf.m

To conclude, light impacts on the total energy deanfar the buildings because lamps

burn up heat.
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4.3.3 Electrical equipment

Another system, which has the most strong influemcleating demand of the sports
hall, is ventilation. In air supported structurentilation is used as heating system.
Despite the fact that heating by ventilation is Itlest engineering solution for the air
supported sports arena, this system requires faigly volume of electrical energy.
However, there is a side effect of this type oftimgasystem. Fan requires high value
of energy, but at the same time, it emits largewamwof heat inside. Volume of heat
gained from fan depends on SFP-factor. The spdaifipower is measured for the
ventilation systems efficiency. It is calculatedaasum of electrical power demand for
all fans of the ventilation system, divided witle thighest supply or exhaust air flow
rate. The SFP-factor is could be measured in kWiisjmFor ventilation systems with
constant air flow rate, this is a best way to déschow much electricity is required
for fans. In Finland, there are some guidelinesfmacific fan power in low energy
houses and passive houses. For such buildings &fét-has to be less than 2.0

kW/(m%s). In some countries, this value reduced to Wa(in%s).

To summarize all these factors, it is worth notingt each element of building affects
on energy consumption. If | want to calculate thtaltenergy demand for the sports

hall, I have to design initial data. In the nexapter, this task will be shown.
5 CALCULATION MODEL

Calculation of heat losses and heat gains is afisignt step in the design of heating
energy consumption of buildings. When heating epeomsumption is calculated it is
necessary to take into account the issue of ers&gyng. Heat loss can not be calcu-
lated without the data about heat transfer coeffits on surfaces, the calculated inter-

nal and external conditions.

There are different ways to select calculated \&afaethe thermal conductivi-
ty coefficients of building materials. The issuelvé selection of these coefficients is
extremely serious. For determining the heat los$éise building, it is necessary to

correctly estimate coefficients of heat transfer.
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Also, calculation of heat loads plays a key roleétermining the energy consumption

of buildings. So, it is one more way to save energy

Following chapter shows the calculations aboutg@neonsumption of the sports hall.

Calculations were made based on national buildotgs of Finland.

5.1 Heat losses

Heat losses according National Building Code ofdfid D3 defined as the sum of the
calculated heat loss through all envelopes andlagah system. Calculations of heat
losses can be divided on some parts. Firstly, €hawdefine outside and inside condi-
tions for making calculation related to heat logbesugh the shell and heat losses due
to infiltration. Then | have to determine ventitatisystem in order to calculate losses

due to this system.

5.1.1 Weather conditions

Coldest weather conditions within the heating pace described with calculations
of climatic parameters that are not absolute ex@ésefar the construction ardoint is
that these extremely cold conditions appear ve®lyalt occurs once during eve-

ry hundred years. If we focus on these valuesilitead to a significant increase in
the cost of construction. Therefore, the calculatdes are taken with the certain
probability. Outdoor temperature is the most sigatit parameter of the cold period
of the year to select heat-protective qualitiethefexternal barriers and determine the

power of heating system

In Finland, there are three areas for which sigaiit curves are done. These curves
describes how much time each temperature appeangdibe year. Figure 6 shows

these curves.
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Figure 8. Average outside temperature as a percerda for Helsinki, Jyvaskyla

and Rovaniemi.

In this thesis the curve for Jyvaskyla city is ubedause it is the nearest city to Mik-
keli. For example, temperature that is less thafG3usually occurs about 5 hours
per year. These curves help to calculate the @ifieg of temperature between outside
and inside air. Based on these temperature diffesehcan calculate quite exactly
heat losses and energy demand for building. In AHPIK 1, there are all values of

temperature given from the middle curve.

5.1.2 Heat losses through envelope

Heat goes from higher to lower temperature. Thegss of transferring heat from one
point in space to another due to the differenceptature is called heat transfer. It
consists of three basic types of heat transferdgction, convection and radiation. All
kinds of heat transfer take part in heat lossedratture. Conduction is a type of heat

transfer between the stationary particles solgiitl or gaseous substance. Thus,
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the thermal conductivity is the heat transfer bemvparticles or elements of the struc-
ture with indirectcontact with each other. Convection is the heatstex by mov-

ing particles in substance. Convection observegioniquid and gaseous phase. Ra-
diation is the heat transfer from the surface tfese by electromagnetic waves trans-

forming into heat.

All of these types of heat transfer take part grhal conductivity of structures. In
heat losses calculations, the following initialadttat is represented in table 3 is need-
ed at least. Areas in this table were calculatethfividual formulas, and tempera-
tures are taken from National Building Codes amsigieng decisions considering in
chapter 3.

Table 3. Initial data for heat losses calculations

Envelope area 17584 m?
Floor area 11957 m?
Inside temperature 18 °C
Ground temperature 5°C

Also, U-values related with initial data. U-valuketlee shell in our air supported struc-
ture given by manufactory. In this thesis work thtgpes of shell are examined and
then all needed calculation are done. Soil tempezas taken from research note of
agriculture research center of Finland: “The meamual soil temperature measured at
50 cm below the soil surface, ranged from %4t the warmest site to 19 at the

coldest one. "/12/.

U-value of the floor can be calculated if the stmwe of it is determined. On figure 9

the structure of the floor is shown with U-valuédsach material.
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Figure 9. Structure of the floor with dimensions ad U-values

Thermal resistance @/W) is calculated using the equation /1/
Ri=Ri+tRi+ R+ ... + R+ Ree (1)

and thermal resistance of the material layer isutated by equation /2/

R=" (2)
A
where
g is the thickness of material, m
A is heat conductivity of material, W/mK
R is the total thermal resistance?AnV
Rsi;Rse is the internal and external thermal resistan@&/W
R, R, ..., R is the thermal resistance of each materiaK/iv.

Thermal resistance of each material can be catmlifabm the equation 2 and total

thermal resistance of the floor from the equation 1

Table 4. Thermal resistance of the floor



Material d,m A, WImK R, nfK/W
Rubber 0,01 0,13 0,08
Insulation 0,2 0,045 4,44
Concrete 0,15 1,2 0,125
Sand 0,5 1,4 0,36
Internal surface - - 0,13
Total 5,105

Heat transfer coefficient of the construction ikcakated by equation /3/

U=+
Rt
where
U is U-value, W/rfK.

When the Rof the floor is 5,1 fK/W, U-value is 0,196 W/AK.

Heat losses (W) through the envelope are /4/

E=U-A-At
where
E is heat losses through the envelope, W
U is U-value of building envelope, W
A is the area of building envelope?m
At is the temperature difference between indoorarndoor, K.

Energy losses (Wh) can be calculated using thetequ&/

Q=E-At=U-A-At-AT

23
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(4)

(5)
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where
Q is energy losses, Wh
At Is time period when temperature difference is cmsth.

Formula 4 allows calculating energy losses thrainghshell and floor. In APPENDIX
2, there is a table in which all values of energgndnd for the sports hall are calculat-
ed. Here, | would like to put only first line as example. If U-value of a single mem-
brane shell is 2,37 WHi{, then heat losses through the floor are

Q= 2,37 W/niK -17584m-52°C-5h=10835kWh= 10,84 MWh

As well, in the same way | can calculate heat lesssough the floor. U-value of the
floor is 0,2 W/niK as it was calculated earlier. Floor area is 11867Temperature
difference is 1%C (ground temperature €&, inside temperature +£8). Heat losses
through the floor are/t=5h)

Q=0,196 W/MK -11957 m-13C -5h=152,3 kWh = 0,20 MWh.

Total heat losses through the envelope and the fith outdoor temperature -3¢
are 11 MWh. Energy losses with other temperatuferénces are calculated in the

same way.
5.1.3 Heat losses by air leakage

Air leakage also called infiltration (penetratioihonitside air into the building) de-
scribes the amount of air flowing through the bmidgdenvelope, usually presented in
I/s or n¥/h.

Tightness of the building envelope is describedhait leakage rate. Infiltration can
cause many different problems. For example, draaghtoisture and heat losses by
warm room air with high vapor content penetrattheoconstruction. For energy effi-

cient buildings, heat losses play a pivotal rolétlvEmall infiltration value buildings
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have lower energy consumption. Except the benefitsiving energy, air tightness

reduces problems with draught and moisture risks.

However, in our case firstly | have to think abeoergy losses related with air leak-
ages. In National Building Code of Finland, there guidelines on how to calculate

air leakage. Energy losses (Wh) with infiltratiecalculated using the equation /6/

Qint= P G Qrras (t-t) - AT (6)
where
Qinf is the energy losses by leakage air, Wh
P is the density of air, 1,2 kgfn
Co isthe specific heat capacity of air, 1 kJ/kg-K
Qv.la is leakage air flow rate, #s
(ti-ty) Is the temperature difference between insidecatside, K
At Is the time period lenght, h.

According to D5 leakage air flow rate {fn) is calculated using the equation /7/

_ UOso
=G0 7
qv.l.a. 36OCD< ( )
where
Oso is leak air coefficient of building envelope?fm nf
X Is storey coefficient
A is the area of envelopem
3600 is transmittance coefficient.

Leakage air coefficient, (m*/h) is
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n
Oso = % v (8)

where

Nso is tightness of the building with pressure diffese®0 Pa, 1/h

A is the area of building envelope?m

V is volume of the building, fh

For tight envelope structures according Nationdld#ug Code of Finland, 43 is in

range 0,5-1,5. Ifsis 1Yy, leakage air coefficiengs, is

O = "0 (V=1 [191980-1092 mh- nf
TTA 1758

and leakage air flow rate is

Oso A= 1092

\ 17584 152m°/s.
3600k  360(3B5

C]v.l.a. =

Consequently energy consumption by leakage aal@itated using the formula 5.
For example for temperatures less than°@4nergy demand calculated in a such

way:

Qunr= 1,2 kg/m- 1 kJ/kgK - 1,52 fits -[18-(-34)PC -5h=474,2 kWh =0,47 MWh

Other values for energy losses by leak air areginéAPPENDIX 2.

5.1.4 Heat losses by ventilation

Ventilation is needed to achieve an acceptableando quality and prevent air pollu-
tion and any health hazards in buildings. In maases, ventilation is also used for
heating and cooling. There are different ways tatilege inside area. Ventilation can

be natural and mechanical. Mechanical ventilatiystesn is better because it can have
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the function of providing supply air. Air is cleahand filtered from dust and other

pollen or spores. People with allergies prefer tfje of ventilation.

In our case according to National Building Codé-miland D2 outdoor air flow has to

be 6 I/s per person. It means that in our caseooutair flow (q) is
ov= 6 I/s -650=3900 I/s =3,9%s

But the amount of outdoor air floor is not enoughlérge sport facility. Consequent-
ly I will use recirculation air. Also, there arerse requirements for recirculation air:
“Only air that is from rooms with equal or bettér deanliness and that does not con-
tain harmful quantities of impurities may be re-aiss recirculation air or transferred
air. The use of recirculation air or transferredsdiall not cause harmful distribution

of impurities, and odours in particular’/2 p.17/

Moreover, some part of the energy is wasted omagation air. Amount of outdoor

air flow is 20% of the all air flow rate. It meatist the amount of recirculation air

(Qu.ra) is

om3/s
qv.r.a.: 3’
0,2

-39m3/s=156 m°/s

National Building Code of Finland D3 gives formufas calculation energy losses
(kWh) caused by ventilation

Qsa=P "G Qrsa: (fst) -tatw AT 9)
where
Qs.a. is energy consumption by ventilation, kWh
P is the density of air, 1,2 kgfm
Co isthe specific heat capacity of air, 1 kJ/kg-K

Qvs.a is outdoor air flow, s
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teti is the temperature difference between supplieaiperature and inside

air temperature, K.

ty Is the ratio of duration per day, h/24h
tw is the ratio of duration per week, day/7 days
At Is the time period lenght, h.

Supply air temperature depends on outside conditia, when outside temperature
is less than 19C it should be heated. But when the outside tentperas over than
17°C we have to cool supply air to the temperatureitheequired for the sports hall.

Cooling system will be mentioned in the next chapte

Total energy consumption on heat losses calcukerisum of energy demands on
each factor: conduction, leakage air and ventitatio APPENDIX 2 shown total en-
ergy consumption needed on heat losses per oneHyeairloads particularly signifi-
cant part of energy demand of the building as amedl it has to be included in calcula-

tions. This process is shown in the next chapter.
5.2 Heat loads

The difference of heat generation and heat lossesllied the extra heat of the room in
the case when the difference is positive. The iiiffee between heat genera-

tion and heat losses is called heat deficiencigssfnegative. Heat load mainly con-
sist from the solar radiation, lighting, heatingt®ms, electrical equipment, people

and other sources of heat (hot food, hot surfates,

In 2000, the Department of Heating and VentilaimiMoscow determined the energy
consumption of buildings. The scientists wanteddmpare heat loads and heat losses
of buildings. The calculations were determined lyz@ts from solar radiation, people,
equipment, and heat in the monthly average temerand mean seasonal wind
speed directed on broad facade of the building.rékelts of these calculations are

shown in figure 10
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Figure 10. Comparison of heat loads and heat lossds3/

This comparison is given for educational buildingwguite large area of glass mate-
rial. Reader can notice that amount of gains pentfths is about 20 % included the
solar radiation. In air supported structures, tle@eeno windows. Nevertheless, heat
loads should be put into the calculations of enexaysumption. According to the
National Building Code of Finland D3 heat loadsnrdifferent factors are represent-
ed in table 5.

Table 5. Standard for calculation internal heat loas from different factors in

different types of building /14/

Period of use i
Type of Degree | Lighting, eEI;Ctr:Z?\lt Persons,
building of use W/m? quip > W/m?
h/24h d/7d W/m
Sports hall 14 7 0,58 15 0 5

In the following chapter, these calculations amspnted.
5.2.1 Heat gain from lighting
For light industrial buildings three types of ligig are used such as natural, artificial

and mixed illumination. Mixed light is common forast types of room. Mixed light

means a combination of artificial and natural liggt In case of air supported struc-
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ture PVC-membrane transmit only a part of natugditlbut at the same time normal
level of lighting has to be ensured. It means lastpsuld be used to add deficiency of
light in sports hall. The number of lamps for ligigt detected based on space dimen-

sions and purpose.

According to the table 5 heat load from lightind.&W/nf. Formula /10/ shows how
to calculate heat gain from lighting. In D3, theseegulation for functional time of
sport facilities. Amount of using time is 14 hou@onsequently amount of generated

energy (kwh) is:

Qsa=R-A-tg-ty AT (10)
where
Qs.a. is the energy generated by lighting, Wh
P is heat generated from lighting, W/m
A is the area of the sports hall®m
tq is the ratio of duration per day, h/24h
tw is the ratio of duration per week, day/7 days

In APPENDIX 2 values of generated energy are given.
At the same time while our air dome is working thare occupants inside. And each

of them is generating heat and moisture. Amountisfenergy is calculated further.

5.2.2 Heat gain from occupants

The human body generates heat. The amount of éleased by a person depends on
the thermal conditions and the nature of its watke heat is occurred mainly from
the body surface by convection, radiation and exatpm. In table 4, there are values
of heat generated from the human body. These vahssge depends on activity of
people in different types of building. D3 giveswel5 W/nf for sports hall. It means
that the amount of energy generated (kWh) fromhtimean body is calculated using
the equation /11/
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Qs.a=Ph-A-tg-ty AT (11)
where
Qs.a. is the energy generated from the persons
Pn is heat generated from people, V¥/m
A is the area of the sports hall®m
ty Is the ratio of dwelling per day, h/24h
tw is the ratio of dwelling per week, day/7 days
At Is time period, h.

In APPENDIX 2 values of energy generated by occtgpenshown.

5.2.3 Heat gain from electrical equipment

In our sports hall, electrical equipment considyaf lighting and fans that supply
and recirculate air. Heat gain from lighting wasaéed earlier. Heat load from elec-
trical equipment for standard sports halls is zaoording the Finland National Build-
ing Code D3. But the sports hall is representedibgupported structure, and there is
equipment inside the building. This equipment difeerent fan, which needs energy

for ensure pressure and air exchange.

As | state earlier, heat from equipment dependSkER-number. SFP-number usually
is tried to reduce because it is cheaper to heeattesyith air or water and surely it is
much better for control heat demand. That is wisigteers use small SFP-number. In
Finland value has to be not bigger than 2,5 kW/gnlIf there is only one fan in the
sports hall, SFP-number is 1 kW/{s).

All power that fans take from the grid convertgtie heat that is gained inside the air

dome. To calculate heat load | have to know SFPbaiirand amount of air that goes

through fans. The formula is

Qan=SFP-q At (12)
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where

Qfan Is heat gain from electrical equipment, kWh
SFP is SFP-number of fan, kW/{ts)

Ov is air flow through fans, ffs

At is time period, h.

Total amount of gained energy is shown in APPENRIX

5.3 Energy consumption for cooling

For the sports hall, cooling is necessary, wherotlidoor temperature exceeds the 18
°C. It is explained by the fact: while the temperatis above 18C there are no leak-
ages of warm air. In this case, heat conduct thrdhg shell increase inside tempera-
ture. In this chapter, | will write only about taenount of energy required for cooling.

Principles and equipment have been written already.

Amount of energy consumption for cooling dependsaoling system and its effi-
ciency. This amount is possible to calculate basimgalues of heat load and U-
values, envelope area and outside conditions. Tthigevalue we have to assume
values of affecting factors:

QcoomQee - Qer + Qotload (13)
where
Qcool is cooling demand, MWh
Qce is energy demand through the shell, MWh
Qct Is energy demand through the floor, MWh
Quotioad is energy of heat loads, MWh.

When the outside temperature is above th&Cl$eat goes from outside to inside
according to thermodynamic low. However, groundsdoat heat much during the

summer time that is why there are heat losses girthe floor and heat loads through
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the shell. Amount of cooling demand is very difficio calculate, because there are
many factors affecting on heat load. As | saidieeadumber of occupants and solar
radiation affects on heat gain. It is the mosticlifit factors which have to be put into
account. To provide normal indoor temperatures rieécessary to know heat load from
occupants and solar radiation in any time. The mddtult is to calculate solar radia-
tion heat load for building especially for air sopjed structure, because in such type
there is no window. Therefore, cooling will be usedy for triple membrane layer
because with this type of envelope solar radiagibect will be not so big. The results
are shown in APPENDIX 3.3 and 4.3.

6 RECCOMENDATIONS FOR SAVING ENERGY

Nowadays all European counties are following thia p& minimizing energy con-
sumption by buildings. There are individual progsafior each country with a specific
ways of managing this and a deadline of transféneémext lower-level of consump-
tion. According to the nowadays this technical ioy@ment should take a lot of time,
in spite of it first steps already done. For ins@ra lot of countries are using or start
to use recovered energy. Majority of the countniegle a long-time track with de-
tailed targets. Adhering to this way many countndstry to reduce primary energy
consumption as much as possible. However yeaptbgram should be done until
2020./15/.

In this chapter different opportunities of savimgergy are described and analyzed for
the air supported sports hall. These methods carsé@ for a new or existing air
domes. It is possible to conserve energy by reduenergy demand of different sys-
tems, such as lighting, heating or cooling. Anothiay of managing this is to improve
insulation or to use night setback. In the follogvchapter | will look closer to those

methods.

6.1 Insulation

Earlier different types of shell with different Lalues were considered. In order to get

the best values for heat losses through the enedhaptriple membrane is the best

option. In comparison with other membranes, tripembrane has better U-value. So
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in a way of energy conservation it is better to meee insulated envelope, in spite of
higher price. In APPENDIX 3.1, 3.2, 3.3 energy dedwmwith different membranes
are shown. But besides the high cost of the tnpéenbrane more energy will be uti-
lized on lighting. The more thick is the shell ism opaque it becomes. Consequently

more lighting energy is required.

6.2 Heating and cooling

Energy consumption of the heating takes the mgjofithe wasted energy, because
the sports hall will be situates in a such climatlkere the amount of heating hours
are about 80-90 % through the whole year. It issghon the figure 7. Different types
of heating systems can be used in the air suppsttedtures and each of them has a
different operating costs and investments. In @sed decide to use condensing heat-
ing unit with high thermal efficiency, cause thisitthas got not very high operating
costs and first costs.

Other types of ventilation heating with better @fncy can be considered, but it will
take much more investments. For example, highieffay boiler system will work

with hot water coils instead of a gas furnace. Alsbwater can be taken from district
heating and this can reduce operation cost. Anahersystem is heat pump. This
equipment has many advantages, but very big forst &s well heat pump is using
ground sources it can provide cooling of the baddivhich means that it's applicable
for insulated air supported structures. But thgybs disadvantages of this system are

high installation price and maintain costs.

Different cooling systems can be possible as vrelthapter 4 | discussed about outlet
unit only, but energy demand of the cooling wilpdads on type of the system most-
ly. Energy efficient condenser unit and evaporativeled condenser units applicable
for cooling air domes. For saving energy with tingtfone we can increase its effi-
ciency and as a result we’ll get cost savings. Brap/e cooled condensing units

have better efficiency than condenser unit anddbispment has integral supply fans.

6.3 Night setback
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During the occupied and unoccupied time period mbtemperature in the sport hall
is 18°C. Usage of a night setback can reduce energy demeeded for heating and
ventilation. Unoccupied time period is 10 hours g&y. Progress doesn’t stop and
now there are special systems which can controbaist space temperatures manu-

ally and can switch off the heating.

DUOL Company is famous for their control systemstithose systems you can
check and manage the ventilation processes inlgptop or mobile phone, using the
internet or GSM network. The amount of setbackadgpend on many factors. It gives

possibility to turn down temperatures while spdatslity is not using.

Different manufacturers recommend different setb&dme of them consider that

turning the heat off at night helps to save muatrgy, but in Finnish climate it is not
helpful for the envelopes and internal surfacélieve that 8C is good temperature
for unoccupied time period. Remember, that recotiergs are quite short: about 30-

45 minutes, because of the capacity of the makewmds and large air flows.

In APPENDIX 4.1, 4.2, 4.3 is shown energy consunmptieeded for air supported
sports hall during the all year around with usimghhsetback. These tables are given
for sports hall with different types of shell. by compare these values with values in
APPENDIX 3.1, 3.2, 3.3 you will notice how much egeconsumption depends on
night setback.

6.4 Weekdays setting

Generally official games happen on the weekendthdse days amount of occupants
inside the facility is maximum, but on the weekdayshe sports halls usually train-
ings are taking place. During these days amouantofipants significantly reduced
due to the absence of spectators and press. Thetbfye is no point to supply max-
imum amount of outdoor air, because it is reasantbsave energy and money. Con-
sequently it is necessary to reduce supply aiséng energy. But firstly, | have to
calculate amount of persons during the weekdaysalysduring the training days
there are not more than 100 sportsmen. But ataime sime amount of heat gains

from people is reduced too.
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Using the formulas and equations from chaptercaldulated required volume of
supply air and heat load from people for weekdalgemamount of occupants is much
lower. Other components will be not changed, butilaion strongly effects on ener-
gy consumption. Also amount of weekdays is muclgé&ighan weekends. It means

that by these settings, amount of energy demandeaignificantly reduced.

Calculations are represented in APPENDIX 5.1, 5.2, Using next table you can

compare how this setting will effect on energy aonption

7 DISCUSSION OF THE RESULTS

There are some requirements for energy efficiencypdildings. To design energy
efficient building, it is necessary to determine thuilding type according to its pur-
pose. Then based on it, | determined the indooratk factors affecting total energy
consumption. Annual energy consumption is calcdl&be facility with different

types of the envelope. Many factors have influesrcéhe final results, such as type of

envelope and, air-tightness of envelope, ventiteéind heat gain factors.

In my thesis all of these factors are consideretliaas a result, made the following
tables, which represent how each factor effectronual energy demand. Analyzing
these tables, | can state that better energy efiigi and low period of simple payback
we can achieve with using a combination of eneaservation strategy. Calcula-
tions have been done for three different typesiefenvelope and four types of set-

tings. In table 6 the main results of the calcolatiare shown:

Table 6. Energy consumption for different envelopeand settings

Annual en- Annual en- Annual en-
Simpl - - - -
Type of air 'mple annu erey cgn erey cc_)n erey cc_)n Annual cool-
al energy sumption sumption sumption .
supported . ) . . ) ing demand,
consumption, | using night | without oc- | using week-
structure . MWh
MWh setback, cupants, days setting,
MWh MWh MWh
Single layer 5826 5719 2907 5589 0
envelope
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Double
layer 4310 4207 2166 4038 0
envelope
2l e 2902 2799 1491 2626 142
envelope

Firstly, I've calculated energy demand for the spdwall without any energy conser-
vation strategies. It means ventilation, heating leghting systems operate perma-
nently (24 hours per day). In table 5, annual epnecjnsumption for different enve-
lopes is presentethteresting fact is that energy demand with trilalger membrane

is half of energy demand with single-layer membrane

Secondly, I've calculated energy consumption invilag that about ten hours per day
there are no occupants inside the sports hall. &pretly, it is not effective to use all
equipment during all day. Therefore, value of opetane have been reduced. Light-
ing doesn’t work without occupants and ventilatk@eps the temperature on such a
level to prevent freezing in the winter time. Asliwamount of annual energy demand
was decreased. Comparing first and the second eoliiins obvious that night set-

back is superiorly to use.

The third column of table 5 shows how much energgted on supporting the struc-
ture and conserving the correct temperature dahagold season. In this case, there
is no light and occupants in the sports hall. Antaifrsupply air is very small. In this
case, the amount of supply air equal with the arotileakage air. It is clear, that

this column has the smallest energy demand.

The fourth column is the most useful in my opinitirwas calculated for weekdays
when amount of occupants is less than 650. In tzlons, two energy conservation
strategies were combined: night setback and sdtimgeekdays. In this case, there is

optimal energy usage.

In addition in the fifth column, there is amountesfergy needed for cooling. The
cooling energy was calculated only for air domehwiitree-layer’s envelope, because

it is not effective to use cooling for other typgenvelope.
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In this table there are results of all calculatiamgch have been done in this thesis.
By this table, easy to compare how each of thifaceffect on energy consumption
According by calculations it is possible to chotise suitable settings and envelope.

8 CONCLUSION

The point of designing HVAC systems by engineets isnsure functional ventilation
and heating systems with the less energy consumpajority of countries have
achieved the first part, but the second is whal @h¢hem are trying to aspire. For
design buildings guidelines and requirements aee.us changes every time, because
of the new materials and new lows provided by theegnment for better energy con-
servation. For example in Finland, these guidelaresrepresented by National Build-
ing Codes D3 and D5. According to these regulatands guidelines most of the cal-

culations in my thesis have been done.

One of the aims of the thesis is to compare diffetgpes of envelope. According the
results of the calculations, which is representetble 5 | can state that triple mem-
brane has the best efficiency with using night aeitkand setting for weekdays. Man-
ufactures have to pay attention on this type emeeloith those settings. As you can
see in table 5 the envelope plays a key role inggneonservation strategy for the
domes. Basically shell strongly effects on energystimption, but other strategies
should be used for saving energy: configure of afp@n time and different kinds of

equipment.

In this thesis there are recommendations for sagmmeggy. These tips can help manu-
factures and owners to reduce amount of heatingggrm®nsumption. Using energy
effective envelope and equipment it is possiblgatee significant amount of energy

without missing of comfort and reduce such big amiai wasted energy.



39

BIBLIOGRAPHY

1.

Official website of The Fédération InternationaéeFbotball Association
(FIFA). FIFA Fédération Internationale de Footkdsociation. WWW docu-
ment.http://www.fifa.com/mm/document/tournament/gatition/football _stad
iums_technical_recommendations_and_requirement82éd.pdf.2011.
Refered 19.09.2011.

The National Building Code of Finland part D2. “bat climate and ventila-
tion of building”. Ministry of the Finland Environemt. 2003.

3. Russian building codg1-112-2004. “Physical training and sport halls”.
4. ASHRAE Standard 55-2004. Thermal environmental @@t for human

5.

occupancy. American society of heatnefrigerating and air-conditioning
engineers.

Bruckner, H. Ressourceneffizientes Bauen -rAdtve Baustoffe. Vienna Uni-

versity of Technology, Institute of Building Consttion and Technology.2006.

6.

Katharina Thullne. Low-energy buildings in Europgtandards, criteria and
consequences. A study of nine European countniggls universitet. 2010.

DUOL. High profitability and adaptability of operat in various climatic con-
ditions. WWW documentwww.duol.eu/download.html. 2011. Referred
08.10.2011.

Official website ofOOO "Cdepa" company. Air supported structure. WWW

document. www.sfera.com.ru/vos_rasschet.html. pbate information. Re-
ferred 10.2011.

Official website ofOOO "Vector" company. Inflatables. WWW document.
http://www.vector-in.com/rus/fundament.html. Nodape information. Re-
ferred 10.2011.

10. Official website of The DUOL company. Air managermddUOL.WWW doc-

ument. http://www.duol.eu/duol_technology 39/air namgment_50.html .
2011. Referred 10.2011.

11.Dieter Schornick. Energy saving potentials in liggt REHVA .Volume 48.

Issue 1. 2011. p.27.

12. Agriculture Research Center of Finland. Soil terapge regimes in Finland.

Finland.1998.

13.Manssuna E.I'. Termorexunueckuii pacuer. CripaBounoe nmocooue. ABOK-

ITPECC. Moscow. 2007.



40

14.National Building Code of Finland part D3. Ministoy the Environment. “En-
ergy efficiency in buildings”.

15. Jarek Kurnitski, Francis Allard. How to define nigaret zero energy buildings.
REHVA. 48. 3. 2011. p.6.



APPENDIX 1.

Time period Time in Time Time in
hours period hours
Temperature, | of the year, | per 1year | Temperature, | of the year, | per 1 year
C % C %

-34 0,057 5 -3 26,290 296
-33 0,080 2 -2 29,100 246
-32 0,091 1 -1 32,930 336
-31 0,171 7 0 38,180 460
-30 0,263 8 1 45,470 639
-29 0,377 10 2 50,210 415
-28 0,548 15 3 54,030 335
-27 0,753 18 4 56,950 256
-26 0,902 13 5 59,390 214
-25 1,210 27 6 62,070 235
-24 1,553 30 7 63,950 165
-23 1,975 37 8 65,960 176
-22 2,432 40 9 68,370 211
-21 2,911 42 10 70,880 220
-20 3,368 40 11 73,740 251
-19 3,984 54 12 76,390 232
-18 4,749 67 13 79,260 251
-17 5,731 86 14 82,740 305
-16 6,963 108 15 85,790 267
-15 7,740 68 16 88,690 254
-14 8,402 58 17 91,070 208
-13 9,064 58 18 93,240 190
-12 9,680 54 19 94,900 145
-11 10,450 67 20 96,350 127
-10 11,950 131 21 97,520 102
-9 13,320 120 22 98,390 76
-8 14,510 104 23 99,000 53
-7 15,960 127 24 99,350 31
-6 17,710 153 25 99,690 30
-5 19,900 192 26 99,860 15
-4 22,910 264 27 99,950

-3 26,290 296 28 100,000




APPENDIX 2.1(1).

U-value 2,37 qv, m3/s 3,9
Envelope area, m2 17584 qv, m3/h | 14040
Floor area, m2 11957 SFP 2
Inside Temp, C 18 qv, m3/s 19,5
Working time, h/24h 0,58
Light heatload, W/m?2 12
Number of occupants 650
Occupant, W/person 200
Ground temp, C 1
Floor U-value 0,2
Volume, m3 191980
gv leakage m3/s 1,52
Temper Qv.s. Qpeo Qtot(with
ature,C Time | Qce, Qcf, a., Qv.r.a. | Qleak, | Qtotlos | Qlight, | Qfan, | ple, Qtotload, | people),
.h MWh MWh | MWh | , MWh | MWh | t, MWh | MWh | MWh | MWh | MWh MWh
-34 5 10,82 | 0,20 | 1,22 0,28 0,47 12,99 0,42 | 0,19 0,17 0,78
-33 2 4,28 | 0,08 | 0,48 0,11 0,19 5,15 0,17 | 0,08 0,07 0,32
-32 1 2,01 | 0,04| 0,23 0,05 0,09 2,41 0,08 | 0,04 0,03 0,15
-31 7 14,31 | 0,28 | 1,61 0,39 0,63 17,22 0,58 | 0,27 0,24 1,10
-30 8 16,12 | 0,33 1,81 0,45 0,71 19,42 0,67 | 0,31 0,28 1,26
-29 10 19,56 | 0,41 | 2,20 0,56 0,86 23,58 0,83 | 0,39 0,35 1,57
-28 15 28,72 | 0,61 | 3,22 0,84 1,26 34,65 1,25 | 0,58 0,52 2,35
-27 18 33,68 | 0,73 | 3,78 1,01 1,47 40,67 1,49 | 0,70 0,62 2,82
-26 13 2393 | 0,53 | 2,69 0,73 1,05 28,93 1,09 | 0,51 0,45 2,05
-25 27 48,35 1,10 | 5,43 1,52 2,12 58,51 2,25 1,05 0,94 4,23
-24 30 52,59 1,22 | 5,91 1,69 2,30 63,71 2,50 | 1,17 1,04 4,71
-23 37 63,16 | 1,50 | 7,09 2,08 2,76 76,60 3,08 | 1,44 1,28 5,80
-22 40 66,73 1,63 | 7,49 2,25 2,92 81,02 3,33 1,56 1,39 6,28
221 42 68,20 | 1,71 | 7,66 2,36 2,98 82,90 349 | 1,64 1,45 6,58
-20 40 63,40 | 1,63 | 7,12 2,25 2,77 77,17 3,33 1,56 1,39 6,28
-19 54 83,21 | 2,19 | 9,34 3,03 3,64 | 101,42 4,49 | 2,10 1,87 8,47
-18 67 100,54 | 2,72 | 11,29 3,76 4,40 | 122,72 558 | 2,61 2,32 10,51
-17 86 125,47 | 3,50 | 14,09 4,83 5,49 | 153,38 7,16 | 3,35 2,98 13,50
-16 108 | 152,92 | 4,39 | 17,17 6,06 6,69 | 187,23 8,98 | 4,21 3,74 16,93
-15 68 93,61 | 2,77 | 10,51 3,82 4,10 | 114,80 566 | 2,65 2,36 10,68
-14 58 77,34 | 2,36 | 8,68 3,26 3,38 95,02 4,83 | 2,26 2,01 9,10
-13 58 7492 | 2,36 | 8,41 3,26 3,28 92,23 4,83 | 2,26 2,01 9,10
-12 54 67,46 | 2,19 | 7,58 3,03 2,95 83,22 4,49 | 2,10 1,87 8,47
-11 67 81,52 | 2,74 | 9,15 3,79 3,57 | 100,77 561 | 2,63 2,34 10,58
-10 131 | 153,33 | 5,34 | 17,22 7,38 6,71 | 189,98 | 10,94 | 5,12 4,56 20,62
-9 120 | 135,04 | 4,88 | 15,16 6,74 591 | 167,73 9,99 | 4,68 4,16 18,83
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-8 104 |112,95| 4,24 |12,68| 585| 4,94 | 140,67 | 8,68 | 4,07 | 3,61 16,36
-7 127 | 132,34 | 5,16| 14,8 | 7,13| 579 | 16529 | 10,57 | 4,95| 4,40 19,93
-6 153 | 153,33 | 6,23 |17,22| 861| 6,71 | 192,10 | 12,76 | 598 | 5,32 24,05
-5 192 | 183,88 | 7,80 |20,65| 10,77 | 8,05| 231,15| 1597 | 7,48 | 6,65 30,10
-4 264 | 241,75 | 10,72 | 27,15 | 14,81 | 10,58 | 305,00 | 21,94 | 10,28 | 9,14 41,37
-3 296 | 259,12 | 12,04 | 29,10 | 16,63 | 11,34 | 328,23 | 24,64 | 11,55 | 10,27 46,46
-2 246 | 205,17 | 10,01 | 23,04 | 13,82 | 8,98 | 261,02 | 20,49 | 9,60 | 854 38,62
-1 336 | 265,66 | 13,64 | 29,83 | 18,84 | 11,63 | 339,60 | 27,92 | 13,08 | 11,63 52,64
0 460 | 344,99 | 18,70 | 38,74 | 25,83 | 15,10 | 443,35 | 38,27 | 17,94 | 15,95 72,16
1 639 | 452,42 | 2596 | 50,81 | 35,86 | 19,80 | 584,86 | 53,15 | 24,91 | 22,14 | 100,19
2 415 | 276,87 | 16,88 | 31,09 | 23,32 | 12,12 | 360,27 | 34,56 | 16,19 | 14,40 65,15
3 335 | 209,18 | 13,60 | 23,49 | 18,79 | 9,16 | 274,23 | 27,85 | 13,05 | 11,60 52,50
4 256 | 149,24 | 10,40 | 16,76 | 14,37 | 6,53 | 197,29 | 21,29 | 9,98 | 8,87 40,13
5 214 | 11580 | 8,69 |13,00| 12,00| 5,07 | 154,56 | 17,79 | 8,34 | 7,41 33,54
6 235 | 117,40 | 9,54 | 13,18 | 13,18 | 5,14 | 15846 | 19,54 | 9,16 | 8,14 36,83
7 165 | 75,550 | 6,70 | 848 | 9,25| 3,30 | 103,22 | 13,71 | 6,42 | 5,71 25,84
8 176 | 73,38 | 7,16| 824 | 9,89 | 3,21 | 101,88 | 14,65| 687 | 6,11 27,63
9 211 | 79,18 | 8,58 | 8,89 | 11,86 | 3,47 | 111,98 | 17,57 | 8,23 | 7,32 33,12
10 220 | 73,31 | 894 | 823| 12,35| 3,21 | 106,03 | 1830 | 8,58 | 7,62 34,50
11 251 | 73,09|10,19 | 821 | 14,07 | 3,20| 108,75| 20,85 | 9,77 | 8,69 39,31
12 232 | 58,05 | 9,44 | 652 | 13,04| 254| 8958 | 19,32 | 9,05| 8,05 36,42
13 251 | 52,39 |10,22 | 588 | 14,12| 2,29| 8490| 2092 | 9,81 | 872 39,45
14 305 | 50,82|1239| 571| 17,12| 2,22| 8826 2537|1189 | 10,57 47,83
15 267 | 33,40 | 10,22 | 3,75| 1500| 1,46| 63,84 | 22,23 |1042| 9,26 41,92
16 254 | 21,17 | 9,72 | 2,38 | 14,27 | 093 | 4847 | 21,14| 991 | 881 39,86
17 208 869 | 798| 098| 11,71| 0,38| 29,73 | 17,35| 813 | 7,23 32,71
18 190 0,00 7,27| 000| 1068| 000| 1795| 1582 | 7,41 | 6,59 29,82
19 145 0,00| 556| 000| 817| 000| 13,73 | 12,10| 5,67 | 5,04 22,82
20 127 0,00| 486 | 000| 7,13| 000| 11,99 | 10,57 | 4,95 | 4,40 19,93
21 102 0,00 3,92| 000| 576| 0,00 968 | 853| 4,00]| 3,55 16,08
22 76 0,00 2,92| 000| 4,28| 0,00 720| 6,34 2,97| 2,64 11,96
23 53 0,00 | 2,04| 000| 3,00| 0,00 505| 4,45| 2,08| 1,85 8,38
24 31 0,00| 1,17 | 0,00| 1,72| 0,00 2,89 | 2,55| 1,20| 1,06 4,81
25 30 0,00| 1,14| 000| 1,67| 0,00 2,81 | 248| 1,16 | 1,03 4,67
26 15 0,00 | 0,557| 000| 084| 0,00 1,41 | 1,24| 0,58 | 0,52 2,34
27 8 0,00 | 0,30| 0,00| 044| 0,00 0,74 | 0,66 | 031| 0,27 1,24
28 4 0,00| 0,17| 0,00| 025| 0,00 041| 036 017 | 0,15 0,69




APPENDIX 2.2(1).

U-value 1,7 qv, m3/s 3,9
Envelope area, m2 17584 qv, m3/h | 14040
Floor area, m2 11957 SFP 2
Inside Temp, C 18 qv, m3/s 19,5
Working time, h/24h 0,58
Light heatload, W/m?2 12
Number of occupants 650
Occupant, W/person 200
Ground temp, C 1
Floor U-value 0,2
Volume, m3 191980
gv leakage m3/s 1,52
Qtot(wit
::trzrpee Time Qce, Qcf, | Qv.s.a., | Qv.r.a., | Qleak, | Qtotlost, | Qlight, | Qfan, C;T:o th:jtloa h
! h MWh MWh MWh MWh MWh MWh MWh | MWh ! ! people),
C MWh MWh
MWh
-34 5 7,76 0,20 1,22 0,28 0,47 9,93 0,42 | 0,19 0,17 0,78
-33 2 3,07 0,08 0,48 0,11 0,19 3,94 0,17 | 0,08 0,07 0,32
-32 1 1,44 0,04 0,23 0,05 0,09 1,85 0,08 | 0,04 0,03 0,15
-31 7 10,26 0,28 1,61 0,39 0,63 13,18 0,58 | 0,27 0,24 1,10
-30 8 11,56 0,33 1,81 0,45 0,71 14,86 0,67 | 0,31 0,28 1,26
-29 10 14,03 0,41 2,20 0,56 0,86 18,05 0,83 | 0,39 0,35 1,57
-28 15 20,60 0,61 3,22 0,84 1,26 26,53 1,25 | 0,58 0,52 2,35
-27 18 24,16 0,73 3,78 1,01 1,47 31,15 1,49 | 0,70 0,62 2,82
-26 13 17,17 0,53 2,69 0,73 1,05 22,17 1,09 | 0,51 0,45 2,05
-25 27 34,68 1,10 5,43 1,52 2,12 44,84 2,25 1,05 0,94 4,23
-24 30 37,72 1,22 5,91 1,69 2,30 48,84 2,50 | 1,17 1,04 4,71
-23 37 45,31 1,50 7,09 2,08 2,76 58,74 3,08| 1,44 1,28 5,80
-22 40 47,87 1,63 7,49 2,25 2,92 62,16 3,33 1,56 1,39 6,28
21 42 48,92 1,71 7,66 2,36 2,98 63,62 3,49 | 1,64 1,45 6,58
-20 40 45,47 1,63 7,12 2,25 2,77 59,24 3,33 1,56 1,39 6,28
-19 54 59,68 2,19 9,34 3,03 3,64 77,89 4,49 | 2,10 1,87 8,47
-18 67 72,12 2,72 11,29 3,76 4,40 94,30 558 | 2,61 2,32 10,51
-17 86 90,00 3,50 14,09 4,83 5,49 117,91 7,16 | 3,35 2,98 13,50
-16 108 109,69 4,39 17,17 6,06 6,69 144,00 8,98 | 4,21 3,74 16,93
-15 68 67,14 2,77 10,51 3,82 4,10 88,34 566 | 2,65 2,36 10,68
-14 58 55,47 2,36 8,68 3,26 3,38 73,16 4,83 | 2,26 2,01 9,10
-13 58 53,74 2,36 8,41 3,26 3,28 71,05 4,83 | 2,26 2,01 9,10
-12 54 48,39 2,19 7,58 3,03 2,95 64,15 4,49 | 2,10 1,87 8,47
-11 67 58,47 | 2,74 9,15 3,79 | 3,57 77,73 | 561| 2,63| 234| 1058
-10 131 109,98 5,34 17,22 7,38 6,71 146,63 | 10,94 | 5,12 4,56 20,62




APPENDIX 2.2(2).

-9 120 | 96,86 | 4,88| 1516| 6,74| 591 | 12956 | 9,99 | 468| 4,16| 1883
-8 104 | 81,02| 424| 1268| 585| 494| 10874| 868| 407| 3,61| 16,36
-7 127 | 9492 | 516| 1486| 7,13| 579| 127,88 | 10,57 | 4,95| 4,40 | 19,93
-6 153 | 109,98 | 6,23 | 17,22| 861| 6,71 | 14875 | 12,76 | 598 | 532 | 24,05
-5 192 | 131,90| 7,80| 2065| 10,77 | 8,05| 179,17 | 1597 | 7,48| 6,65| 30,10
-4 264 | 173,40 | 10,72 | 27,15| 14,81 | 10,58 | 236,66 | 21,94 | 10,28 | 9,14 | 41,37
-3 296 | 185,87 | 12,04 | 29,10 | 16,63 | 11,34 | 254,98 | 24,64 | 11,55 | 10,27 | 46,46
-2 246 | 147,17 | 10,01 | 23,04 | 13,82 | 898 | 203,02| 2049 | 9,60| 854| 3862
-1 336 | 190,56 | 13,64 | 29,83 | 18,84 | 11,63 | 264,50 | 27,92 | 13,08 | 11,63 | 52,64
0 460 | 247,46 | 18,70 | 38,74 | 25,83 | 15,10 | 34582 | 38,27 | 17,94 | 1595 | 72,16
1 639 | 324,52 | 25,96 | 50,81 | 3586 | 19,80 | 456,96 | 53,15 |24,91 | 22,14 | 100,19
2 415 | 198,60 | 16,88 | 31,09 | 23,32 | 12,12 | 282,00| 34,56 | 16,19 | 14,40 | 65,15
3 335 | 150,05 | 13,60 | 23,49 | 18,79 | 9,16 | 215,09 | 27,85 |13,05| 11,60 | 52,50
4 256 | 107,05 | 10,40 | 16,76 | 14,37 | 6,53 | 155,10 | 21,29 | 9,98 | 8,87 | 40,13
5 214 | 83,06| 869| 13,00| 1200| 507 | 121,83| 17,79| 834 | 7,41 | 33,554
6 235 | 8421| 954 | 13,18| 13,18 | 5,14 | 12527| 1954 | 9,16 | 8,14| 36,83
7 165 | 54,15| 670| 848| 925| 3,30 81,88 | 13,71 | 6,42 | 571 | 25,84
8 176 | 52,63 | 76| 824| 989| 3,21 81,13 | 14,65| 6,87 | 6,11 | 27,63
9 211 | 56,80 | 858| 889 | 11,86 | 3,47 89,59 | 17,57 | 823| 7,32| 33,12
10 220 | 52,558 | 894| 823| 1235| 3,21 8531 | 1830| 858| 7,62| 34,50
11 251 | 52,42| 10,19 | 821 | 14,07 | 3,20 88,09 | 20,85 | 9,77 | 869 | 39,31
12 232 | 41,64 | 944| 652| 13,04| 2,54 73,17 | 19,32 | 9,05| 805| 36,42
13 251 | 37,58 | 10,22 588 | 14,12 | 2,29 70,09 | 20,92 | 9,81 | 872| 3945
14 305 | 36,45 | 12,39 571 | 17,12 | 2,22 73,90 | 2537 (11,89 | 10,57 | 47,83
15 267 | 23,96 | 10,22 3,75 | 15,00 | 1,46 54,40 | 22,23 (10,42 | 9,26 | 41,92
16 254 | 1519 | 9,72 2,38 | 14,27 | 0,93 42,48 | 21,14 | 991 | 881| 3986
17 208 623| 798| 098| 11,71| 0,38 27,27 | 17,35| 813 | 7,23| 32,71
18 190 0,00| 7,27| 000| 10,68 | 0,00 17,95 | 15,82 | 7,41| 6,59 | 29,82
19 145 000| 556| 000| 817| 0,00 13,73 | 12,10 | 567 | 5,04 | 22,82
20 127 000| 48| 000| 713| 0,00 11,99 | 10,57 | 4,95| 4,40 | 19,93
21 102 0,00 | 3,92 0,00| 5,76| 0,00 968 | 853| 400| 3,55| 16,08
22 76 0,00 | 2,92 0,00 4,28| 0,00 7,20 634 297| 264| 11,9
23 53 0,00| 2,04| 000| 3,00| 0,00 505| 4,45| 2,08| 1,85 8,38
24 31 000| 1,17| 000| 1,72| 0,00 2,89| 255| 1,20| 1,06 4,81
25 30 000| 1,14| 000| 1,67| 0,00 2,81 | 248| 1,16 | 1,03 4,67
26 15 000| 057| 000| 084| 0,00 1,41 | 1,24| 058| 0,52 2,34
27 8 0,00| 030| 000| 044| 0,00 074 | 0,66| 031| 0327 1,24
28 4 000| 017| 000| 0,25| 0,00 041| 036 017 | 0,15 0,69




APPENDIX 2.3(1).

U-value 1,09 qv, m3/s 3,9
Envelope area, m2 17584 qv, m3/h | 14040
Floor area, m2 11957 SFP 2
Inside Temp, C 18 qv, m3/s 19,5
Working time, h/24h 0,58
Light heatload, W/m?2 12
Number of occupants 650
Occupant, W/person 200
Ground temp, C 1
Floor U-value 0,2
Volume, m3 191980
gv leakage m3/s 1,52
Tempe Qtot(
rature, with
C Qtotlo | Qligh Qpeop | Qtotlo | people
Time | Qce, Qcf, Qv.s.a. | Qv.r.a. | Qleak, | st, t, Qfan, le, ad, ), Qcool,
.h MWh MWh , MWh |, MWh | MWh MWh MWh | MWh MWh MWh MWh MWh
-34 5 4,98 0,20 1,22 0,28 0,47 7,15 0,42 0,19 0,17 0,78
-33 2 1,97 0,08 0,48 0,11 0,19 2,83 0,17 0,08 0,07 0,32
-32 1 0,92 0,04 0,23 0,05 0,09 1,33 0,08 0,04 0,03 0,15
-31 7 6,58 0,28 1,61 0,39 0,63 9,49 | 0,58 0,27 0,24 1,10
-30 8 7,41 0,33 1,81 0,45 0,71 10,71 | 0,67 0,31 0,28 1,26
-29 10 9,00 0,41 2,20 0,56 0,86 13,02 | 0,83 0,39 0,35 1,57
-28 15 13,21 0,61 3,22 0,84 1,26 19,14 1,25 0,58 0,52 2,35
-27 18 15,49 0,73 3,78 1,01 1,47 22,48 1,49 0,70 0,62 2,82
-26 13 11,01 0,53 2,69 0,73 1,05 16,01 1,09 0,51 0,45 2,05
-25 27 22,24 1,10 5,43 1,52 2,12 32,39 | 2,25 1,05 0,94 4,23
-24 30 24,19 1,22 5,91 1,69 2,30 35,30 | 2,50 1,17 1,04 4,71
-23 37 29,05 1,50 7,09 2,08 2,76 42,49 | 3,08 1,44 1,28 5,80
-22 40 30,69 1,63 7,49 2,25 2,92 4498 | 3,33 1,56 1,39 6,28
21 42 31,37 1,71 7,66 2,36 2,98 46,07 | 3,49 1,64 1,45 6,58
-20 40 29,16 1,63 7,12 2,25 2,77 42,93 3,33 1,56 1,39 6,28
-19 54 38,27 2,19 9,34 3,03 3,64 56,48 | 4,49 2,10 1,87 8,47
-18 67 46,24 2,72 11,29 3,76 4,40 68,42 | 5,58 2,61 2,32 10,51
-17 86 57,71 3,50 14,09 4,83 5,49 85,62 | 7,16 3,35 2,98 13,50
-16 108 70,33 4,39 17,17 6,06 6,69 | 104,64 | 8,98 4,21 3,74 16,93
-15 68 43,05 2,77 10,51 3,82 4,10 64,25 5,66 2,65 2,36 10,68
-14 58 35,57 2,36 8,68 3,26 3,38 53,25 | 4,83 2,26 2,01 9,10
-13 58 34,46 2,36 8,41 3,26 3,28 51,76 | 4,83 2,26 2,01 9,10
-12 54 31,03 2,19 7,58 3,03 2,95 46,78 | 4,49 2,10 1,87 8,47
-11 67 37,49 2,74 9,15 3,79 3,57 56,74 | 5,61 2,63 2,34 10,58
-10 131 70,52 5,34 17,22 7,38 6,71 | 107,17 | 10,94 5,12 4,56 20,62
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-9 120 62,11 4,88 | 15,16 6,74 591 94,80 | 9,99 4,68 4,16 | 18,83
-8 104 51,95 4,241 12,68 5,85 4,94 | 79,67 | 8,68 4,07 3,61 | 16,36
-7 127 60,86 516 | 14,86 7,13 5,79 | 93,81 | 10,57 4,95 4,40 | 19,93
-6 153 70,52 6,23 | 17,22 8,61 6,71 | 109,29 | 12,76 5,98 5,32 | 24,05
-5 192 84,57 7,80 | 20,65 | 10,77 8,05 | 131,84 | 15,97 7,48 6,65 | 30,10
-4 264 | 111,18 | 10,72 | 27,15| 14,81 | 10,58 | 174,44 | 21,94 | 10,28 9,14 | 41,37
-3 296 | 119,17 | 12,04 | 29,10 | 16,63 | 11,34 | 188,28 | 24,64 | 11,55| 10,27 | 46,46
-2 246 94,36 | 10,01 | 23,04 | 13,82 8,98 | 150,21 | 20,49 9,60 8,54 | 38,62
-1 336 | 122,18 | 13,64 | 29,83 | 18,84 | 11,63 | 196,12 | 27,92 | 13,08 | 11,63 | 52,64
0 460 | 158,66 | 18,70 | 38,74 | 25,83 | 15,10 | 257,03 | 38,27 | 17,94 | 1595 | 72,16
1 639 | 208,08 | 2596 | 50,81 | 3586 | 19,80 | 340,51 | 53,15 | 24,91 | 22,14 | 100,19
2 415 | 127,33 | 16,88 | 31,09 | 23,32 | 12,12 | 210,74 | 3456 | 16,19 | 14,40 | 65,15
3 335 96,21 | 13,60 | 23,49 | 18,79 9,16 | 161,25 | 27,85 | 13,05| 11,60 | 52,50
4 256 68,64 | 10,40 | 16,76 | 14,37 6,53 | 116,69 | 21,29 9,98 8,87 | 40,13
5 214 53,26 8,69 | 13,00 12,00 5,07 | 92,02 | 17,79 8,34 7,41 | 33,54
6 235 54,00 9,54 | 13,18 | 13,18 5,14 | 95,05 | 19,54 9,16 8,14 | 36,83
7 165 34,72 6,70 8,48 9,25 3,30 | 62,45 | 13,71 6,42 5,71 | 25,84
8 176 33,75 7,16 8,24 9,89 3,21 | 62,25 | 14,65 6,87 6,11 | 27,63
9 211 36,42 8,58 8,89 | 11,86 3,47 | 69,21 | 17,57 8,23 7,32 | 33,12
10 220 33,71 8,94 8,23 | 12,35 3,21 | 66,44 | 18,30 8,58 7,62 | 34,50
11 251 33,61 | 10,19 8,21 | 14,07 3,20 | 69,28 | 20,85 9,77 8,69 | 39,31
12 232 26,70 9,44 6,52 | 13,04 2,54 | 58,23 | 19,32 9,05 8,05 | 36,42
13 251 24,09 | 10,22 588 | 14,12 2,29 | 56,61 | 20,92 9,81 8,72 | 39,45
14 305 23,37 | 12,39 571 | 17,12 2,22 | 60,82 | 25,37 | 11,89 | 10,57 | 47,83
15 267 15,36 | 10,22 3,75 | 15,00 1,46 | 45,80 | 22,23 | 10,42 9,26 | 41,92
16 254 9,74 9,72 2,38 | 14,27 0,93 | 37,03 | 21,14 9,91 8,81 | 39,86
17 208 4,00 7,98 0,98 | 11,71 0,38 | 25,04 | 17,35 8,13 7,23 | 32,71
18 190 0,00 7,27 0,00 | 10,68 0,00 | 17,95 | 15,82 7,41 6,59 | 29,82
19 145 2,79 5,56 0,68 8,17 0,00 | 17,20 | 12,10 5,67 5,04 | 22,82
20 127 4,87 4,86 1,19 7,13 0,00 | 18,05 | 10,57 4,95 4,40 | 19,93
21 102 5,89 3,92 1,44 5,76 0,00 | 17,01 | 8,53 4,00 3,55 | 16,08
22 76 5,84 2,92 1,43 4,28 0,00 | 14,47 | 6,34 2,97 2,64 | 11,96
23 53 5,12 2,04 1,25 3,00 0,00 | 11,42 | 4,45 2,08 1,85 8,38
24 31 3,53 1,17 0,86 1,72 0,00 7,28 | 2,55 1,20 1,06 4,81
25 30 4,00 1,14 0,98 1,67 0,00 7,78 | 2,48 1,16 1,03 4,67
26 15 2,28 0,57 0,56 0,84 0,00 4,25 | 1,24 0,58 0,52 2,34
27 8 1,36 0,30 0,33 0,44 0,00 2,44 | 0,66 0,31 0,27 1,24
28 4 0,84 0,17 0,20 0,25 0,00 1,46 | 0,36 0,17 0,15 0,69




APPENDIX 3.1(1).

U-value 2,37 qv, m3/s 3,9
Envelope area, m2 17584 qv, m3/h | 14040
Floor area, m2 11957 SFP 2
Inside Temp, C 18 qv, m3/s 19,5
Working time, h/24h 0,58
Light heatload, W/m?2 12
Number of occupants 650
Occupant, W/person 200
Ground temp, C 1
Floor U-value 0,2
Volume, m3 191980
gv leakage m3/s 1,52
Tem Qvu.r.a. | Qleak Qpeo | Qtotlo | Qtot(with
perat | Time | Qce, Qcf, Qv.s.a., |, , Qtotlost | Qlight, | Qfan, ple, ad, people),

ure,C ,h MWh MWh MWh MWh | MWh |, MWh | MWh MWh MWh | MWh | MWh

-34 5 10,82 0,20 0,81 0,28 | 0,47 12,59 0,42 0,13 0,17 0,72
-33 2 4,28 0,08 0,32 0,11 | 0,19 4,99 0,17 0,05 0,07 0,29
-32 1 2,01 0,04 0,15 0,05 | 0,09 2,34 0,08 0,03 0,03 0,14
-31 7 14,31 0,28 1,08 0,39 | 0,63 16,69 0,58 0,18 | 0,24 1,01
-30 8 16,12 0,33 1,21 0,45 | 0,71 18,82 0,67 0,21 0,28 1,16

-29 10 19,56 0,41 1,47 0,56 | 0,86 22,85 0,83 0,26 0,35 1,44

-28 15 28,72 0,61 2,16 0,84 | 1,26 33,58 1,25 0,39 | 0,52 2,16

-27 18 33,68 0,73 2,53 1,01 | 1,47 39,42 1,49 0,47 0,62 2,59

-26 13 23,93 0,53 1,80 0,73 | 1,05 28,05 1,09 0,34| 0,45 1,88

-25 27 48,35 1,10 3,64 1,52 | 2,12 56,72 2,25 0,71 0,94 3,89

-24 30 52,59 1,22 3,96 1,69 | 2,30 61,76 2,50 0,79 1,04 4,33

-23 37 63,16 1,50 4,75 2,08 | 2,76 74,26 3,08 0,97 1,28 5,32

-22 40 66,73 1,63 5,02 2,25 | 2,92 78,55 3,33 1,05 1,39 5,77

-21 42 68,20 1,71 5,13 2,36 | 2,98 80,38 3,49 1,10 1,45 6,04

-20 40 63,40 1,63 4,77 2,25 | 2,77 74,82 3,33 1,05 1,39 5,77

-19 54 83,21 2,19 6,26 3,03| 3,64 98,33 4,49 1,41 1,87 7,77

-18 67 100,54 2,72 7,56 3,76 | 4,40 | 118,99 5,58 1,75 2,32 9,65

-17 86 125,47 3,50 9,44 4,83 | 5,49 | 148,73 7,16 2,25 2,98 | 12,39

-16 108 152,92 4,39 11,51 6,06 | 6,69 | 181,57 8,98 2,82 3,74 | 15,54

-15 68 93,61 2,77 7,04 3,82 | 4,10 | 111,34 5,66 1,78 2,36 9,80

-14 58 77,34 2,36 5,82 3,26 | 3,38 92,15 4,83 1,52 2,01 8,35

-13 58 74,92 2,36 5,64 3,26 | 3,28 89,45 4,83 1,52 2,01 8,35

-12 | 54 67,46 2,19 508 | 3,03| 295| 80,72 4,49 1,41 | 1,87 | 7,77

-11 67 81,52 2,74 6,13 3,79 | 3,57 97,75 5,61 1,76 | 2,34 9,71

-10 131 153,33 5,34 11,54 7,38 | 6,71 | 184,30 10,94 3,43 4,56 | 18,93

-9 120 135,04 4,88 10,16 6,74 | 591 | 162,73 9,99 3,14 | 4,16 | 17,28
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-8 | 104 | 112,95 4,24 850 | 5,85 494| 136,49 8,68 2,72 | 3,61| 1501
-7 | 127 | 132,34 5,16 9,96 | 7,13| 579| 160,38 | 10,57 3,32 | 4,40| 18,29
-6 | 153 | 153,33 6,23| 11,54| 861| 671 | 18642 | 12,76 4,01| 5,32 22,08
-5 | 192 | 183,88 7,80 | 13,84 | 10,77 | 8,05 | 22434 | 1597 501| 6,65| 27,63
-4 | 264 | 241,75| 10,72 | 18,19 | 14,81 | 10,58 | 296,04 | 21,94 6,89 | 9,14 | 37,98
-3 | 296 | 259,12 | 12,04 | 19,50 | 16,63 | 11,34 | 318,63 | 24,64 7,74 | 10,27 | 42,64
-2 | 246 | 205,17 | 10,01 | 1544 | 13,82 | 898 | 253,41 | 20,49 6,43 | 854| 3545
-1 | 336 | 26566| 13,64 | 19,99 | 18,84 | 11,63 | 329,76 | 27,92 8,77 | 11,63 | 48,32
O | 460 | 344,99 | 18,70 | 2596 | 25,83 | 1510 | 430,57 | 38,27 | 12,02| 1595| 66,24
1 639 | 452,42 | 2596 | 34,04| 3586 | 19,80 | 568,09 | 53,15| 16,69 | 22,14 | 91,98
2 | 415 | 276,87 | 16,88| 20,83 | 23,32 | 12,12 | 350,01 | 34,56 | 10,85 | 14,40 | 59,80
3 335 | 209,18 | 13,60 | 15,74 | 18,79 | 9,16 | 266,47 | 27,85 8,74 | 11,60 | 48,20
4 | 256 | 149,24 | 10,40 | 11,23 | 14,37| 6,53 | 191,76 | 21,29 6,68 | 8,87 | 36,84
5 214 | 115,80 8,69 8,71 | 12,00 | 507 | 150,27 | 17,79 559 | 7,41| 30,78
6 | 235 | 117,40 9,54 8,83 | 13,18 | 5,14 | 154,11 | 19,54 6,13 | 814| 33,81
7 165 | 75,50 6,70 568 | 9,25| 3,30| 100,42 | 13,71 430| 5,71| 23,72
8 176 | 73,38 7,16 552| 9,89 | 321| 9916| 14,65 460 | 6,11 | 25,36
9 211 | 79,18 8,58 596 | 11,86 | 3,47 | 109,04 | 17,57 552 | 7,32| 3041
10 | 220 | 73,31 8,94 552 | 12,35| 3,21 | 103,32 | 18,30 575 | 7,62| 31,67
11 | 251 | 73,09| 10,19 550 | 14,07 | 3,20 | 106,04 | 20,85 6,55 | 8,69| 36,08
12 | 232 | 5805 9,44 437 | 13,04 | 2,54| 8743 | 19,32 6,07 | 8,05| 33,43
13 | 251 | 52,39| 10,22 3,94 | 14,12 | 2,29| 8296| 2092 6,57 | 872| 3621
14 | 305 | 50,82 | 12,39 3,82 | 17,12| 2,22 | 86,38 | 25,37 7,97 | 10,57 | 43,91
15 | 267 | 33,40| 10,22 2,51 | 1500 | 1,46 | 62,61| 22,23 6,98 | 9,26 | 3848
16 | 254 | 21,17 9,72 1,59 | 14,27 | 0,93 | 47,68 | 21,14 6,64 | 881| 36,59
17 | 208 8,69 7,98 0,65| 11,71 | 0,38 | 2941 | 17,35 545 | 7,23| 30,03
18 | 190 0,00 7,27 0,00 | 10,68 | 0,00| 1795| 15,82 497 | 659 2738
19 | 145 0,00 5,56 000| 817| 000| 13,73| 12,10 3,80 | 5,04| 20,94
20 | 127 0,00 4,86 000| 7,13| 000| 11,99| 1057 3,32 | 4,40| 18,29
21 | 102 0,00 3,92 0,00| 5,76 | 0,00 9,68 8,53 2,68| 3,55| 14,76
22 | 76 0,00 2,92 0,00 | 4,28| 0,00 7,20 6,34 1,99 | 2,64 | 10,98
23 | 53 0,00 2,04 0,00 | 3,00| 0,00 5,05 4,45 1,40 | 1,85| 7,70
24 | 31 0,00 1,17 0,00| 1,72 | 0,00 2,89 2,55 0,80 | 1,06| 4,42
25 | 30 0,00 1,14 0,00| 1,67 | 0,00 2,81 2,48 0,78| 1,03| 4,29
26 15 0,00 0,57 0,00| 0,84 | 0,00 1,41 1,24 039| 052 214
27 8 0,00 0,30 0,00 | 0,44 | 0,00 0,74 0,66 021| 027| 1,14
28 4 0,00 0,17 0,00| 0,25| 0,00 0,41 0,36 0,11| 0,15| 0,63




APPENDIX 3.2(1).

U-value 1,7 qv, m3/s 3,9
Envelope area, m2 17584 qv, m3/h | 14040
Floor area, m2 11957 SFP 2
Inside Temp, C 18 qv, m3/s 19,5
Working time, h/24h 0,58
Light heatload, W/m?2 12
Number of occupants 650
Occupant, W/person 200
Ground temp, C 1
Floor U-value 0,2
Volume, m3 191980
gv leakage m3/s 1,52
ViS5 Qtot(wit
ature,C Qtotlo Qpeop | Qtotlo | h
Qce, Qcf, Qv.s.a. | Qv.r.a. | Qleak, | st, Qlight, | Qfan, le, ad, people),

Time,h | MWh | MWh |, MWh |, MWh | MWh | MWh | MWh | MWh MWh | MWh | MWh

-34 5 7,76 0,20 0,81 0,28 0,47 9,53 0,42 0,13 0,17 0,72
-33 2 3,07 0,08 0,32 0,11 0,19 3,78 0,17 0,05 0,07 0,29
-32 1 1,44 0,04 0,15 0,05 0,09 1,77 0,08 0,03 0,03 0,14
-31 7 10,26 0,28 1,08 0,39 0,63 | 12,65 0,58 0,18 0,24 1,01
-30 8 11,56 0,33 1,21 0,45 0,71 | 14,26 0,67 0,21 0,28 1,16
-29 10 14,03 0,41 1,47 0,56 0,86 | 17,33 0,83 0,26 0,35 1,44
-28 15 20,60 0,61 2,16 0,84 1,26 | 25,47 1,25 0,39 0,52 2,16

-27 18 24,16 0,73 2,53 1,01 1,47 | 29,90 1,49 0,47 0,62 2,59

-26 13 17,17 0,53 1,80 0,73 1,05 | 21,28 1,09 0,34 0,45 1,88

-25 27 34,68 1,10 3,64 1,52 2,12 | 43,05 2,25 0,71 0,94 3,89

-24 30 37,72 1,22 3,96 1,69 2,30 | 46,89 2,50 0,79 1,04 4,33

-23 37 45,31 1,50 4,75 2,08 2,76 | 56,40 3,08 0,97 1,28 5,32

-22 40 47,87 1,63 5,02 2,25 2,92 | 59,69 3,33 1,05 1,39 5,77

-21 42 48,92 1,71 5,13 2,36 2,98 | 61,10 3,49 1,10 1,45 6,04

-20 40 4547 | 1,63| 477 225| 2,77| 5690| 3,33| 105| 1,39| 577

-19 54 59,68 2,19 6,26 3,03 3,64 | 7481 4,49 1,41 1,87 7,77

-18 67 72,12 2,72 7,56 3,76 4,40 | 90,57 5,58 1,75 2,32 9,65

-17 86 90,00 3,50 9,44 4,83 5,49 | 113,26 7,16 2,25 2,98 | 12,39

-16 108 109,69 4,39 | 11,51 6,06 6,69 | 138,34 8,98 2,82 3,74| 15,54

-15 68 67,14 2,77 7,04 3,82 4,10 | 84,87 5,66 1,78 2,36 9,80

-14 58 55,47 2,36 5,82 3,26 3,38 | 70,29 4,83 1,52 2,01 8,35

-13 58 53,74 2,36 5,64 3,26 3,28 | 68,27 4,83 1,52 2,01 8,35

-12 54 48,39 2,19 5,08 3,03 2,95 | 61,64 4,49 1,41 1,87 7,77
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-11 67 5847 | 2,74| 6,13| 3,79| 357| 7471| 561| 1,76| 234| 971
-10 131 | 109,98 | 534| 1154| 738| 6,71|140,95| 10,94 | 3,43| 4,56| 1893
-9 120 96,86 | 4,88 | 10,16 | 6,74| 591 |12455| 999| 3,14| 4,16 17,28
-8 104 81,02| 424| 850| 585| 494|10455| 868| 2,72| 3,61| 1501
-7 127 9492 | 56| 996| 713| 579|12297| 1057 | 3,32| 4,40 18,29
-6 153 | 109,98 | 6,23 | 1154| 861| 6,71|143,07| 12,76 | 4,01| 532 22,08
-5 192 | 131,90| 7.80| 13,84| 10,77| 8,05 172,36 | 1597 | 501| 6,65| 27,63
-4 264 | 173,40 | 10,72 | 18,19 | 14,81 | 1058 | 227,70| 21,94| 6,89 | 9,14| 37,98
-3 296 | 185,87 | 12,04 | 19,50 | 16,63 | 11,34 | 24537 | 24,64 | 7,74 | 10,27 | 42,64
-2 246 | 147,17 | 10,01 | 1544 | 13,82 | 8,98|19541| 2049 | 6,43| 854| 3545
-1 336 | 190,56 | 13,64 | 19,99 | 18,84 | 11,63 | 254,65| 27,92 | 8,77 | 11,63 | 4832
0 460 | 247,46 | 18,70 | 2596 | 2583 | 15,10 | 333,04 | 3827 | 12,02| 1595| 66,24
1 639 | 324,52 | 2596 | 34,04 | 3586 | 19,80 | 440,19 | 53,15 | 16,69 | 22,14 | 91,98
2 415 | 198,60 | 16,88 | 20,83 | 23,32 | 12,12 | 271,74 | 34,56 | 10,85 | 14,40 | 59,80
3 335 | 150,05 | 13,60 | 15,74 | 18,79 | 9,16 | 207,34| 27,85| 8,74 | 11,60 | 48,20
4 256 | 107,05 | 10,40 | 11,23 | 1437 | 6,53 | 149,57 | 21,29| 6,68| 887 | 3684
5 214 83,06| 869| 871| 1200| 507|11754| 17,79| 559| 7,41| 30,78
6 235 8421 | 954| 883| 13,18| 514|12092| 19554 | 6,13| 814 3381
7 165 5415| 670| 568| 925| 330| 7908| 13,71| 4,30| 571| 23,72
8 176 52,63| 76| 552| 989| 321| 7841| 1465| 460| 6,11| 2536
9 211 56,80 | 858| 596| 11,86| 3,47| 8666| 17,57 | 552| 7,32| 3041
10 220 5258 | 894| 552| 1235| 3,21| 8259| 1830| 575| 7,62| 31,67
11 251 52,42 | 10,19 | 550| 1407 | 3,20| 8538| 2085| 6,55| 869 | 36,08
12 232 41,64 | 944 | 437| 13,04| 254| 71,02| 1932| 6,07| 805| 33,43
13 251 37,58 | 10,22 | 3,94 1412 2,29| 6815| 2092| 6,57| 872| 3621
14 305 36,45 | 1239| 3,82 1712 2,22| 7201| 2537| 7,97 | 10,57 | 43,91
15 267 2396 | 10,22 | 251| 1500| 1,46| 53,16 | 22,23 | 6,98| 9,26 3848
16 254 1519 | 9,72| 1,59| 1427 | 0,93 | 41,69| 21,14| 664| 881| 36,59
17 208 623| 798| o065| 11,71| 038 | 2695| 1735| 545| 7,23| 30,03
18 190 000| 7027| o000| 1068| ©0,00| 1795| 1582 | 497| 659| 27,38
19 145 000| 556| o000| 817| 0,00| 13,73| 12,10| 3,80| 504| 2094
20 127 000| 48| o000| 713| 000| 11,99| 1057 | 3,32| 4,40| 18,29
21 102 000| 39| o000| 576| 000| 968| 853| 268| 355| 14,76
22 76 000| 292| o000| 428| 000| 720| 634| 19| 264| 1098
23 53 000| 204| o000| 300| O000| 505| 445| 140| 1,85| 7,70
24 31 000| 1,17| o000| 1,72| o000| 289| 255| 08| 1,06| 4,42
25 30 000| 14| o000| 1,67| ©000| 281| 248| 0,78 103| 4,29
26 15 000 057| o000| o084| 000| 141| 124| 039| 052| 214
27 8 000| 030| o000| o044| O000| 074| o066| 021| 027| 1,14
28 4 000| 017| o000| 025 ©000| ©041| 036| 011| 015| 0,63
~ [ewe0
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U-value 1,09 qv, m3/s 3,9
Envelope area, m2 17584 qv, m3/h | 14040
Floor area, m2 11957 SFP 2
Inside Temp, C 18 qv, m3/s 19,5
Working time, h/24h 0,58
Light heatload, W/m?2 12
Number of occupants 650
Occupant, W/person 200
Ground temp, C 1
Floor U-value 0,2
Volume, m3 191980
gv leakage m3/s 1,52
Tem Qtot(
perat with
ure,C Qtotlo Qpeop | Qtotlo | people
Time | Qce, Qcf, Qv.s.a. | Qv.r.a. | Qleak, | st, Qlight, | Qfan, le, ad, ), Qcool,
.h MWh MWh , MWh |, MWh | MWh MWh MWh MWh MWh MWh MWh MWh
-34 5 4,98 0,20 0,81 0,28 0,47 6,75 0,42 0,13 0,17 0,72
-33 2 1,97 0,08 0,32 0,11 0,19 2,67 0,17 0,05 0,07 0,29
-32 1 0,92 0,04 0,15 0,05 0,09 1,26 0,08 0,03 0,03 0,14
-31 7 6,58 0,28 1,08 0,39 0,63 8,96 0,58 0,18 0,24 1,01
-30 8 7,41 0,33 1,21 0,45 0,71 10,11 0,67 0,21 0,28 1,16
-29 10 9,00 0,41 1,47 0,56 0,86 12,29 0,83 0,26 0,35 1,44
-28 15 13,21 0,61 2,16 0,84 1,26 18,07 1,25 0,39 0,52 2,16
-27 18 15,49 0,73 2,53 1,01 1,47 21,24 1,49 0,47 0,62 2,59
-26 13 11,01 0,53 1,80 0,73 1,05 15,12 1,09 0,34 0,45 1,88
-25 27 22,24 1,10 3,64 1,52 2,12 30,60 2,25 0,71 0,94 3,89
-24 30 24,19 1,22 3,96 1,69 2,30 33,36 2,50 0,79 1,04 4,33
-23 37 29,05 1,50 4,75 2,08 2,76 40,15 3,08 0,97 1,28 5,32
-22 40 30,69 1,63 5,02 2,25 2,92 42,51 3,33 1,05 1,39 5,77
-21 42 31,37 1,71 5,13 2,36 2,98 43,54 3,49 1,10 1,45 6,04
-20 40 29,16 1,63 4,77 2,25 2,77 40,58 3,33 1,05 1,39 5,77
-19 54 38,27 2,19 6,26 3,03 3,64 53,39 4,49 1,41 1,87 7,77
-18 67 46,24 2,72 7,56 3,76 4,40 64,69 5,58 1,75 2,32 9,65
-17 86 57,71 3,50 9,44 4,83 5,49 80,97 7,16 2,25 2,98 12,39
-16 108 70,33 4,39 11,51 6,06 6,69 98,98 8,98 2,82 3,74 15,54
-15 68 43,05 2,77 7,04 3,82 4,10 60,78 5,66 1,78 2,36 9,80
-14 58 35,57 2,36 5,82 3,26 3,38 50,39 4,83 1,52 2,01 8,35
-13 58 34,46 2,36 5,64 3,26 3,28 48,99 4,83 1,52 2,01 8,35
-12 54 31,03 2,19 5,08 3,03 2,95 44,28 4,49 1,41 1,87 7,77
-11 67 37,49 2,74 6,13 3,79 3,57 53,72 5,61 1,76 2,34 9,71
-10 131 70,52 5,34 11,54 7,38 6,71 | 101,49 10,94 3,43 4,56 18,93
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-9 120 62,11 4,88 | 10,16 6,74 591 | 89,80 9,99 3,14 4,16 | 17,28
-8 104 51,95 4,24 8,50 5,85 4,94 | 75,48 8,68 2,72 3,61 | 15,01
-7 127 60,86 5,16 9,96 7,13 579 | 8891 | 10,57 3,32 4,40 | 18,29
-6 153 70,52 6,23 | 11,54 8,61 6,71 | 103,61 | 12,76 4,01 532 | 22,08
-5 192 84,57 7,80 | 13,84 | 10,77 8,05 | 125,03 | 15,97 5,01 6,65 | 27,63
-4 264 | 111,18 | 10,72 | 18,19 | 14,81 | 10,58 | 165,48 | 21,94 6,89 9,14 | 37,98
-3 296 | 119,17 | 12,04 | 19,50 | 16,63 | 11,34 | 178,68 | 24,64 7,741 10,27 | 42,64
-2 246 94,36 | 10,01 | 15,44 | 13,82 8,98 | 142,61 | 20,49 6,43 8,54 | 35,45
-1 336 | 122,18 | 13,64 | 1999 | 18,84 | 11,63 | 186,28 | 27,92 8,77 | 11,63 | 48,32
0 460 | 158,66 | 18,70 | 2596 | 25,83 | 15,10 | 244,25 | 38,27 | 12,02 | 15,95 | 66,24
1 639 | 208,08 | 2596 | 34,04 | 3586 | 19,80 | 323,75 | 53,15| 16,69 | 22,14 | 91,98
2 415 | 127,33 | 16,88 | 20,83 | 23,32 | 12,12 | 200,48 | 34,56 | 10,85 | 14,40 | 59,80
3 335 96,21 | 13,60 | 15,74 | 18,79 9,16 | 153,50 | 27,85 8,74 | 11,60 | 48,20
4 256 68,64 | 10,40 | 11,23 | 14,37 6,53 | 111,16 | 21,29 6,68 8,87 | 36,84
5 214 53,26 8,69 8,71 | 12,00 507 | 87,73 | 17,79 5,59 7,41 | 30,78
6 235 54,00 9,54 8,83 | 13,18 514 90,70 | 19,54 6,13 8,14 | 33,81
7 165 34,72 6,70 5,68 9,25 3,30 | 59,65 | 13,71 4,30 571 | 23,72
8 176 33,75 7,16 5,52 9,89 3,21 | 59,53 | 14,65 4,60 6,11 | 25,36
9 211 36,42 8,58 596 | 11,86 3,47 | 66,28 | 17,57 5,52 7,32 | 3041
10 220 33,71 8,94 552 | 12,35 3,21 | 63,73 | 18,30 5,75 7,62 | 31,67
11 251 33,61 | 10,19 5,50 | 14,07 3,20 | 66,57 | 20,85 6,55 8,69 | 36,08
12 232 26,70 9,44 4,37 | 13,04 2,54 | 56,08 | 19,32 6,07 8,05 | 33,43
13 251 24,09 | 10,22 3,94 | 14,12 2,29 | 54,67 | 20,92 6,57 8,72 | 36,21
14 305 23,37 | 12,39 3,82 | 17,12 2,22 | 5893 | 25,37 7,97 | 10,57 | 43,91
15 267 15,36 | 10,22 2,51 | 15,00 1,46 | 44,57 | 22,23 6,98 9,26 | 38,48
16 254 9,74 9,72 1,59 | 14,27 0,93 | 36,25 | 21,14 6,64 8,81 | 36,59
17 208 4,00 7,98 0,65| 11,71 0,38 | 24,72 | 17,35 5,45 7,23 | 30,03
18 190 0,00 7,27 0,00 | 10,68 0,00 | 1795 | 15,82 4,97 6,59 | 27,38
19 145 2,79 5,56 0,46 8,17 0,00 | 16,97 | 12,10 3,80 5,04 | 20,94
20 127 4,87 4,86 0,80 7,13 0,00 | 17,66 | 10,57 3,32 4,40 | 18,29
21 102 5,89 3,92 0,96 5,76 0,00 | 16,53 8,53 2,68 3,55 | 14,76
22 76 5,84 2,92 0,96 4,28 0,00 | 13,99 6,34 1,99 2,64 | 10,98
23 53 5,12 2,04 0,84 3,00 0,00 | 11,00 4,45 1,40 1,85 7,70
24 31 3,53 1,17 0,58 1,72 0,00 7,00 2,55 0,80 1,06 4,42
25 30 4,00 1,14 0,65 1,67 0,00 7,46 2,48 0,78 1,03 4,29
26 15 2,28 0,57 0,37 0,84 0,00 4,06 1,24 0,39 0,52 2,14
27 8 1,36 0,30 0,22 0,44 0,00 2,33 0,66 0,21 0,27 1,14
28 4 0,84 0,17 0,14 0,25 0,00 1,39 0,36 0,11 0,15 0,63




APPENDIX 4.1(1).

U-value 2,37 qv, m3/s 3,9
Envelope area, m2 17584 qv, m3/h | 14040
Floor area, m2 11957 SFP 2
Inside Temp, C 18 qv, m3/s 19,5
Working time, h/24h 0,58
Light heatload, W/m?2 12
Number of occupants 650
Occupant, W/person 200
Ground temp, C 1
Floor U-value 0,2
Volume, m3 191980
gv leakage m3/s 1,52
Tem Qpeo Qtot(wit
perat Qtotlo ple, Qtotlo | h
ure,C | Time | Qce, Qcf, Qv.s.a. | Qv.r.a. | Qleak, | st, Qlight, | Qfan, MW | ad, people),
.h MWh MWh |, MWh | , MWh | MWh MWh MWh MWh h MWh MWh

5 10,82 0,20 0,13 0,28 0,47 | 11,90 0,42 0,13 | 0,06 0,60

2 4,28 0,08 0,05 0,11 0,19 4,71 0,17 0,05 | 0,02 0,24
-32 1 2,01 0,04 0,02 0,05 0,09 2,21 0,08 0,03 | 0,01 0,12

7

8

1431| 0028| 017| 039| 063| 1578| 058| 0,18| 0,08| 0,85
16,12 | 033| 019| 045| 0,71| 1779| 067| 0021| 009| 0,97
29 | 10 1956 | 041| 023| o056| 086| 2161| 083 026| 012| 1,21
-28 | 15 2872 | 061| 033| 084| 1,26| 31,76| 125| 039 017| 1,81
27 | 18 3368 0,73| 039| 101| 1,47| 3728| 149| 047| 021| 217
-26 | 13 2393| 053| 028| 073| 1,05| 2652| 1,09| 034| 015| 1,58
25 | 27 4835| 1,10 056| 1,52| 2,12| 5364| 225| 071| 031| 3,26
24 | 30 5259 | 1,22| o061| 169| 230| 5841| 250| 0,79| 035| 3,63
23 | 37 63,16 | 1,50| 0,73| 2,08| 2,76| 7024| 3,08| 097| 043| 447
22 | 40 66,73| 163| 077 2,25| 292| 7430| 3,33| 105| 046| 4,84
21 | 42 6820 1,71| 0,79| 236| 298| 7603| 3,49| 1,10| 049| 5,08
20 | 40 63,40 | 163| 0,73| 225| 2,77| 70,78 | 3,33| 105| 046| 4,84
-19 | 54 83,21 219| 096| 3,03| 364| 9303| 449| 141| 063| 6,53
-18 | 67 | 100,54 | 2,72| 1,16| 3,76| 4,40 11259| 558| 1,75| 0,78| 8,11
-17 | 86 | 12547| 3,50| 1,45| 4,83| 549|140,75| 7,16| 2,25| 1,00| 10,40
-16 | 108 | 152,92 | 439| 1,77| 606| 6,69|171,83| 898| 282 1,25| 13,05
-15 | 68 93,61 | 2,77| 108| 3,82| 410 10538| 566| 1,78| 079| 823
-14 | 58 7734 | 236| 09| 3,26| 338| 8723| 483| 152| 067| 7,01
-13 | 58 7492 | 236| 087| 3,26| 328| 8468| 483| 152| 067| 7,01
-12 | 54 67,46 | 219| 0,78| 3,03| 295| 7642| 449| 141| 063| 6,53
-11 | 67 81,52 | 2,74| 094| 3,79| 357| 9256| +561| 1,76| 0,78| 8,16
-10 | 131 | 153,33| 534| 1,77| 7,38| 6,71|17453| 1094 | 3,43 | 1,52| 1589
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-9 | 120 | 13504| 4,88| 1,56| 6,74| 591 |154,13| 9,99 | 3,14| 1,39| 14,52
-8 | 104 | 112,95| 4,24| 1,31| 585| 494|12929| 868| 2,72| 1,21| 1261
-7 | 127 | 132,34| 516| 1,53| 7,13| 5,79|151,96| 1057 | 3,32| 1,47 | 15,36
-6 | 153 | 153,33| 6,23| 1,77| 861| 6,71 |17665| 12,76| 4,01| 1,78 | 18,54
-5 | 192 | 183,88| 7,80| 2,13| 10,77| 8,05 |212,63| 1597| 501 | 2,23 | 23,20
-4 | 264 | 241,75| 10,72 | 2,80 | 14,81 | 10,58 | 280,65 | 21,94 | 6,89 | 3,06| 31,89
-3 | 296 | 259,12| 12,04 | 3,00| 16,63 | 11,34 | 302,13 | 24,64 | 7,74| 3,43| 3581
-2 | 246 | 205,17 | 10,01 | 2,37 | 13,82 | 8,98 |240,35| 2049 | 643| 2,86| 29,77
-1 | 336 | 26566 | 13,64 | 3,08| 1884 | 11,63 |312,84| 27,92| 877 | 3,89 | 40,58
O | 460 | 344,99 | 1870 | 3,99 | 2583 | 1510 | 408,60 | 3827 | 12,02 | 5,33 | 55,63
1 639 | 452,42 | 2596 | 5,24 | 3586| 19,80 | 539,29 | 53,15 | 16,69 | 7,41 | 77,24
2 | 415 | 276,87 | 16,88 | 3,20| 23,32| 12,12 332,39 | 34,56 | 10,85 | 4,82 | 50,22
3 335 | 209,18 | 13,60 | 2,42 | 1879 | 9,16 | 253,16 | 27,85| 8,74| 3,88 | 40,47
4 | 256 | 149,24 | 1040 | 1,73| 1437 | 6,53 | 182,26| 21,29| 6,68 | 2,97 | 30,94
5 214 | 11580 | 8,69| 1,34| 12,00| 5,07 | 14290 | 17,79| 559| 2,48| 25,85
6 | 235 | 117,40| 954 | 1,36| 13,18| 5,14 | 146,63 | 19,54 | 6,13 | 2,72 | 28,40
7 165 | 7550| 6,70| 087| 925| 330| 9562| 13,71| 4,30| 1,91| 19,92
8 176 | 73,38| 76| 085| 98| 321| 9449 | 1465| 4,60| 2,04| 21,30
9 | 211 | 7918| 858| 092 11,86| 3,47 |10400| 17,57 | 5,52 | 2,45| 25,53
10 | 220 | 7331| 894| 085| 12,35| 3,21| 9865| 1830| 575| 2,55| 26,59
11 | 251 | 73,09| 10,19| 0,85| 14,07| 3,20|101,39| 2085| 6,55| 2,91 | 30,30
12 | 232 | 5805| 944| 067| 13,04| 2,54| 83,73| 1932| 6,07 | 2,69| 28,08
13 | 251 | 5239 10,22| o061| 14,12| 2,29| 79,63 | 2092 | 6,57 | 2,92| 3041
14 | 305 | 50,82| 12,39| 059| 17,12| 2,22| 83,14| 2537| 797 | 3,54| 3687
15 | 267 | 3340| 10,22| 0,39| 1500| 1,46| 60,48 | 2223| 6,98 3,10| 32,32
16 | 254 | 21,17| 9,72| 025| 1427| 093] 46,33 | 21,14| 6,64 | 2,95| 30,73
17 | 208 869| 798| 010| 11,71| 0,38 | 2886 | 17,35| 545| 2,42| 2522
18 | 190 000| 7,27| 0,00]| 10,68| 0,00| 1795| 1582 | 4,97| 2,21| 22,99
19 | 145 000| 556| 000| 817| 000| 13,73| 12,10| 3,80| 1,69| 17,59
20 | 127 000| 48| 000| 713| 000| 11,99 | 1057 | 3,32| 1,47 | 15,36
21 | 102 000| 392| o000| 576| 000| 968 853| 268| 1,19| 12,40
22 76 000| 292| o000| 428 000| 720 634| 19| 088| 922
23 53 000| 204| 000| 300| 000| 505| 445| 1,40| 062| 6,46
24 | 31 000| 1,17| o000| 1,72| o000| 289 255| 080| 036| 3,71
25 30 000| 1,14| o000| 1,67| 000| 281| 248| 078| 035| 3,60
26 15 000| 057| o000| 084| 000| 141| 124| 039| 017| 1,80
27 8 000| 030| 000| 044| 000| 074| 066| 021| 009| 0,95
28 4 000| 017| 000| 025 000| 041| 036| 011| 005| 0,53
_ [e7e0]




APPENDIX 4.2(1).

U-value 1,7 qv, m3/s 3,9
Envelope area, m2 17584 qv, m3/h | 14040
Floor area, m2 11957 SFP 2
Inside Temp, C 18 qv, m3/s 19,5
Working time, h/24h 0,58
Light heatload, W/m?2 12
Number of occupants 650
Occupant, W/person 200
Ground temp, C 1
Floor U-value 0,2
Volume, m3 191980
gv leakage m3/s 1,52
Tem Qpeo Qtot(wit
perat Qtotlo ple, Qtotlo | h
L5/ Time | Qce, Qcf, Qv.s.a. | Qv.r.a. | Qleak, | st, Qlight, | Qfan, MW | ad, people),
,h MWh MWh , MWh | , MWh | MWh MWh MWh MWh h MWh MWh
-34 5 7,76 0,20 0,13 0,28 0,47 8,84 0,42 0,13 | 0,06 0,60
-33 2 3,07 0,08 0,05 0,11 0,19 3,50 0,17 0,05 | 0,02 0,24
-32 1 1,44 0,04 0,02 0,05 0,09 1,64 0,08 0,03 | 0,01 0,12
-31 7 10,26 0,28 0,17 0,39 0,63 11,74 0,58 0,18 | 0,08 0,85
-30 8 11,56 0,33 0,19 0,45 0,71 13,24 0,67 0,21 | 0,09 0,97
-29 10 14,03 0,41 0,23 0,56 0,86 16,08 0,83 0,26 | 0,12 1,21
-28 15 20,60 0,61 0,33 0,84 1,26 23,64 1,25 0,39 | 0,17 1,81
27 | 18 2416 | 0,73 0,39 1,01 1,47 | 27,76 | 1,49| 047 0,21 2,17
-26 13 17,17 0,53 0,28 0,73 1,05 19,76 1,09 0,34 | 0,15 1,58
-25 27 34,68 1,10 0,56 1,52 2,12 39,97 2,25 0,71 | 0,31 3,26
-24 30 37,72 1,22 0,61 1,69 2,30 43,54 2,50 0,79 | 0,35 3,63
-23 37 45,31 1,50 0,73 2,08 2,76 52,38 3,08 0,97 | 0,43 4,47
-22 40 47,87 1,63 0,77 2,25 2,92 55,44 3,33 1,05| 0,46 4,84
-21 42 48,92 1,71 0,79 2,36 2,98 56,75 3,49 1,10 | 0,49 5,08
-20 40 45,47 1,63 0,73 2,25 2,77 52,86 3,33 1,05 | 0,46 4,84
-19 54 59,68 2,19 0,96 3,03 3,64 69,51 4,49 1,41 | 0,63 6,53
-18 | 67 72,12 | 2,72 1,16 | 3,76 | 4,40 | 8417 | 5,58 1,75 | 0,78 | 8,11
-17 86 90,00 3,50 1,45 4,83 5,49 | 105,27 7,16 2,25 | 1,00 10,40
-16 108 | 109,69 4,39 1,77 6,06 6,69 | 128,60 8,98 2,82 | 1,25 13,05
-15 68 67,14 2,77 1,08 3,82 4,10 78,91 5,66 1,78 | 0,79 8,23
-14 58 55,47 2,36 0,90 3,26 3,38 65,37 4,83 1,52 | 0,67 7,01
-13 58 53,74 2,36 0,87 3,26 3,28 63,50 4,83 1,52 | 0,67 7,01
-12 54 48,39 2,19 0,78 3,03 2,95 57,35 4,49 1,41 | 0,63 6,53
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-11 | 67 5847 | 2,74| 094| 3,79| 357| 6952| 561| 1,76| 0,78| 816
-10 | 131 | 109,98 | 534| 1,77| 7,38| 6,71|131,19| 10,94 | 3,43 | 1,52| 1589
9 | 120 | 96,86| 48| 156| 6,74| 591 |11595| 9,99 | 3,14| 1,39| 14,52
-8 | 104 | 81,02| 424| 1,31| 585| 494| 9736 868| 2,72| 1,21| 1261
7 | 127 | 9492| s5,16| 1,53| 73| 5,79|11455| 1057 | 3,32| 1,47 | 15,36
-6 | 153 | 109,98 | 6,23 | 1,77| 861| 6,71 |13331| 12,76| 4,01| 1,78 | 18,54
-5 | 192 | 131,90| 7,80| 2,13| 10,77| 8,05 | 160,65| 1597 | 501 | 2,23 | 23,20
-4 | 264 | 173,40 | 10,72 | 2,80 | 14,81 | 10,58 | 212,31 | 21,94| 6,89 | 3,06| 31,89
-3 | 296 | 185,87 | 12,04 | 3,00| 16,63 | 11,34 | 228,88 | 2464 | 7,74| 3,43| 3581
-2 | 246 | 147,17 | 10,01| 2,37 | 13,82| 898 |18235| 2049 | 643| 2,86| 29,77
-1 | 336 | 190,56 | 13,64 | 3,08 | 1884 | 11,63 | 237,74 | 27,92| 877 | 3,89 | 40,58
O | 460 | 247,46| 1870 | 3,99 | 2583 | 1510 | 311,08| 3827 | 12,02| 533 | 55,63

1 639 | 324,52 | 2596 | 5,24| 3586| 19,80 | 411,39 | 53,15| 16,69 | 7,41 | 77,24
2 | 415 | 19860 | 16,88 | 3,20| 23,32| 12,12 | 254,12 | 34,56 | 10,85 | 4,82 | 50,22
3 335 | 150,05 | 13,60 | 2,42 | 1879 | 9,16 | 194,02 | 27,85| 8,74| 3,88 | 40,47
4 | 256 | 107,05| 10,40 | 1,73| 1437 | 6,53 | 140,07 | 21,29| 6,68 | 2,97 | 30,94
5 214 | 83,06| 869| 1,34| 12,00| 5,07 |110,16| 17,79| 559| 2,48| 25,85
6 | 235 | 8421| 954| 1,36| 13,18| 5,14 | 113,44| 1954 | 6,13 | 2,72 | 28,40
7 165 | 54,15| 6,70| 087| 925| 330| 7428| 13,71| 4,30| 1,91| 19,92
8 176 | 52,63| 76| 085| 98| 321| 73,74 1465| 4,60| 2,04| 21,30
9 | 211 | 5680 | 858| 092| 11,86| 3,47| 8162| 17,57 | 552| 2,45| 25,53
10 | 220 | 5258| 894| 085| 12,35| 3,21| 7793| 1830| 575| 2,55| 26,59
11 | 251 | 5242| 10,19| 0,85| 14,07| 3,20| 80,72| 2085| 6,55| 2,91| 30,30
12 | 232 | 4164| 944| 067| 13,04| 2,54| 67,32| 1932| 6,07 | 2,69| 28,08
13 | 251 | 3758 | 10,22| 061| 14,12| 2,29| 64,82 | 2092| 6,57 | 2,92| 3041
14 | 305 | 3645| 12,39| 059| 17,12| 2,22| 6878 | 2537 | 797| 3,54| 3687
15 | 267 | 2396| 10,22| 0,39| 1500| 1,46| 51,04 | 2223| 6,98 | 3,10| 32,32
16 | 254 | 1519 9,72| 0,25| 1427| 093] 4035| 21,14| 6,64 | 2,95| 30,73
17 | 208 623| 798| 010| 11,71| 038 | 2640| 17,35| 545| 2,42 | 2522
18 | 190 000| 7,27| 0,00]| 10,68| 0,00| 1795| 1582 | 4,97| 2,21| 22,99
19 | 145 000| 556| O000| 817| 000| 13,73| 12,10| 3,80| 1,69| 17,59
20 | 127 000| 48| 000| 713| o000| 11,99| 1057 | 3,32| 1,47 | 15,36
21 | 102 000| 392| 000| 576| 000| 968 853| 268| 1,19| 12,40
22 76 000| 292| o000| 428| 000| 720 634| 19| 088| 922
23 53 000| 204| 000| 300| 000| 505| 445| 1,40| 062| 6,46
24 | 31 000| 1,17| o000| 1,72| o000| 289| 255| 080| 036| 3,71
25 30 000| 1,14| o000| 1,67| 000| 281| 248| 078| 035| 3,60
26 15 000| 057| O000| 084| 000| 141| 124| 039| 017| 1,80
27 8 000| 030| O000| O044| 000| 074| 066| 021| 009| 095
28 4 000| 017| 000| 025 000| 041| 036| 011| 005| 0,53
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U-value 1,09 qv, m3/s 3,9
Envelope area, m2 17584 qv, m3/h | 14040
Floor area, m2 11957 SFP 2
Inside Temp, C 18 qv, m3/s 19,5
Working time, h/24h 0,58
Light heatload, W/m?2 12
Number of occupants 650
Occupant, W/person 200
Ground temp, C 1
Floor U-value 0,2
Volume, m3 191980
gv leakage m3/s 1,52
Tem Qtot(
perat withou | Qtot(
ure,C Qv.s Qpeo t with
.a., Qu.r.a Qtotlo ple, Qtotl | people | people | Qcool
Time | Qce, Qcf, MW | ., Qleak, | st, Qlight, | Qfan, | MW | oad, ), ), ,
,h MWh MWh | h MWh | MWh | MWh MWh MWh | h MWh | MWh MWh MWh
-34 5 4,98 0,20 | 0,13 0,28 0,47 6,06 0,42 0,13 | 0,06 0,60
-33 2 1,97 0,08 | 0,05 0,11 0,19 2,40 0,17 0,05 | 0,02 0,24
-32 1 0,92 0,04 | 0,02 0,05 0,09 1,13 0,08 0,03 | 0,01 0,12
-31 7 6,58 0,28 | 0,17 0,39 0,63 8,05 0,58 0,18 | 0,08 0,85
-30 8 7,41 0,33 | 0,19 0,45 0,71 9,09 0,67 0,21 | 0,09 0,97
-29 10 9,00 0,41 0,23 0,56 0,86 11,05 0,83 0,26 | 0,12 1,21
-28 15 13,21 0,61 0,33 0,84 1,26 16,25 1,25 0,39 | 0,17 1,81
-27 18 15,49 0,73 | 0,39 1,01 1,47 19,09 1,49 0,47 | 0,21 2,17
-26 13 11,01 0,53 | 0,28 0,73 1,05 13,60 1,09 0,34 | 0,15 1,58
-25 27 22,24 1,10 | 0,56 1,52 2,12 27,52 2,25 0,71 0,31 3,26
-24 30 24,19 1,22 | 0,61 1,69 2,30 30,01 2,50 0,79 | 0,35 3,63
-23 37 29,05| 1,50| 0,73 | 2,08 2,76 | 36,12 308 097 | 043 | 4,47
-22 40 30,69 1,63 | 0,77 2,25 2,92 38,26 3,33 1,05 | 0,46 4,84
-21 42 31,37 1,71 | 0,79 2,36 2,98 39,20 3,49 1,10 | 0,49 5,08
-20 40 29,16 1,63 | 0,73 2,25 2,77 36,54 3,33 1,05 | 0,46 4,84
-19 54 38,27 2,19 | 0,96 3,03 3,64 48,10 4,49 1,41 | 0,63 6,53
-18 67 46,24 2,72 | 1,16 3,76 4,40 58,29 5,58 1,75 | 0,78 8,11
-17 86 57,71 3,50 | 1,45 4,83 5,49 72,98 7,16 2,25 | 1,00 | 10,40
-16 108 70,33 4,39 | 1,77 6,06 6,69 89,24 8,98 2,82 | 1,25 | 13,05
-15 68 43,05 2,77 | 1,08 3,82 4,10 54,82 5,66 1,78 | 0,79 8,23
-14 58 35,57 2,36 | 0,90 3,26 3,38 45,46 4,83 1,52 | 0,67 7,01




APPENDIX 4.3(2).

-13 | 58 | 3446 236|087 | 3,26| 328| 4422 483| 152| 0,67 | 7,01
-12 | 54 | 31,03| 219|078 | 3,03| 295| 3999| 449| 141| 0,63| 6,53
-11 | 67 | 37,49| 2,74|094| 3,79| 357| 4853| 561| 1,76| 0,78 | 8,16
-10 | 131 | 7052 | 534| 1,77| 738| 6,71| 91,72| 1094 | 3,43 | 1,52 | 15,89
9 | 120 | 62,11| 4,88 15| 6,74| 591 | 81,20 9,99| 3,14| 1,39 | 14,52
-8 | 104 | 51,95| 424|131| 58| 494| 6829 | 868| 272| 1,21 12,61
-7 | 127 | 60,86 | 5,16 1,53| 7,13 | 579| 8048 | 10,57 | 3,32| 1,47 | 15,36
-6 | 153 | 7052 | 6,23|1,77| 861| 671| 93,8 | 12,76 | 4,01 | 1,78 | 18,54
-5 | 192 | 8457| 7,80 2,13| 10,77 | 8,05| 113,32 | 1597 | 5,01 | 2,23 | 23,20
-4 | 264 | 111,18 | 10,72 | 2,80 | 14,81 | 10,58 | 150,09 | 21,94 | 6,89 | 3,06 | 31,89
-3 | 296 | 119,17 | 12,04 | 3,00 | 16,63 | 11,34 | 162,18 | 24,64 | 7,74| 3,43 | 3581
-2 | 246 | 94,36 10,01 | 2,37 | 13,82 | 8,98 | 129,55 | 20,49 | 6,43 | 2,86 | 29,77
-1 | 336 | 122,18 | 13,64 | 3,08 | 18,84 | 11,63 | 169,36 | 27,92 | 8,77 | 3,89 | 40,58
0 | 460 | 158,66 | 18,70 | 3,99 | 25,83 | 15,10 | 222,28 | 38,27 | 12,02 | 5,33 | 55,63

1 639 | 208,08 | 25,96 | 5,24 | 35,86 | 19,80 | 294,94 | 53,15 | 16,69 | 7,41 | 77,24
2 | 415 | 127,33 | 16,88 | 3,20 | 23,32 | 12,12 | 182,86 | 34,56 | 10,85 | 4,82 | 50,22
3 335 | 96,21 13,60 | 2,42 | 18,79 | 9,16 | 140,18 | 27,85 | 8,74 | 3,88 | 40,47
4 | 256 | 68,64 | 10,40 | 1,73 | 14,37 | 6,53 | 101,66 | 21,29 | 6,68 | 2,97 | 30,94
5 214 | 53,26| 869 1,34| 12,00| 507 | 8036| 17,79| 559 | 2,48 | 25,85
6 | 235 | 5400 954| 1,36| 13,18 | 5,14 | 83,22 | 1954 | 6,13 | 2,72 | 28,40
7 165 | 34,72| 6,70| 0,87 | 9,25| 3,30| 54,84 | 13,71 | 4,30| 1,91 | 19,92
8 176 | 33,75| 7,16 | 0,85| 9,89 | 3,21| 54,86 | 14,65| 4,60| 2,04 | 21,30
9 | 211 | 3642| 858|092 11,86 | 3,47 | 61,24 | 17,57 | 5,52 | 2,45 | 2553
10 | 220 | 33,71| 894|085 12,35| 3,21 | 59,06| 1830| 5,75| 2,55 | 26,59
11 | 251 | 3361 10,19| 0,85 | 14,07 | 3,20| 61,91 | 2085| 6,55| 2,91 | 30,30
12 | 232 | 26,70| 9,44| 0,67 | 13,04 | 2,54 | 52,38 | 1932| 6,07 | 2,69 | 28,08
13 | 251 | 24,09 | 10,22 | 0,61 | 14,12 | 2,29| 51,33 | 2092| 6,57 | 2,92 | 30,41
14 | 305 | 23,37 |1239| 059 | 17,12 | 2,22| 5570 | 2537 | 7,97 | 3,54 | 36,87
15 | 267 | 15736 10,22| 0,39 | 1500 | 1,46 | 42,44 | 22,23| 6,98 | 3,10 | 32,32
16 | 254 9,74 | 9,72 0,25 | 14,27 | 0,93 | 3490| 21,14 | 6,64 | 2,95 | 30,73
17 | 208 400| 798| 0,10| 11,71 | 0,38 | 24,16 | 17,35| 5,45 | 2,42 | 2522
18 | 190 0,00| 7,27| 000| 10,68 | 0,00| 1795| 1582 | 4,97 | 2,21 | 22,99
19 | 145 2,79 | 5,56 |007| 817| 000| 16,59 | 12,10| 3,80 | 1,69 | 17,59
20 | 127 487 | 486|012 | 73| 000| 1699 | 1057 | 3,32| 1,47 | 1536
21 | 102 589 | 3,92|015| 576| 000| 1572 | 853| 2,68| 1,19 | 12,40
22 76 584 | 2,92|015| 428| 000| 1319| 634| 19 | 088 | 9,22
23 53 512 | 2,04|013| 3,00| 000| 1030 | 445| 1,40| 062 | 6,46
24 | 31 353| 1,17|009| 1,72| o000| 651| 255| 080 036 3,71
25 30 400| 14| 010| 1,67| 000| 691| 248| 0,78| 035| 3,60
26 15 2,28| 057|006| 08| 000| 375| 124| 039| 017 | 1,80
27 8 1,36 | 0,30|003| 044| 000| 214| 066| 021| 009| 0,95
28 4 084| 017|002 025| 000| 127| 036| 0,11| 005| 0,53




