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Energy calculation tool for air heated ice rink arenas

Abstract

The present calculation tool is intended for early stage preliminary design purposes in order to
calculate the total energy use/cost of an ice rink. In ice rinks, energy use of the refrigeration
process dominates making these buildings highly energy intensive. Especially if poorly designed,
the operation cost can be very high. The ice making process is not taken into account in official E-
value calculation for energy performance certificate and this value typically represents only one
third of the total energy use. The tool allows to study the effects of design options of air handling
unit, refrigeration, air distribution, structural and waste heat utilization solutions, and provides
energy use breakdown and energy cost which can be highly useful in decision making. The main
objective of the tool is to complement the official E-value calculation procedure which excludes
processes. For comparative purposes, E-value based on actual energy use of the entire system
including the refrigeration process is calculated. The accuracy of the tool is within £5% which is
very good for early stage decision making. In the final design phase, it is recommended to
conduct detailed energy simulation with IDA-ICE ice rink application.
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1. Introduction

The regulations and guidelines regarding energy efficiency of buildings consists of two parts; first
calculating energy performance (E-value) which must comply with the general principles, second to
determine energy performance classification certificate according to the reference list in the guideline.
The requirements for Energy performance calculation include all energy uses of the building such as:
lighting, appliance, domestic hot water, space heating and ventilation to maintain appropriate indoor
climate, cooling, fans and pumps, but exclude the processes as refrigeration for ice making.

To calculate the E-value the delivered energy of all energy carriers is multiplied by primary energy
(weighting) factors then summing up and finally divided by the total building area in order to convert
it to the form of energy per heated area (KWh/m? a).

According to Finnish regulation of energy performance, primary energy “Energy Performance” E-
value (E-luku in Finnish) is required for all “ordinary” buildings which stated in the regulations except
for ice rinks as shown in Fig.1. Ice rink belongs to *other buildings’ which has no limit for E-value, but
the E-value has to be calculated for energy performance certificate.

System boundaries for energy calculation include: energy need, energy use (building technical
systems) and on-site renewable energy calculation results in delivered energy. However exported
energy is not taken into account in E-value, only the on-site production which is used in the building.
Appliances (small power plug loads) and lighting are taken into account and finally delivered energy is
multiplied by primary energy (weighting) factors.



Kiyttotarkoimsluokka E-luvun raja-arvo
kWhe/(m? a)

Luokka 1) Pienet asuinrakennukset:

a) Erillinen pientalo ja ketjutalon osana oleva rakennus, joiden
lzmmitetty nettoala (Agetto) on 50—150 m? 200-0.6 Anetto
b) Erillinen pientalo ja ketjutalon osana oleva rakennus, joiden
lammitetty nettoala (Aaetto) on enemmiin kuin 150 m? kuitenkin enintisin

600 m® 116-0.04 Anetts
¢) Erillinen pientalo ja ketjutalon osana oleva rakennus, joiden

lémmitetty nettoala (Auetio) on enemmiin kuin 600 m? 92

d) Rivitalo ja asuinkerrostalo, jossa on asuinkerroksia enintdédn kahdessa | 105
kerroksessa

Luokka 2) Asuinkerrostalo, jossa on asuinkerroksia vidhintidn kolmessa | 90
kerroksessa

Luokka 3) Toimustorakennus, terveyskeskus 100

Luokka 4) Liikerakennus, tavaratalo, kauppakeskus,
myymiélidrakennus lukuun ottamatta parvittiistavarakaupan alle
2000 m? yksikkéd, myymalahalli, teatteri, coppera-,

konsertti- ja kongressitalo. elokuvateatteri. kirjasto, arkisto,

museo. taidegalleria. niyttelyhalli 135
Luokka 5) Majoitushitkerakennus, hotelli. asuntola, palvelutalo,

vanhainkoti, hoitolaitos 160
Luokka 6) Opetusrakennus ja péivikoti 100
Luokka 7) Liikuntahalli lukuun ottamatta uimahallia

ja jadhallia 100
Luokka 8) Sairaala 320

Luokka 9) Muu rakennus. varastorakennus. litkenteen rakennus,
uimahalli (‘m piivittiistavarakaupan alle
2000 m? yksikKo. siirtokelpoinen rakennus ¢i raja-arvoa

Fig. 1. Ice rink belongs to other buildings with no limited E-value requirement
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Fig. 2. Building site & System boundaries for energy calculation and for Net delivered Energy on site

The E-value method is developed for ordinary buildings and it is not suitable for energy
certification of process dominated buildings such as ice rinks, swimming pools, grocery stores, data
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centers, commercial kitchens etc., because in these buildings the real energy use might be much higher
than represented by the E-value. Therefore, it is important to notice that in ice rinks the refrigeration
processes is not included in the E-value calculation.

The energy performance of buildings is required in order to determine the energy performance
certificate rating of the building on a scale from A as the best scale to G as the poorest class and it
include the following steps:

e The primary energy use E-value (E-luku) is calculated using primary energy factors

e The main requirement directing design and construction

e Air tightness of the building — building leakage rate gso limited to 4,0 m¥(h m?)

e Additional requirements for thermal insulation of the building components, for instance the
thermal transmittance coefficient of a wall may not exceed 0.60 W/(m? K), window or a
doors may not exceed 1.8 W/(m?K)

o The energy efficiency of the ventilation system requires that the specific fan power SFP
may not exceed 2 KW/(m?/s)

The steps implemented for the energy performance certificate of the ice rinks are:

e E-value is calculated with input data taken from design documentation (if available) for
new and existing buildings

e The refrigeration process of the ice rink is not included in the E-value calculation

e If design values are not available, the E-value is calculated based on real measured or
estimated ventilation air flow rates, indoor temperatures, running times and internal heat
gains

e EPC class is determined based on E-value calculated and according the E-value ranges of
the following table:

Energiatchokkuusluokka | E-luku (kWhe/(m?vuosi))
A E-luku <90
B 91 < E-luku <130
C 131 < E-luku <170
D 171 < E-luku <190
E 191 < E-luku <240
F 241 < E-luku <280
G 281 < E-luku

Table 1. Energy performance certificate is determined according to the class ranges in the table

2. input data provided by the users

In the first page of the calculator called as “Rakennuksen tiedot”, the user has to provide the basic
input data required for the calculation process. An overview of the first page of the calculator
“Rakennuksen tiedot” is shown in Fig.3.

2.1. Dimensioning of the building and supplementary facilities
In the first step the length, width and the height of the arena hall, the length and width of the ice
pad also the area of supplementary building facilities are asked. The tool then calculates the hall and
the ice pad area, the additional building area and the volume of the arena space. Then the maximum
number of spectators that arena designed for is asked in the next step.



2.2. Indoor environment and the ice specifications
Indoor air temperatures at the heights of 1.5 m and 4 meter also relative humidity at the height of
1.5 m are given as input by the user of the tool. The ice surface temperature and the ice thickness is
asked in the next step. Then the important information about the ice pad resurfacing and the water
temperature for the resurfacing process is asked in this stage. Pragmatic

2.3. Lighting
In this stage lighting power required per square meter, the lighting utilization factor and the coating
emissivity factor (k: 0.2 or 0.8) are asked and have to be provided for the calculator. The tool calculates
the total power required for the lighting at the time in the same page.

2.4. Building envelope U-Value

The U-values walls and the ceiling are aske din this stage [Page: “Rakennuksen tiedot”, Rows:
38&39]. Also the thickness of the insulation layer under the ice pad is asked [Page: “Rakennuksen
tiedot”, Row: 46].

2.5. Refrigeration plant and snow melting

The COP of the refrigeration machines, the percentage of recovered condensate heat. The tool also
asks whether or not snow melting is implemented indoor or outdoor. [Page: “Rakennuksen tiedot”,
Rows: 41, 42 & 44]

2.6. Location
The tool is able to make the calculations based on three climatic zones of Finland, Zonel, Zonelll
and ZonelV. For the “Zonel” weather data of Vantaa, for the Zonelll weather data of Jyvaskyla and for
the Zone 1V weather data of Sodankyld have been used. The location where the ice rink located is asked
in the row 48 of the”Rakennuksen tiedot” page with the three options. Consequently all the calculations
will be implemented based on the yearly outdoor temperature and humidity of the selected zone.



Jéighallin Energialaskuri - Aalto-yliopisto 2018
Jiidhallin energialaskentatydkalun ldhtdtiedot - sydtd tiedot vihreisiin kenttiin

1adhalli ja koko rakennus Lahtétiedot alculated da Ohjeita
Jashallin pituus [m] E5.0
Jaahallin leveys [m] 5.0
Jadhallin pinta-ala [m2] 2275 2275
Foka rakennus [m2] 3000.0 3000
Clkei stil at 725.0 725
Jadhallin karkeus [m] B
Jazhallin tilavuus [m3] 13650 13650
Koko rakennukzen tilavuus [m3] 15825 16825
Oheishlavuus [m3] 2175 2175
Jaan pituus [mn] 53
Jaan leveus [m] ]
Jaan pinta-ala [m] 1798
Katgomo
K. atzomon henkilornaara [kpl] a00

1gallma
Lampotila 15 m korkeudella ['C] 5 “leen=a b °C 15 m korkeudella
Suhteellinen kosteus 15 mi [£] [54] [ Ohjearvo BB
Larnptila 4.0 m korkeudella ['C] 1] Tehokas ilmanjake 8 °C, tavanornainen 10 °C, huono ilmajako
Larmpiotlakerrosturna [*Cim] 2

aanhoito
Jaanhoitokertoja vuorokaudessa ma-pe [kpl] g
Jaanhoitokertoja vuorokaudessa la-su [kpl] 12
Jaanhoitokertoja keskimaarin vuorokaudessa 914 9.14
Jadnhoitovesi T ['C] 40 rleenza 30 - J0TTC]
Jaanhoitovesi W [lit] a00 “fleensza 300 - 700 [litraakertalkpl jaarata]
|aan maarittely
Jadn paksuus [mim)] 40 “fleenza 40-50mmn
Jaan pintal ampitila ['T] -5 ‘leen=za -4'C tai 5'C
Yalaisus
alaistuksen asennetiu tebo Wim2 15 hukpaikaizet LED valaisimet 10 Wim2, vanhernrnat ballit 15 Wi
Walaistuksen kokonaisteho ['Ww] 34125 34125

[Walaistuksen kavttoaste [-] 0.25 Osuus vuorokauden ajasta jolloin val sistus paalla

hatal aernissiivipinnoite [kie] k 'k" ernigsiokerroin 0,2 ja"e" emissiokerroin 0.8
Ulkovaipan |ammoeristys
Ulkozeinan keskirmaarainen U-arvo ['WA[m2 "K]] 0,26
Ylapohjan keskimaarainen U-arvo ['wi[mz *K]] 026
Jaahdytyslaitos
Kulrmakoneizton COP 25 kulmakoneiston larnpakertoirnet ovat vleensa valilla 25-3.0
Lauhdeldrnpoa talteen [5] 0 Lamnrnituk sessa huodwnnetty lauhdel armpi, vieensa e vli 5022
Lumen sulatus
Lumen sulatus toteutettu ulkona? [ke] k "k" B0 wahennys sulatuzenergiassa koska 603 &) asta ulkol ar
Jadradan alapuolinen [dmmmoneri stys [100mrmd200mm) 100 100 rrn wastaa U=0,3 ja 200 rom then 0,15 [Wwim2 (]
Sijaintil¥yohyke [Zone | ! Zone [l | Zone 1¥] Zone | Zone |[Helsinki] { Zone lll[ Juvaskyla] { Zone |V Sodankyla)
liman¥vaihtokone
K.okonaisilmavirta zizaltden kiertoilman [[drm3S)inn2] 4 vleenza 2 [lgmi2], paljon toteutuk sia tarpeenrnukaisella objauks:
Llkoilman osuus [ si=altaa vuotoilman) [-] 0.2 0.1- 0.3 wupillinen alue
Lammion kalteenoton |ampatilasuhde [-] 07 0.7 -085
Orninaiszshkidteho SFP 0s vleensa 0,60-0.80 per uksi puhallin
Jashdutuspatterin sijainti [&])] | "g" jaahdwtyspatter ennen LTO-ta [suositeltava) . "" [aahdube:
Energian hinta
Sahkdn hinta, paiva [Kkh] 0,08
Siahkin hinta, vo [Kkwh] 0,06
F.aukol ammon hinta [FkWwh] 0.05
byt lampa, hinta [Fkwhl 0,01

Rakennuksen tiedot [JHEEEE &

Fig. 3. An overview of the first page of the calculator where the users enter input data

2.7. Ventilation machines and Air handling Units
In this section the tool asks total air flow including recirculating air, outdoor share of the supply
air heat recovery temperature ratio, Specific fan power SFP. The user must also provide the information
about the cooling coil location with the two option either placed before the heat recovery or after that.

2.8. Condensate heat recovery
The user has to provide percentage of condensate heat utilized in the heating system which is
generally not more than 50%.

2.9. Outdoor air contribution of the supply air
The user has to provide the outdoor share of the supply air. The typical range is instructed to be
within 0.1t0 0.3.



2.10. The cooling coil location
The user must specify wheather the cooling coil position is before or after the heat recovery by
selectin “e” as before (ennen) or “” as after (jilkeen).

2.11. Energy prices
The tool requires to be fed with the prices of various energy forms, Electricity prices day price and
night price, district heat prices both purchase and selling prices.

3. Theoretical principles of the calculation
In order to calculate the heating and cooling demands, we need to analyze various possible thermal
interactions including:

a) The heat losses between the indoor and outdoor air through the building envelopes

b) The heat loads between the ice pad and surrounding environment either upward to the
indoor environment or downward to the ground underneath the ice.

c) Internal loads

d) Loads due to ice resurfacing process

The theoretical principles for each of the above mentioned item will be discussed in detailed in the
following sub sections.

3.1.The ice surface modeling

To calculate the heat exchanged between the ice surface and indoor air, we need to concentrate on
the transient layer above the ice. To do so, it is initially required to determine heat transfer coefficients
of the air layer on the ice. Theoretical challenges on how accurate the model calculates the U_FILM,
the Hconv, and condensation heat transfer, through the ice surface to the hall space, are described as:

6142.83

— 105 T 27315+ 7.,

Py = 10%exp(17.391 — ——— Ton) .
6142.83

Pice = 10%exp(17.391 — ==) ?

The relative humidity at the height of h = 0.1m above the ice surface are calculated:

h
RH), = (E) X (90 — RH, 5) 3)
RH
dp = (538) X (o = Pice) ©
dppa
dpatm = (ﬁ) (5)
The heat transfer coefficient for condensation is also calculated as:
hd = 1750 X h_conv X AP /AT (RH,/100) (6)
Qcona = hd X (Tin - Tice) (7)

3.2.Airflow balance equations

The calculated and measured airflow rates, along with measured temperature and RH changes over
the components were used to calculate the components theoretical energy output over the measurement
periods. The heating coils and heat exchangers heating powers were calculated as:

Preat = QairxPair X Cair X ATy (8)



and the required cooling powers for the cooling coil as:

Peoot = Gair X Pair X Ahgir )
Where the enthalpy of air can be expressed as

hair = CairTair + Xair (CwTair + hwe) - (10)

The fresh air intake of the AHU was calculated based on CO»-level differences between the
extract, supply, and fresh airs. Any decrease in CO> level from extract to supply air means a
portion of the supply air is fresh air since it is reasonable to assume no other CO> sources within
the unit exist. Fresh air intake can be calculated as:

Cex _Csu
Afresh air = Qsup (#) . (11)

Cext—C fresh

The resulting flow rate for fresh air intake serves more like an approximation than an exact value,
but its accuracy is sufficient to determine when the unit operated in full or partial recirculation mode.

3.3.Heat loss calculations through external envelopes of the building
The thermal loss of the building is calculated using the conventional heat loss calculation equation
as follows:

QHeat loss = {ZHBuilding X Z(AT X At)Cold months} (12)

ZHBuilding = {Z(U X A)External wall Z(U X A)ceiling +
Z(U X A)Floor + Z(U X A)doors&windows} (13)

The specific thermal transmittance of the building components are used when calculating the
thermal loss of the design solution.

Thermal loss of leakage air is also calculated as:

QLeakage air = [pair X CP X qy ]Leakage air X Z(AT X At)months (14)

The heat loss is calculated using weather data of three zones: Zone |, Zone Ill, Zone 1V. The
calculator requests from the users to provide in which climatic zone the ice rink is located. The heat
loss then will be calculated based on the outdoor yearly weather data of the selected zone. For each of
these zones average monthly temperatures as well as total hours of each month are calculated. Finally
those months that their average temperature are lower than the ice hall indoor temperature will be
considered as cold months for the calculation. The average indoor temperature of the ice arena assumed
to be as +10°C.

Qheat 10ss = {Z(U X A)External walls T Z(U X A)ceiling + Z(U X A)Floor + Z(U X
A)doors&windows} X [(ATl X Atl) + (ATZ X Atz) + - ]cold months (15)



AT is the temperature difference between the average outdoor temperature of a cold month and the
average indoor temperature which is assumed +10°C, and At is total time in hours of a cold month.

The number of cold months is chosen based on the average monthly temperature of month compared to
average indoor temperature of the arena (~+10°C). If the average temperature of the month is colder
than +10 then it is assumed cold month in the tool. Accordingly, the Zone IV has two more cold months
than other zones.

The total heating power is delivered through heating coil of the air handling unit to the air supplied in
to the space.

3.4.Heating Energy demand due to domestic hot water consumption

There are basically three main consumers for domestic hot water; players showering in locker
room, spectators’ washroom and the third one which is a considerably big consumer is the hot water
used in the resurfacing operation. The number of players for every match is similar in every arena except
the active times of arenas may differ from each other. Thus the hot water consumption for players is
approximately the same unless an arena is specified with higher or lower activity period than usual. The
number of spectators depend on the space capacity of the arena and thus the user of the tool must specify
the number of spectators. Then the spectators’ consumption which is limited to wash room usage can
be calculated based on the number of spectators.

Finally the amount of domestic hot water used for resurfacing operation which is the largest
domestic hot water consumption is defined based on the information provided by the user about the hot
water quantity and its temperature in addition to the sequence of daily weekdays and weekend
operations used for resurfacing operation.

Qhot water — Qresurf.water + QDHW (16)

3.5.Heat load of the ice pad

There are various forms of heat transfer occur between the ice pad and with the surrounding
environment both upward to the room and downward to the ground. The heat transfer forms will
separately be analyzed in the following sections and their theoretical steps followed in the calculation
tool are then described.

3.5.1. Convection heat transfer
One of the main form of thermal interaction between the ice pad and indoor air is the heat transfer
due to convection occurring on the ice surface. The convection heat transfer is calculated using the
following equation: We assume linear relationship between surface temperature of the ice and
temperature at the height 1,5m.

h=
1.

0.1
Th=01=Ts + ( 5 ) X (T1,5m - Ts) (17)

Where T and T 5,,, are asked in the first page of the tool. So, it is then provided as input by the users.
Then heat transfer coefficient at the height of 0.1m above the ice will be calculated using the indoor air
movement velocity at the hcon=0.1m.

hcony. = 3.41 + (3.55 X V) (18)
indoor air velocity at the height of hconv. = 0.1m, assumed to be: V =0.15 [m/s]
heat transfer coefficient at the height of 0.1m above the ice: Neony. [M]: 0.10



dconv. = hConv X (Ti - TS) (19)

Convection heat transfer between the ice and the indoor air: Ceonv [W/m?]
Heat transfer coefficient: Neony [W/(m? °K)]
Ice surface temperature: Ts [°C]:

Air temperature at height h = 0.1m is: Tin = Th=o01m ['C]

3.5.2. Radiation losses
The radiation heat transfer is calculated using radiation heat transfer coefficient, and for calculating
the coefficient emission factor between the ice and the ceiling has to be calculated. The emission factor
is calculated by the following equation:

€1, = i+( ! —1)+A“"ﬂx(i—1)] (20)

Fei Eceiling Ajce Eice
Emission factor between the ceiling and the ice: En [-]
the view factor between the ice pad and the roof (=0.68) Fei [-]
Emissivity of the ceiling, depending on the emissivity of the sheet, Eceiling [-]

Eceiling IS provided by users as input in the first page: either k = 0.2 or 0.8

Surface area of the ceiling: Aceiling [m?]
Ice surface area: Aice [m?]
Emissivity of the ice (0.98): Eice [-]

The heat transfer coefficient is calculated through the following equation:

hrad = &1 X0 X (Tgeiling + lece.sur) X (TCeiling + TS (21)
Radiation heat transfer coefficient: Nrad [W/(m? °K)]
Stefan-Boltzmann constant (5.67037E-08): ) [W/(m? *K*)]
Ice surface temperature: Ts [’K]
Surface temperature of the ceiling: T ceiling [°K]

The ceiling temperature assumed to be the same as the air temperature at the height of h=4m which is
available as input to the tool.

And finally the radiation heat transfer is calculated using the equation below:

Grad. = Praa. X (TCeiling —Ts) (22)
Radiation heat flow rate: Orad [W/m?]

3.5.3. Thermal radiation due to lighting
The total heating generated in the space through the lighting radiation which absorbed by the ice
surface to warm up the ice and subsequently the refrigeration machines must compensate:

Qlighting = Plighting X U % 0.62 (23)
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Total radiation heating power generated by lighting: Quighting (W]
Total Lighting Power: [W]: Piighting [W]
Utilization percentage of the lighting: U %

3.5.4. Condensation heat load
First, we need to calculate (RH;,—, 1) which is the relative humidity at the height of 0.1m above
the ice. Relative humidity at height h=0.1m is calculated by assuming a linear relationship between the
relative humidity on the ice surface which is assumed to be 100% and the relative humidity at 1.5 m
above the ice which has to be 65% according to the guideline. This is calculated using the linear equation
according the following equation:

h onv
RHp—o1 = 100 — [(*2222 ) x (100 — RHj_y 5)] (24)

Where; h.ony = 0.1m is the convection heat transfer coefficient at the height of 0,1m and
RHy,_4 5 is the relative humidity at the height of 1,5m above the ice which is provided by the user.

6142.83

P, = 10° x exp(17.391 — CTEETIT (25)
Ps =105 x exp(17.391 — =) (26)
. S
AP = (¢ X pin) —ps  [AP:Pa] (@7)
__AP(Pa)
AP(atm) = To1325 (28)
— Ap
heona = 1750 X heony X AT (29)
hCOTlV = Olm y AT = TS - TO.l (30)
Gcondens. = Mcona X (Tox — Ts) (31)

3.5.5. Heat load due to resurfacing operation
The operation implemented here after spreading the hot water on the ice surface includes three
stages; first, to cool down the hot water to zero degree centigrade. The energy need for this stage is
calculated as:

Qwater cooling = m X Cwater X (Thot water ~ 0) (32)

Then the refrigeration machine has to cool down the water in order to freeze to ice. The required
freezing energy is calculated as:

Qwater freezing = m X Cfreezing (29)

And finally the ice has to be cooled down to the extent that become equal to set surface temperature
of the ice. The cooling energy required is then calculated as:

Qice Cooling = M X Cice X (0 — Ts jce) (33)

And finally the overall heat load due to resurfacing is calculated as:

Qresurf. = Qwater cooling + Qwater freezing + Qice cooling (34)
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3.5.6. Cooling load due to conduction to the ground (Routa)

Since there is considerable temperature difference between the ice pad and ground underneath the
ice pad, therefore considerable amount of cooling energy of the ice is also conducted to the ground
beneath. The heat transfer due to conduction in to the ground under the ice surface per surface area is
calculated as:

QConduc. = Uins. X (1 - Tice surface) (35)

Where U;,¢ is the U value of the insulation layer under the ice pad and Ts ;.. is the ice surface
temperature.

Refrigeration machinery has to compensate cooling energy loss to the extent transferred to the
ground. At the same time the heating system must also warm up the ground to the same extent to protect
the ground against freezing. Therefore the controllers of the ground heating will maintain ground
temperature at the minimum temperature of +1 to ensure any risk of freezing.

3.6. Cooling demand of AHU’s cooling coil
Dehumidification is mainly implemented during the warm months when the average outdoor
temperature as well as the humidity is high.

QAHU.Cooling = Z\{Varm months[(a X mair X (Ah) X tmonth)] (36)
Where:
a The outdoor air share of the supply air, (assumed to be 20%)

Myir the mass flow of the supply air

Ah the enthalpy difference between the average outdoor air enthalpy of the month and
the required enthalpy of the indoor air

tmonen | total time of every month in hours

The enthalpy of the outdoor air is calculated using the weather data correspondent to the selected
zone where the ice rink is located.

This is done by calculating the average enthalpy of outdoor air and comparing with the enthalpy
of the indoor air which is to be maintained. The calculator chooses the months with higher average
enthalpy than indoor enthalpy as the months which cooling is required. The differentiated enthalpies
(outdoor with indoor) for all the warm months of the selected zone are added.

QAHU.Cooling = (QExternal partition load + eresh air cooling) (37)

QAHU.Cooling = {(QExternal partition load) + (QFresh air X 1.2 % Z(Ah X At)wotrm months)} X
Imperical coefficient for cooling coil position (38)

1000

The empirical coefficient reflecting the effects of cooling coil position is extracted from the
published journal article by the authors. “Energy performance of air handling unit configurations in an
air heated ice rink arena”. This coefficient is either one (2,5) when the cooling coil is located prior to
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the heat recovery or “1” when the cooling coil is located after the heat recovery according to the results
of the published paper.

3.7.0verall refrigeration power demand
The overall refrigeration power of the ice rink required to be generated by refrigeration machines
is sum up of the following portions that earlier calculated:

a) Cooling power for the ice pad is summation of in different load portions calculated in sections
3.5.1t03.5.6

Qice pad cooling power — QConv. + Qrad. + Qlighting + QCondens. + Qresurf. + Qconduc. (39)

b) The cooling power required in cooling coil of the air handling unit was calculated in previous
section 3.6.

Qtotal refrig. power — Qlce pad cooling. + QAHU cooling (40)

For the final refrigeration power a correlation coefficient is implemented reflecting the effects of
the temperature gradient on the total heat load of the ice pad.

3.8.AHU heating demand
The overall heat loss is equal to heating energy requirement for space heating of the ice rink and it
is calculated using the summation of the previously calculated values as:

Qconw. Convection heat transfer
Qraa. Radiation heat losses of the ice pad
Qcondens. Condensation heat load
Qcooling effects of ice pad = QConu. + Qrad. + QCondens. (41)

The overall required heating energy has to compensate the external partition heat loss, the heat loss
through the cooling effects of the ice pad and the fresh air heating as described in the following equation:

QAHU heating = QExternal partition + Qcooling effects of ice pad + QFresh air heating (42)

QExternal partition Heat loss of the External envelope of the Building to
outdoor

Q4HU heating = QaHU heating X (emperical coef ficient for location of cooling coil) (43)

The empirical coefficient is extracted from the published paper by the authors and it is either

3.9.0verall heating demand

The reason for excluding the thermal radiation of lighting (Q;;gnting) and the resurfacing (Qresurr.)
loads is because the cooling loss of them are compensated by the generated heat of lightings and
resurfacing hot water heat respectively.

The total heating power required to be delivered by the AHU heating coil is the summation of:

Qtotal Heating — QAHU heating + Qhot water + Qground (44)
Qground: energy loss due to thermal conduction of ice pad in to the
ground
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3.10.  COP calculation

The coefficient of performance (COP) for the entire cooling system is a key factor for calculating
energy consumption. The COP of the cooling system is a function of several variables such as pumping
power, the brine pumps, chiller, compressor and condensers etc. Andrea found that the volumetric flow
and the pumping power corresponds to approximately 7% of the total electric consumption, and
therefore the COP is not very sensitive to the volumetric flow. But the brine pumps, chiller, compressor
and condensers account instead for the remaining 93% of the electric power consumption. Also
choosing an optimal brine fluid, the secondary refrigerant, is instead crucial to achieve a higher COP.
as the COPsys, through the cooling power, is particularly sensitive to the specific heat of the fluid. It is
found that ammonia gives a higher COP than ethylene glycol, the latter to be preferred in any case at
concentration between 20% and 34%. Therefore, choosing an optimal secondary coolant is determinant
for a higher COPsys, which is particularly sensitive to the specific heat of the brine. It is concluded thet
ammonia is more performing than ethylene glycol, and that glycol at concentration between 20% and
34% is to be preferred in any case. Design possibilities regarding pipe size and depth inside the concrete
slab confirmed that do not enhance nor hinder the process significantly. However, increasing the
number of pipes provides with a more uniform temperature profile at the ice surface. [Andrea]

This is normally obtained from the manufacturer of the refrigeration plant’s machineries when
purchased. The COP has to be fed as input to the first page of the tool by the users.

3.11.  Total Electricity demand of the refrigeration plant
The overall electricity demand of the refrigeration plant is calculated using the total refrigeration
load (described earlier in details) divided by COP of the refrigeration machines.

Total ice rink heat load kW = total heat load of the ice per surface area x surface area /1000

Heat load of the ice pad (kW) n cooling power of the AHU (kW)
COP cop

Required electricity power (kW) = { } (45)

The yearly consumption of the refrigeration machineries are calculated as:

Total cooling powerx24X365
gp (46)

Total yearly cooling consumption (MWh) = 1000

3.12.  Correlation factors

There are some uncertainties in the building which cause inaccuracies in the calculation results.
They relate to the factors that either cannot be accurately considered in the calculation process due to
anonymity or make the calculations complicated if considered. For instance, the radiation heat transfer
of the ice pad with the indoor environment plays major role on the indoor heat loss. But in the calculation
tool the radiation heat loss is simplified by one dimensional calculation taking in to account only ice
pad and ceiling surfaces. But, in fact all the indoor surrounding surfaces are in thermal interaction with
the ice pad and they are simply ignored in the calculation, such as walls, as well as occupant’s exposed
body surfaces. As radiation heat transfer plays considerable role in the total cooling and heating energy
demands, any inaccuracies on calculating radiation heat transfer makes the final results inaccurate.
Therefore the correlation factors are required to cover the discrepancies between the calculation results
of the heating and cooling demands with the experimental results which is assumed to match with
simulation results. These correlation factors are implemented for total AHU heating demand, AHU
cooling demand and total refrigeration plants. These factors mainly follow the results of earlier
published article by the authors covering the gaps between the calculation results of energy demands
and the presumed real demands. The factors fluctuate linearly with the temperature gradient of the arena.
The general form of the correlation factors are describes as:
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Y=aX+b 47)
When “Y” is the final correlation factor, “X” is the temperature gradient, “a” and “b” are constants.
The exact correlation equation applied for the AHU heating is:
Y = 0.86 + (Temperature gradient x 0,14)
The equation applied for the AHU cooling is:
Y =1+ (Temperature gradient X 0,1)
The exact equation applied for the zone cooling is:

Y = 0.9 + (Temperature gradient X 0,05)

4. Output results

The output data are shown in a separate page called as “Tulokset” which is is depicted in the
following FIG.3. It also includes supplementary pie curves for heating energy consumption, electricity
consumption, presenting contribution of each parts and entire energy consumptions presenting
contribution of district heating, electricity and exported energy:

J&gradan |1dmpsdhavid [MWh] 133,7|l&4radan |&mpshavio

Lammin k&yttévesi [MWh] 34,9|L&mmitys 5 °C --> kiyttdveden l&mpétila 55°C
J&&nhoidon l&mpim&n kéyttdveden kulutus [MWh] 67,8|Lammitys 5 °C --> jé&inhoitoveden |dmpétila 30°C
Lumen sulatus [MWh] 72,4|Lumen ldmmitys -5 °C > +1°C

Routa [MWh] 28,0|Pit33 maapohjan jadtymisldmpdtilan ylapuclelle
f f T External partition loss+Fresh air heating+ coolin,
I hdon Jalkil vs [MWh] 408,2 Lfthe iceF:)ad] are icluded. ¢ )
Yhteensd [MWh] 607,3 [ [
Hyédynnetty lauhdelimps [MWh]

Hyddynnetty lauhdeldmpd 255,0|

Kylm#koneiston kulutus

J&&radan |1mpéhavién teho [kW] 61,2

Kylmé&koneiston sahkdteho [kW] 27,7

lImanvaihtokoneen jééhdytyspatterin ja&hdytysenergian kulutus [MWh] 70,8

Tuotettu jidhdytysenergia [MWh] 607,1

Tuotettu lauhdeldmpd [MWh] 850,0

Sihkéenergian kulutus - [MWh]

Kylm&koneiston sdhkdenergian kulutus 242.8

Valaistuksen sdhkéenergian kulutus 49,8

lImanvaihtokoneen s&hkdenergian kulutus 33,5|0letuksena yksi puhallin tdydelld teholla
Yhteensd [MWh] 326,2

Kokonaiskulutus (ostoenergia ja muualle viety energia) [MWh]

S&hkd (ostoenergia) 326,2

Kaukoldmpb (ostoenergia) 352,3

Lampda myyty [MWh] 0,0

Yhteensa [MWh] 678,4

Fig. 4. Overview of the output page of the tool "Tulokset"
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Lampdenergian kulutus MWh
5%

u Lammin kyttovesi [WMWh]

= JEEnhoidon |Empiman kiyttoveden
kulutus [WahH]

» Lumen sulatus [MWhH]
Routz [MWh]

= |Imznvaihdon jElkEmmitys [MWh]

10% Séhktenergian kulutus

15% = Kylmakoneiston s8hkoenergian
kulutus

= Valaistuksen séhloenergian kulutus

= |Imanvaihtokonesn s8hkdenergan
kulutus

Kokonaiskulutus (ostoenergia ja muualle viety
0%_ energia) [MWh]

u 53hkd [ostoenergia)
» Kaukolampd (ostoenergia)
u Lampda myyty [MWh]

Fig. 5. Pie curves of heating energy, electricity and total imported/exported energy consumptions

The more essential parts of the output results are heating energy consumption, utilized condensate
heat, cooling energy consumption, refrigeration plant’s power consumption, electricity consumption,
overall consumptions and yearly costs of energy as they are specified with different colors in the output
page of the tool as shown the figure . Each of the parts are described with the details in the following
sub-sections.

4.1.Total heating energy consumption [MWh]
The total heating energy consumption is calculated by the summation up the previously
calculated/described items as:

Overall heating energy required to be supplied (MWh) = External partition losses +
Heat loss due to cooling ef fects of the ice pad + fresh air heating +
heating energy for domestic hot water + hot water energy required for resurfacing +
Heating energy for freezing protection of the ground under the icepad +
Heating energy for snow melting(if applicable) (48)
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Total required ventilation heating (MWh) = External partition heat losses +
Heat loss due to cooling ef fects of the ice pad + Heating required for fresh air heating
(49)

4.2.Total produced cooling energy [MWh]
The total cooling energy of refrigeration plant is calculated summing up of various parts of yearly
cooling energy demands as:

Total cooling energy demand = {Cooling energy demand of ice pad +
Cooling energy demand for dehumidification +
cooling energy demand to compensate summer heat load of external partition}  (50)

Cooling energy demand of ice pad = Total calculated heat load of the ice surface X
correlation coef ficient to reflect ef fects of temperature gradient (51)

4.3.Recovered Condensate heat [MWh]
The total produce condensate heat is calculate as summation of the items which were calculated in
the earlier steps as:

Produced condensate heat = {Electricity consumtion of refrigeration machineries +
Generated cooling energy} (52)

The electricity consumption of refrigeration plant is calculated by:

Electricity consumtion of refrigeration machineries [MWh] =
refrigeration machines power X 24 x 365/1000 (53)

The percentage of recovered condensate heat which was provided by the user in the first page as
input data is used to calculate the share of utilized condensate heat simply by multiplication as:

Recovered condensate heat = {percentage of recovered condensate heat X
Generated condensate heat} (54)

4.4 Electricity Consumption - [MWh]
The overall electricity consumption (EI) is calculated summing up each parts of electricity
consumption which also discussed in earlier sections:

Electricity consumption of refrigeration plant
Electricity consumption of lighting

Electricity consumption of ventilation machines

__cooling power of the Icerink | cooling power of AHU
ElRefrigeration - COP + CcoP (55)

Eliighting = lighting pawer (W) X Lighting utilisationfactor X tiotal time (ny (96)

EZAHU = 1:25kW/m3S X SFP X Qv X ttotla times h (57)
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4.5.Annual consumed or sold energy [MWh]

The overall electricity is calculated as the following equation: The overall consumed electricity
calculated by summing up electricity consumption of refrigeration plant, lighting and AHU fans power
consumptions.

Overall Electricity Consumption [MWh] = {E IRefrigeration + ElLighting + El AHU} (58)

The overall electricity consumption is considered as purchased electricity as there is no on site
electricity generation.

Since the total required heating energy is calculated as in section 4.1, and the total generated and
recovered condensate heat is calculated in section 4.3, then the overall purchased or sold district heating
energy is computed using a simple if-then logic. It is implemented so that if the recovered condensate
heat is greater than the overall required heating energy then it subtract them and the resulted additional
heat will be shown as sold heating energy. If the recovered condensate heat is less that the overall
heating energy demand then it subtract them and the resulted additional would be purchased district
heating.

Qpurchased—pu = Overall required heating energy — recovered condensate heat  (59)

Qsola—pH = recovered condensate heat — Overall required heating energy (60)

4.6.Annual Energy Costs

The primary energy factors (PEF) or weighting factors) in Finland are required in order in order to
calculate the annual energy costs of the ice-rink. These factor for various energy forms in Finland are
as follows:

The primary energy factors in Finland according to the latest guideline are as follows:

Electricity: 1.2
District heating 0.5
District cooling: 0.28
Renewable fuels: 0.5

Table 2. Primary energy factor in Finland

The annual energy costs (purchased or sold) are calculated using each of previously calculated
parts of purchased (imported) or sold (exported) energy multiplied by subsequent energy prices [€/kWh]
which provided by the user as input data.

The E-value (E-luku) is finally calculated summing up costs of each form of energy multiplied by
its subsequent primary energy factors in Finland as following equation:

Overall E value[MWh/m? x a] =
{(Yearly Elctricity costsxPEFg;) +(Yearly Distric heating costsXPEFpy)+--}

(61)

Total building area
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5. Examples:

The EP-value of the following example is calculated with two alternatives:

1. excluding the energy consumption for refrigeration process and subsequently excluding
heating energy required to compensate cooling effects of the Ice pad

2. including the energy consumption for refrigeration process with the heating energy
required to compensate cooling effects of the Ice pad

And we will show the differences between the realistic and the official E-values for such spaces
like ice rinks where the process dominates.

As an example we assume a building with the dimension of 65 x 35 x 6 m, the ice pad size 31x58m,
the occupants counted as 20 players and 100-500 spectators, with the indoor conditions as average
temperature of +8°C and the maximum relative humidity of 60%, with minimum ventilation rate of
2dm3/(s.m2)~4 m3/s, the outdoor air fraction of 5% of the ventilation rate, minimum lighting of
minimum lighting of 10 W/m2, with usage factor 25% and domestic hot water consumption is 500
dm3/(m2 a).

The results of E-value calculation using the tool and excluding the energy consumption for
refrigeration process and heating energy required to compensate cooling effects of the Ice pad is :

External partitions heat loss: 58800 kWh/a , ~ 25,1 KWh/(m? a)
Ventilation heating: 404200 kWh/a , 26,33 kWh/(m? a)
Electricity:

Lighting: 49800 kW/a, 21,9kWh/(m? a)

For the Ventilation fans: 33500 kWh/a, 14,7 kWh/(m? a)
Domestic Hot Water

DHW: 34900 kW/a, 15,3kWh/(m? a)

Total Heating Energy consumption = 25,1 + 26,3 + 15,3 = 66,7kWh/m? a)
Total Electricity consumption = 21,9 + 14,7 = 36,6 kWh/(m? a)

E — Value: [1,2 x (total Electricity)] + [0,5 x (total Heating)]
E-Value: [1,2x36,6] + [0,5x 66,7] = 77,27kWh/(m2 a)

E — luku: 77,27 kWh/(m2 a) = "A" class in energy performance certificate

The results of E-value calculation including the energy consumption for refrigeration process and
heating energy required to compensate cooling effects of the Ice pad are as follows:

Cooling Energy demand due to cooling effects of the ice pad:604600 kWh/a ~ 265,8 kWh/m? a
External partitions heat loss: 58800 kWh/a ~ 25.1 kWh/m? a
Ventilation heating: 298200 kWh/a ~ 179,6 kWh/m? a
Heating energy demand of DHW resurfacing included: 102700 kWh/a, 45,1kWh/ (m?a)
Electricity consumption of the refrigeration plant: 241900 kWh/a ~ 106,3 kWh/m?a
Electricity consumption of lighting: 49800 kW/a, 21,9kW/(m? a)
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Electricity consumption of Ventilation fans: 33500 kwh/a, 14,7kWh/(m? a)
Total Heating Energy consumption:  =25.1 + 179,6 + 45,1 = 249,8kWh/(m? a)
Total Electricity consumption: =14.7+ 21.9 +106.3 = 142,9 kWh/(m? a)
E-Value: [1.2 x (total Electricity)] + [0,5 x (total Heating)]
E-Value: [1.2 x (142.9)] + [0.5 x (249.8)] = 296,4 KWh/(m? a)

E-Value: 296.4 kWh/(m2 a): by factor 3,8 times higher compared to E-value 77,27 when
refrigeration process is not included in the calculation.

Hallitilan [ampdhavio

m Q_ulkovaippa [kWh] (external partition Heat loss)
m Q_jaarata [kWh]

Fig. 6. Heat loss through external partitions and due to ice pad

The official E-value calculation takes in to account only 31% of the required heating which is the
heat loss through the building envelope, fresh air heating and all other heating demands of the building
except the cooling effect of the ice pad.

Lampoenergian kulutus MWh

N

m Ulkovaipan ldmpohavio [MWh]

m Jddradan lampohavié [MWh]

® Ldmmin kayttovesi [MWh]
Jaanhoidon lampiman kdyttéveden

kulutus [MWh]
= Lumen sulatus [MWh]

= Routa [MWh]

10%
® [Imanvaihdon jalkilammitys [MWh]

/
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Fig. 7. Heating energy consumption where most of the heating energy is not accounted

10% Sahkoéenergian kulutus

= Kylmdkoneiston sahkdenergian
kulutus

= Valaistuksen sahkoéenergian kulutus

= [Imanvaihtokoneen sdahkdenergian
kulutus

Fig. 8. Electricity consumption scheme and contribution of each sector

Kokonaiskulutus (ostoenergia ja muualle viety
0% energia) [MWh]

= S3hko (ostoenergia)
= Kaukoldmpo (ostoenergia)

= Lampda myyty [MWh]

Fig. 9. Overall imported/exported energy scheme

The refrigeration plant of the ice pad consumes 75% of the entire electricity consumption as shown
in Fig.8. But it is not also accounted when official E-value is calculated. The official E-value represents
approximately 30% of the primary energy use only.

Finally, The ice pad is the major cause for the heat loss due to cooling effects of the ice pad to the
indoor environment of the building. Therefore, the heating supply because of the ice pad dominates the
entire heating energy demand of the building. On the other hand, the refrigeration plant of the ice pad
is also the major consumer of electricity in the ice rinks (fig.8.). Therefore together consumed energy
to generate required cooling power as well as supplied heating energy to the building because of the ice
pad dominate the entire energy consumptions in the building. It subsequently causes big discrepancy
between the real versus the official EP-values.
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