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Evaluation of Energy Saving Measures in Ice Rinks

ABSTRACT

Ice rinks are among the biggest energy consuming buildings, which also mean that there is a big potential
to save energy in ice rinks. Saéaeraknergy saving measurembatsebeenapplied According to the

hed load share in ice rinks, radiation heat accountsigjogpart. One of most practical way to reduced
radiation heat on ice surface is to install a low emissivity factor ceiling to stop the radiation. Many
referenceéW.Blades, 1992; Laurier Nichols, 2009; Ontario Hydro Technologies, 1999; Jack Vivian, 2008;
Energie Innovation INC, 1992; Manitoba Hydro, 1999; ORFA, iddd&tedhat this kind of ceiling

could reduce theadiation load by 80 to 90%, lights level could be improved by 20% to 50%. But few of
the referencebaveindicatedhow much energy can be saved in reality usage-efckilingin this

thesis, love ceiling which has been installed in Alta ice rinkeleasstudied and evaluated from two
aspects: how much radiation has been reduced and how much light level has been improved under both
cold and warm peried

The installation of low ceiling has also been analyzed by applying different scenariog) aocordin
different ways to install it and the material has been useedeaseitingln order to analyze tremergy
consumption and energy saving measuria ice rink, temperatures has been measured in different
locationsby thermal couples and IR sensérse resulicalculated from the measuremestisws the
radiation to the ice surface calculated in cold andpesiots is reduced by no more tha2%which is

not as much ahe referencéLaurierNichols, 2009as statedl0% reduction of total heat load on ice
surfacds estimated helight level is improved 24% in averagk. also shows that it is better to install
low eceiling directly attached to the original inner ceiling to iaeaoédsing ceiling temperature in the
cold period.

The two types of dehumidifiers are studied in this thesis, too. The energy consumption of sorption type
dehumidifier in Alta ice rink and refrigerant type dehumidifier in Norrtalje are calculated aed.compa
The energy consumption of Alta ice imR011 is about 150 MWFhe result show$at sorption type
dehumidifiehashigher average daily energy consumptionoiricewvrinks irthe studiedperiod. But it

depends on how much air has been treatedthad factorsthereforethis thesis gives a general idea
about the energy consumption of dehumidifiers. Contralloghumidifier and relationship between the
outdoor air water content and energy consumption in Alta ice rink are digousseda sult it is

better to control dehumidifier by water content or dew point of air.
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1 | ntroduction

Throughout thénistory the use of energy has been central to the development of human society. And
from very old times, people start to harness the concentrated energy contained in fdsisi fuel
brought people into an industrial woHtbwevey there is growingealizatiorthat the world energy
systemneed to be changed based on a-eng developmen&o people started to find access to
sustainable energihere are mainly two aspects of the access: have sustainable energy sources and
improve the energy efficiency inrent situation.

Ice rinks are highly enefigiensive system#ichcould greatlpenefitirom the energy saving measures.

It was predicted that trennualenergyrequiremenbdf an ice rinlwith the size of 64.2m*41.5m*9.2m

could be from 2000MWh to 4000M\{ttotfi Seghouani, 2008ach yeaAnd in Sweden, the average
annual energy consumption of ice rinks is 1185 MWh/year and the total energy consumption of ice rinks
in Sweden exceeds 300GWh/y&argstam2010) The heat loads share in the total heat load is showed
below.

Header pipe
Brine pump 5%
6%

Ground
5%

Skaters
4%

Figure 1Heat loads shares in the total heat loaith ice rink (Karampour, 2011)

There are many existing energy saving technologies forsieecorkling to different kind of heat loads.

For example, heat recovery on exhaust to recover the entitgexhaust air which could have a
significant improvement of the whole energy balance of building, efficient lighting system which is
estimated thhave a potential of 50000 kWh per year, dosiliag which reduce the radiation by 15% on

the refrigeration equipmgh&urier Nichols, 200Q9)

1.1 Objective

The objective of this paper is to evaluate the energy saving measures in ice rinks. To reach this aim,
several subbjectives should be obtained.

1) Studyliterature on the specific methods and ideas behind the saving measures in ice rinks
or similar applications.

2) Evaluation of at least two ice rinks with ClimaCheck instrumentation enabling monitoring
the cooling capacity/ice rink heat load.

3) Evaluate the imallation of a love ceiling in Alta ice rink with resjgdot
Energy saving by reduced heat radiation

Potential energy saving by improved light



Evaluation of Energy Saving Measures in Ice Rinks

4) Experimentally evaluate dehumidification methods in ice rinks: Sdyptéon&
Refrigeration type, andevklop a quick method to do an onsite status check of a
dehumidifier

1.2 Methodology

The methodology has been divided into several steps according jecthe®b The thesis work will

start with the literature review of iit& design technologies and existing saving technologies used in this
area. The obtained theoretical information wil/
results,obai ned during the realization of o0StoppSIadd

All the acquired information will be analyzed using qualitative methods. The analysis results will be
supplemented with the experimental studies in order to define most promising energy saving methods.
Finally both the experimental data and analysis results will be used to identify the energy saving actions
and potential.

1.3 Scope and limitations

In this paper, the ice rink is studied from the energy aspect and the main interest lies in the refrigeration
system. Two main parts are discussed: low emissivity ceilagéiting) installed in Alta ice rink and
dehumidification in both Alta and Norrtalje ice rink. Because the measurement before installation of low
e ceiling is only available in June 20lthese is no exactly parallel data to compare. So the data is
compared with the later month August 2011. For the dehumidification part the measurement of air goes
in and out of the dehumidifier is lack. So the technical parameters are used for caltiation.
measurements for the condensed water flow are not reliable becariaaieichnical problemelated

to piping so only the daily energy consumption is used to compare the two different types of
dehumidifier.
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2 Background

2.1 Energy system inice rinks

An ice rink can be considered as a big fridge which contains certain temperature level ice inside. As in this
thesis, the energy system boundary is set as ice rink includes the whole ice rink envelope and the outdoor
cooling coil and fans, whi is comprised of ventilation system, heating system, refrigeration system,
lighting system etc. And the main part of the energy system for a conventional ice nefikgertiten

system wich is showed ifigure 2. The icdayeris maintained by the secondary refrigdéramt the

refrigeration unit and the heat rejected by the refrigeration system is recovered by the heat recovery units.

Cooling coil

Rink ;l)fping

Coolant
Pilmp

[
Refrigeration Liquid

unit pump

Figure 2 Refrigeration plant in ice rink, indirect cooling systen(lIHF, 2011)

There are basically ttypesof refrigeratiorsystensolutiongn the ice rinks: direct and indirdntdirect
refrigeration systenthe rink pipe is workirag the evaporator while a heat exchange is used between the
evaporator in refrigation unit and rink pipe in indirect refrigeration system. Theyéres maintained

by the secondary codlamtherinkd giping networkFigure 3 shows the skedies of direct and indirect
systems.

Kylmedelkylare

f ) Kondensar /—\

Isyta [ Férangare

e

Figure 3 Indirect (left) and direct (right) refrigeration system

Althoughadirect system is simpler with higher efficietscgtpplication ismited by the healidnd safety
regulations due task of refrigerant leakader example ammonia in several countries. Furthermore, a
standard industrial refrigeration unit can be used in the indirect system which gives more flexibility to the
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choice of refrigeran$lHF, 2011) Ice rinks noadaysare built with an indirect refrigeration system
mostl.

2.2 Energy saving measures in ice rinks

Considering that ice rinks are usuatinsiveenergy consumers, thetential forenergysawng might be
considerableAccording to(Laurier Nichols, 2009h ASHRAE, a general surveyowhd that the

standard energy consumption in Quebec, Canada is 1500000 kWh/year. And the most efficient arenas are
consuming 8000000 kWhl/year while the less efficient ones conguimiag energy as the efficient

ones. Different kinds of energy savingsones can be carried out according to different sections of the
break down energy consumption. A breakdown of th@sendneggconsumption is showed in the

Figure 4 (Laurier Nichols, 20Q9)

Domestic hot Fans Other  heat
water and 5% _\ 2%
surfacing

7%

Pumps
7%

Inefficient Rink

Figure 4 Breakdown of enduse energy consumption in ic&ink (Laurier Nichols, 2009)

a) Heating
Heatingwhich represerstone of the biggest single energgsumptionis also the biggest potential of
energy saving
Adjusting air temperature

The air temperature inside ice rink varies a lot from areas to areas. In the auditorium area, the air should
be warm for people watchiggmes there, but in the icenaréhe air temperature should betso high

which will add heat load for refrigeration system. So it is very important to have a suitable air temperature
to avoid having high load both in heating and refrigerationsystem

Heat recovery

As an average, more than 2000 kWh of heat is generatedtd®plin@each day. This amount of energy
is more than enough for the daily heating requirertier®urce, 2010)f all this exhaust heat is
gathere@nd reused, there will be a significant reductf@nergy consumption in heatilrgaddition of
space heating, the recovered heat can also be used for the subfloor heating, hot-sateciog rend
dehumidification.

b) Refrigeration system

-11-
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Ice plam, which comprise of refrigeration system and pipystem is the secondlargestenergy
consumption. And it is the main consumption for electricity in ice rinks.

/ce thickness

The ice should be thick enough to support the skaters. But if it is toth#iekjgeration systemiill
beworking more than necessanglenergywill be wastedSo it is necessary to optimize the thickness of
ice.

Add variable-frequencydrives (VFDs)

The motor output will be matched to the real rime load, which could reduce the energy consumption of
brine pump and condenser by reducing the pump speed when possible.

Improving the water quality

Less puref water used for making ice, lower temperatuexjuired to freez8alts in water will lower
the natural freezing temperature of water, which requires lower brine temperature, using more energy.
The purity of water is critical to thedemlity, too. The ice made of impure water breaks up mbye easi

Low emissivity celflings

Radiation from ceiling to ice rink imajorheat load on refrigeration system (nearly 30%), which give a
largepotential for reducing heat load. By installing ceiling with low emissivity factor, the load from ceiling
can be rduced significantly as well as the improvement of lighting inside ice rink.

c) Lighting system
Improving lighting system is an easy and inexpensive way to reduce the energy consumption.
Change light intensive

Change the light intensive with the activitikisig place. Some professional hockey games may require
high intensive of light but not for the normal ice skating. So adopting the lights to the activities could
reduce the energy consumption of lighting system as well as reducing the load on ice pad.

Upgrade lamps

Use better fluorescediaimps such as higlerformancd8 lamp system which can improve the lighting by
70-80% compared to T12 system.

12
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3 Evaluation of | ow -e ceiling

3.1 Introduction

Radiant energy is the energy of electromagnetic wavesding to Federal Standard 1037C
(Administration General Services, 199@jways flows from high temperature object to low temperature
object (McBride, 2005)in the ice rinks, the radiant héatransferredirom the ceiling to the low
temperature ice boarfhe radiant heaon ice surfacaccounts for around 30% of thealoheat load,
which shows krgepotential of energy savifidatural Resources Canada, 28GHREA, 1994)

When the radiation reached the surface of a black body, it will absorbed completely by the ldaick body.
a greybody, the radiation reachessurface and then part ddiationwill be reflectedand leave the
surface Emissivityfactor is the parameter whishows the relative ability ofnetting the energy by
radiationWikipedia, 2012)

Radiosity, W

Impinging radiation

Emission, g
~
; Reflection, R

:! Absorption

Figure 5 Radiation on a grey body surfacéD.Manca & M.Rovagligp02)

Also there is radiatimxchangbeetween each surface when referrirgnémclosure with more than two
surfacesf grey bodies

Radianenergy can be estimated by the equation contains of emissivity factor and tediffferagre

of two objectivesThe most practical way to reduce radiant energy could be to install a shield between the
ceiling and ice surface stop the radiantThis kind of shield is commonly refeed to as of low

emissivity facto©ne ofthese applicatiorislow emissivity ceiling.

Low emissivity ceiling is a ceiling with low emissivity material which has a very low potential to transfer
radiant heatJsually the normal material could havemissivity factor of 0.9 which means they are 90%
efficient oftrarsferringtheir heat to other objectdnd a good love ceiling is madsf materialsvith

emissivity factor of 0.08hichmeans 3% efficient of transferring heat to other objects.

It is constructed of aluminum foil, fiberglass andefistant materidt. can be installed close to the
ceiling or suspended from wires as a horizontal Bigeee 6 is the lowe ceiling installed in Alta ice
rink.
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— A t ‘ .

Figure 6 Alta ice rink with low e-ceiling

Severatelated references haanouncedhat low emissivity ceiling has significant effect on reducing
radiant heat load on ice surface. It shows 15% to 30% of energy saving on exftigaraartand 80%

to 90% of the original radiant heat Id@d.Blades, 1992; Laurier Nichols, 2009; Ontario Hydro
Technologies, 1999; Jack Vivian, 2008; Energie Innovation INC, 1992; NMbuitohd999; ORFA,
2008) It is also said thalhe light levels in the ice rink could be improved by 20% to 50% after the
installation of love ceilingICECO, 2009; W.Blades, 1992)

But few ofthe referencelsavereferred tahe details of how much energy could be saved by tee low
ceiling in practical ude.thisreport the practical energy saved bydaseiling will be evaluated in two
aspects: reduction in radiation and improvement of illumirgtiecould illustrate theractical effects

of low-e ceilingn ice rinks and give a more specific understanding-efdeiling

3.2 Radiation

The main contribution of lowailing is to reduce the thermal ramhiatiom ceiling to ice surfactn
order to calculate the radiation from ceiling, a calculation model igduiitk is considered as an
enclosure withhtee surface§igure 7).
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Ceiling(2)

IR

Ice board(1)

Figure 7 Sketch of ice rink

As a multiple surfaces case, there are radiation exchanges between each surface. The radiation heat
transerred to the ice board is from both ceiling and walls.

3.21 Assumptions

In order tosimplifythe problem, the walls are considered apieneblack body(surface3), and the
curvedceiling g¢urface 2is hanging above the ice board (surface 1).

3.2.2 Calculation  model

For a three surfaces enclosure, the radiation exchange between surfaces is complicated. The net radiation
exchange at a surface is the rate at which the energy is transferred to the surface to maintain it at a
constant temperature. The raliation can be expressed by the folloggogtion:

Net radiation on a grey body surface

0 — 00p & w (P.Incropera & Witt, 1990)

Radiation resistande: p - 7- 0

WhereO is the emissive powerjs the radiosity over the surface which is the term accounts all the
energy leave the surfaces the emissivity factdr,is the area of the surface.

This could be represented byrbevork element dfigure 8.

Surface | E.; .

Figure 8 Surface resistance to radiation
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Considering two surfaces in an enclosure the exchange radiation between them can be expressed by the
following equation and can be represented by the net elements also.

- 0 U
U ;
Y
. p
Y ™ o~
0’0
Whereo is the area of surfa®, is the view factor between two surfaces.
Epi Q'
i J =, Jj
—/W-.W—%— Ebj
R; R R;
Surface i

Surface j
Figure 9 Exchange radiationin a two surfaces enclosure

And the exchange radiation of the surface should be equal to the net radiation which gives following
expression.

O 0 L 0
Y Y

([et]

As in the ice rink case, there are three surfaces which could be repretenteztwork below.

J1 J2

ice(1) | R1 R12 } — R2 | ceiling(2)
Eb1 ‘ - < ) Eb2
£
3 S
\\'p{p /‘3’
J3
wall(3)
Eb3

Figure 10Represented network of radiation between three surfaces

And referring to the rule of radiation exchange between surfaces, for surface 1

. O 0
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Where O .Y
Y p - ¥ 0O
Y 00
Y 00
o O Y
0 is the area of ice rink

0 p 'O
"O is the view factor between walls and ice board which could be cdlgullagethternal functioim
EES.
Radiation exchange between surfaces, for surface 2

O 0 U 0 U
p - T-0 00 00

E o
WhereO .Y

o~ 0

O o0 00 090 6—0

0 p O

And by using equation (2) and (B)andy can be solved. Putinto equation(1), the radiation
transferred from the other surfabesan be calculated.

The exchange radiation between ceiling and ice surface can be calculated by the following equation

6 U U
Y
The radiation from ceiling is
- (0] )
RS A
And the radian from walls is
0 0 O

3.3 Measurements
In order to evaluate the whole energy system in icextiehsive measurememds/e been carried out.

First emissivity factor déw-e-material igneasured. It was laboratory teg®&edung, 2018ndthe
results showed thew-e-material has an emissivity factor of 0.26.

Referring to the temperature measuremer@gemperature of ice surface and ceiling are mebgured
two IR sensos bonded togethelocatedon the bar7.5 m above the ice surfa@dere is also a
temperature sensor underneath theTivedataof the rest parameters needsglread from @haCheck
which is based amn information system integrated with different measurements in.itieisinised to
inspect the performance of refrigeration system. For a simple refriggstéomKigure 13, the
performance of system is determined by thefrdataseven temperature sensors, two pressure sensors
and one electrical meter.

-17-
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Temp. kondensor in Temp. Kondensor ut
A

Temp. kompressor ut
Tryck kompressor ut

4 Aktiv effekt kompressor
T

i ] AL
expangznms%enﬁl in X CI l ma C heCk UO[\
\Y

Tryck kompressor in
Temp. kompressor in

v
Temp. Férangare ut

R

Temp. Férangare in

Figure 11Climacheck Basic Instrumentation Configuration

The section view of the ice rink is showed bélbaiocation of temperature measuremene marked
with redboxesn Figure 12

s low e-ceiling
PR —
B Y

//"//f o A light
:::::(':::::—:;--7 / IR sensor (A)
[ | —

Hygrometer

28m

o
vl 3
o388 Ice thickness 30~  Temperaturemeter®)
em

30n
e ®a

(L 2.4

Figure 12Location of temperature measurement equipment

The IR sensoused i€ExergenRT/C.01-K-80F/27Cwhich is a prealibrated sensor normally used for
the temperature range 68 with a field of view of 1:Themeasuredeiling temperature bgtween
2 to 2@ and that of ice surface is roughly betw8eto -13 which means it is not in the usual

temperature range of sen&w.correction of temperatureaguiredAnd the emissivity factor of the IR
sensor used are get as 0.9.
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3.4 Scenarios

In order to study the effect of lowceiling for the whole year, both wand eold perioglin Stockholm

are studied. The data from August is used to represent the warm period and December for cold period.
The data from June is the only data available befarstdllation of low-eeiling so it is also analyzed as

a reference.

Evenif you have a very gopdoduct you vill not get anypenefitdfrom it unless you use it propeltyis
the same with low ceilng, howit is going to be installézivery important.

Whereto install the love material after buying will make some differences when it comes to the energy
aspectUsually there are twsituationsinstall the lowe ceiling with gap between the ice rink original
ceiling and the low ceiling or installed it ditigcattached to original ceiliddso there are differences
among ie rinks, some are with goodulaion and others are nbt order to find out the best way to

install the love cding inice rinks, severstenarioarediscusseth the followindigure(see the scenario

tree below)All of scenarios will be discussed in the report.

base case

low e-ceiling 1

with e=0.26

installed
with gap

low e-ceiling

with e=0.04

with low

e-ceilin -
9 low e-ceiling

with e=0.26

installed
without gap 4
low e-ceiling
with e=0.04

Figure 13Scenarios under different situations

In base casethe ice rink is the one before installation oflawilingBase case is used as a reference.
The original inner ceiling has an emissivity oA@c@rding to calculation model, the ceiling temperature

is required buthe data of directly measured ceiling temperature in this case is only availablhi June.
peiod chosen is August and Decembeth8aeiling temperatures in base case are calculated by the heat
balance over ceilingigure 14 in both warm period (Augustcacold period (Decembeifhe heat
balance includes radiatibatween ceiling and ideansmission between ceiling and outdooarair
convectiorbetween ceiling and indoor. air
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outdoor transmission:Q_tran

ice rink roof

indoor

convection:Q_cv radation:Q_rad

ice board

Figure 14Heat balance over roof

It is worth mentioning thatansmission ifigure 14could be in the opposite direction depends on the
temperature of outdoor air. It is showed by the sign aflits i calculation equation.

Most used roofing structures consighefollowing layerdIHF, 2011)
AProfiled, load bearing steels sheets
AvVapor barrier

AThermal insulation (10 cm to 15 c¢m rock wool)

Cladding, external
- \ + / metal sheet
f’ /

AWater insulation

L
- o Thermal insulation
> >
= Vapour barrier
T Load bearing metai sheet

Figure 15Mostly used roofing structure irice rink

The elements of heat balance across the roof are calculated in the following text:

Radliation

. o " Y Y

L 0 Z 0 z [

pPTT pPTT
6 p
p P P
0 0 0

0 is the black body radiation factor,56FF & 8 —
o] is the ceiling radiation factar , - zQ
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- Tdo(Base caje

- T8 (Case B
- T8t {Casel)
0 isthe ceiling radiation factar, - 20,- T8O U
Transmission
L 0 - 0
B {L

Where Qs thickness of the insulation of rasftimated &&18 m
1 thermal conductivity (rock wool): 0.045 W/r{iTKe Engineering Toolbox, 2012)

1 , Outside Heat transferafticiert of roof with unit oflo ¥ & F0 , this value is the heat transfer
coefficient between outside surface of ceiling and air velocity acco(SHIERA, 2010)4
¢cuw7rta fo

The outdoor temperatuée is read from ClimaCheck.

Convection

0 | z 0 0
The indoor temperatute  is the air temperature in IR position, which is closest measurement of air
temperature taner ceiling, TwXd 10

Inner ceiling temperature calculation:

As combining all the above equations together, the inner ceiling temperature can be obtained.

C
C-
C

Ao 4., 4
t L BT B AT, %
ainner*tinner-l_oiUt C* %m 3 ice 5
a i+i & 100 = ETO s
t ing = /J Gut
g ainner + a /sj 'ii
) G (Wilhelm Wienrich, 2012)

In order to verify the modehe ceiling temperature calculated by this equation is compared to the data in
June, which is measured directly. The results are sh&igrdenlé From the resultene can sathe

model fits well with measuremer8s this will be used to calculate the temperature ofckeiing in

case 3 andid Figurel3
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Figure 16Calculated (heat balance over roof) and measured ceiling temperatgréor a period
between 16 and 17 June

/n case 1 and AZow eceiling is installed with gap between the original inner akitiagink and low

e-ceiling Figure 17), which is the really situationfiltanow. The material of leevceiling in use now has

an emissivity factor of 0.26 ineedsand an alternative material available with emissivity factor of 0.04 is
also studied here in case 2. The ceiling temperature is measured by the IR sensor which needs to be
corrected because of the mismatch of emissivity factor between IR sensae-egitiigw

Original ceiling
Low e-ceiling(2)

Z 7 1 T

Walls(3)

—l

Ice board(1)

Figure 17Ice rink stretch with low e-ceiling installed with gap(Scenario 1 & 2)

In order to correct the temperature from the data read from the IR sensor, a model hamed IR model is
built.
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There are two ways to calculate radiation: by use the physical temperature or readings from IR sensor. But
the radiation calculated by both wagsilshbe the same, so the following equations are obtained.

Qradiation( IR) = Aciing fa(IRs ( T4ceiling( IR - T::e( IR)
Quadiation = Aeiing TS (T ceiling -Ted
Quctaion(IR) = Quactaton

WhereY “O'Yis the radiant temperature measured by IR sensor

Y is the physical temperature of ceiling

“Y is estimated 1 degree higivan the ice temperature measured by ClimaC8egkral pots on the
ice surface were measured and the result shows that the average ice surface temperature is 1°C higher thal
that measured by ClimaCheck.

"Q "OYis the gray body configuration faabtained when the emissivity factor of ceiling and ice are
both set as 1

"Q is the gray body configuration factor obtained when use the real emissivity factor of ceiling and ice
surface(0.95)

In order to make sure that these theoratgtahationssiall working in reality, the air temperature in the
gap betweethe low-e ceilingand really ceiling was measured by inserting a logger into the gap for a
period. And position of the logger was very close to the ceiling, so the air temperature measured th
could be considered as the same as that of teedeiling in a stable situatidfigure 18shows some
equipment to get access to the gap.

Figure 18(Left) connected pipe to support the logger and (right) loggeunsed to measure thair
temperature in gap between original inner ceiling and low-eeiling

The calculated low ceiling surface temperature was compared withrettseined temperaguand the
result is showed figure 19 The result comes out that the calculated ceiling temperature is almost the
same as the air gap temperaweghmeans thaassumptios are correct in this situation
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Figure 19Calculated (from IR model) and measured ceiling temperaturi®r the period between
24h April and It May

In case 3 and dow eceiling is directly attachcdthe inner ceiling of ice rirfkigure 20). There two
cases are studied to know what the effect of the gap between original ceiling egitirigvis. In these
two cases, the ceiling temperature is calculated from the heat balance over ice rink roof.

Original ceiling

Low e-ceiling(2)

Walls(3)

—

Ice board(1)

Figure 20Ice rink stretch with low e-ceiling installed without gap (Scenario 3 & 4)
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The table below showse summary list aburcedor the input parameterBhe ice surface temperatures
are all the same in all cases which iplds the ice temperature reading from ClimaCheck. The air

temperature measured by the logger sitting 7.5m above ice surface is applied as the wall temperature in all
cases. The emissivity factor of ice surface is 0.95.

Tablel Emissivity factor of ceiling surface in different cases

SCENARIOS Ceiling surface temperature Emissivity factor of ceiling surface
Base case Calculated from heat balance over ce 0.9
1 Calculated from IR model 0.26
2 Calculated from IR model 0.04
Calculated from heat balance over ce 0.26
4 Calculated from heat balance over ce 0.04

All these scenarios will be applied by using data in June (before installationceflifayy, August
(warm outdoor condition), December (cold outdawmrdition) to find the effects undelifferent
conditions.

3.5 Results and discussion

By using the calculation model, the radiation load on ice surface was obtained in different scenarios under
different period. The radiation reached the ice surface comes from ceiling and walls, so the radiation from
ceiling and walls waksocalculated.

A. Warm period (August)

In this periodthe measured data fromhl8ugust to 19 August 2011 were usdthe temperature data
from different sensors are with different intervals. In order to unify that, an hourlydataisagsed to
calculate theesultdrigure 21Radiation load on ice surface in warm perio@August)

The input data are listed in the table below:

Table2 input data of calculation model in warm period

Input data

Outdoor temperature Wall temperature

Ice surface temperature Temperature reading from IR sensors
Ice rink indoor temperature Ice surface, loweeiling emissivity factors

Figure 21shows the results of the average radiation load on ice surface of each hour in that period.
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Warm period

80.00

m Q_wall[kw]
H Q_ceiling[kW]

Radiation load on ice surface[ kW]

Base case casel case2 case3 cased June

Scenarios

Figure 21Radiation load on ice surface in warm perio¢August) for different scenarios

The result shows that the total radiation load on ice surface was reduced in all the cases referring base case
as a referencén August (base case) the radiation loglijiglyhigher than in June which is due to the
higher otdoor temperature in August.

According to the results of cdsand 2, when the emissivity factor is reduced from 0.9 to 0.26, the total
radiation load is reduced by 17% lan@2% with 0.04, which is notségnificant as expected. And the
results of case 3 and case 4 are more or less the same as that of case 1 and case2, which means that the g

between the low ceiling and original inner ceiling is not that effective to the whole situation when it is
warmoutside.

As it can be observed frarigure 21, it is reduced significantly. In case 1 and 2, when the emissivity
factor is reduced from 0.9 to 0.26, the radiati@eiting is reduced by 48%. And if emissivity factor is
reduced further to 0.04 in case 4, the radiation of ceiling is reduced by 92% which means there is almost
no net radiation of ceiling. But the total radiation load is not reduced that much.dthitrisntioning

that the radiation of walls is playing a very important role here.

When to look at the radiation of walls in base case, case 1 amifigsee??2], the portion of radiation

of walls are increased drastically while the emissivity factor of ceiling is reducisgowsadhe same

pattern when comparinige base case and case 3, 4. More than 90% of the radiation load comes from
walls when the emigity factor of ceiling is 0.04.

B. Cold period(December)

The cold period results are calculated from the data fréon3Ist of DecemberThe input data is
processed in the same way as in the warm period. The input parameters are also the sper@ds warm
Figure 22shows the radiation load on ice surface in cold period (December).
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Cold period

= Q_wal[kW]

Radiation load on ice surface[ kW]

B Q_ceiling[kW]

Base case casel case 2 case3 cased
Scenarios

Figure 22 Radiation load on ice surface ircold period (December)for different scenarios

The resulin cold period irrigure 22 shows thathere is not much reduction while the emissivity factor
reduces. When the laceiling is installed with a gap between it and original inner ceiling, the radiation
load on ice surface is actually increased as well as the net radiation of ceilingasefac&ven in case

2 that the emissivity factor of ceiling is reduced to 0.04, the total radiation load is only reduced by 11%.
The result is probably due to very low outtiEmperature.

The total radiation load is reduséghtlyby installing love ceiling attached directly to the original inner
ceiling but the reduction is only 4% with ceiling emissivity factor of 0.26 in case 3 and 14% with 0.04 in
case 4.

All these can be explained by the calculation model has be@hergedre two main facsoaffecting
the radiation: the temperature difference between two surfadesamhize considered as the driving
forcefor transferring the radiation heat and the emissivity factor of surfabesowliide considered as
the abilityof radiation heatansferring.

In the base case, the ceiling surface temperature is calculated according to the heat balance over roof, so
when the outdoor temperature is very low, the inner ceiling surface temperature is very low too. But in
case 1, there is an air gapwben original inner ceiling and -weilingthis could form a layer of

insuation for lowe ceiling which makes the surface temperature-efdeiing not affected much by the

outdoor climate, sa is higher in case 1 thain base case. Qsther sile, the radiation transferring

capacity of ceiling surface (the emissivity factor) is reduced. But the reduction oftrausétiomg

capacity cannatover the increase of drive force (temperature difference between two surfaces), so the
total radiatin load is increasdeigure 23).
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Figure 23Temperature and emissivity factor in different cases

Referring to the net radiation of ceibongfacen Figure 22 it is reduced in all the cases beside case 1. In
case 2, the net radiation of ceiling is reduced by 63%, 21% and 84% in case 3 and 4.

As from both periods, the total radiation load is eddiged significantly especially in cold period. But
from the aspect of ceiling surface net radiation, the effect-efdeiling is very impressive. And the
radiation from walls is not ignorable. When the emissivity factor of ceiling is reducealdexety ik

is acting as a mirror and reflecting radiation from other surfaces to ic€Haaasdihy the part of walls
radiation is increasing.

The radiation from walls increase is caused also by the calculation model. All the cases are calculated by
using the same wall temperature and maybe in reality when the emissivity factor is reduced the indoor
temperature and wall temperatireldbein a differensituationperhaps lower

So it is also very important to reduce the radiation from wallsnvb@seithat it becomes the main
source of radiation.

3.6 Light effect

Good quality and effective lighting system are necessary for an ice rink indoor environment. according to
(Karampour, 2011)Yhe measurementof lighting inNorrtélie ice rink showed that the energy
consumption of lighting system accounts for 7% of the total energy consumption based on the calculation
from 2010 to 201l.and another reference indicated one third of the total electricity consumption
(SaskPower, 2007)he normal lamps used in the ice rinks are eseamt lamps.

3.6.1 Light levels

A light level (illuminace leved)usually measured by a ligieter in either foetandles or lux. Foot
candle is defined as the amount of illumination received on the inside susfaoerafiius sphere if
there is a unifon point source of one candela in the exact center of the @fle&ipedia, 2008)\nd

the Sl unit lux is defined as luminous flux per unit(Afiédedia, 2012)1 footcandle equals to 10.67
lux, but usually it is converted as 1-taotdle equals to 10 lux. The following table shows the typical
lighting levels in an ice rink.
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Table3-Typical lighting levels ice rink{SaskPower, 2007)

Location Foot-candles Lux
Auditorium, public space 1020 106200
Curling-bonspiel

Tees 50 500

Rinks 30 300
Curling-recreation

Tees 20 300

Rinks 10 100
Hockey(professional, television) 150 1500
Hockey(pros,university,competitive) 100 1000
Hockey(amateur) 50 500
Hockey(recreational) 2530 250300
Stairs 10 100
Main entry 5 50
3.6.2 Lighting improvement by low e - ceiling

Table3 shows the distribution of a typical 100 watt incandescent lamp. From the table one can say most
of the energy input is converted into radiated heat which increases the load of coolimgjcysteuhd
be a good chance to reduce the heat load.

The lights is first reflected off the ice surface and then reflected by the ceiling. It continues to bounce
around until it is eventually absorbed. Lawiling is a piece of aluminum foil which iisistp silver. It

will improve the reflection of light from ceiling. Thisse of light could reduce the number of lamps

while improving the light level, and then redbe load for cooling system.

Tabled Energy distribution of a 100 watt incandescent(@agkPower, 2007)

light 10%
Radiated heat 72%
Conducted heat 6.5%
Convected heat 11.5%

There are a lot of references have indicated that there is improvemeneetlighér the installation of
low eceiling(McBride, 2005; E Source, 208@me of them has announced their lagileng product
can improve the lighting level by 2098@% (ICECO, 2009; Energie Innovation INC, 1993gveral
measurements are carried out to compare the light level before andrdtatidien ofdw-e ceiling.

The light level was measured in some poifdsainice rink. The picture shows the location of the points.
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2 4 7 9

3 5 8 10

Figure 24 Location of measured points in Alta ice rink

The light level was measured oh Jihe 2011before the installation of lesvceiling and *10ctober
2011after installation of low ceiling. All the results are showed with the unit Lux.
Results on #6June before the installation of leweiling are showedHigure 25

570 590 575 610
680 565 670
550 590 570 580

Figure 25Light level before installation of lowe ceilingin Alta ice rink

And the result on ¥October after the installation of levweeiling is showedHigure 26.

739 712 646 668
803 627 770
712 629 667 700

Figure 26Light level after installation of lowe ceilingin Alta ice rink

Fel! Hittar inte referenskalla.shows that the average light lbaslbeen improved bya7

Table5 Results summary of light level measurements

dat e poin aver a absoltpercen
i ncres

l1eJun 11 599 - -

110c t 11 701 102 17 %

As the capacity of light system is 20.9 kW, how much light level can we have per kW (lux/kW) can be
obtained Table6).

Table6 Light improvement per kW

Installed capacity of lighting system 20.9 kW

Lux/kW (without low -e ceiling) 28.7 Lux/kW
Lux/kW (with low -ceiling) 33.5 Lux/kwW
Improved light level 49 Lux/kwW
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Percentage improved 176

Conversely, the energy consumption of lighting system can be reduced if the light level maintains the same
with a lowe ceiling. The table shows the potential of energy saving for lightingTsysesin

Table7 Energy saving potential

Average light level without lowe 599 Lux

Average light level with lowe 701 Lux
Improved in light level 102 Lux
Lux/kW(with low -e) 34  Lux/kW
Power saving potential 3 kw

And if the lighting is turned on 6 months a year, 8 hours a day, that means the energy saving potential can
be

Paé Ed ocROWIPE 01 0 Qw v X gauiyear
Which is not dighnumbercompare to the total energy use of ice bokfor longer time the lighting
system is on the more energy can be saved.
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4 Dehumidification

4.1 | ntroduction

In the ice rink, humidity is ntdleratedThe moisture in the air followtke physical law of natutkat

migraing throughthe air from a higher concentration to lower concentration due to a different vapor
pressuréVhen the moisture air is cooled, it is unable to hold as much moisture a®lb®mosture

will be condensed on the colder surfaces which have lower temperature than the dew point temperature.
The moistirewill be condensed in the form of water drops, resulting in dripping and fogging above the
ice surface which could brimgnoymg effect to the userfor example it is very dangerous in the hockey

game if the players do not have a clear vision while they are skating at a very high speed.

Thereforeit is important to have the dried air in the ice rinks to avoid dripdimggoy. Normallythe

energy consumption afehumidificationof an ice rink could account for 68b the total energy
consumption of cooling systdRogstam, 2010And mainly there are two types of dehumidification
technologies commbiynused in iceinks. sorptiontype and refrigeration typ@onsidering théigh

energy consumption of refrigeration system, there is potential for energy saving if the right technology is
chosenSo the energy consumption of two types of dehumidificatamalyzed and compared

As a study case, two ice rinks with different type dethemidificatiomechnologies are studiddtaice
rink with sorption type dehumidification &Nwafrtaljeice rink with refrigeration type dehumidification.
4.2 Technologies

A. Sorption type:

A sorption type dehumidifier is mainly based orchieenicakorbent.The principleof sorption type
dehumidifier ighat desiccanin the wheels exposed to the moisture air, from where the moisture is
absorbed and held@he saturated desant is then heated up to drive the colleowidtureoff to the
exhaust air to be regenerdt¢dCE, 2011) which are showed in the figure below.

Drying wheel

DRY AIR

for the store

Moust air to be

dried

‘ =
|~ . 2
. h Reactivation

/ - 'IJ air

WS Heater to recharge
““ the drving wheel

Drive motor

Discharge moisture, _—
either duct outside

or draim away

Figure 27 Principle of desiccant dehumidifier(AXIOM Solution, 2008)

B. Refrigeration type:

Another type commonly employed is to condense the moisture in air by reducing the temperature to be
lower tharthe cewpoint. Fran saturation curve on the psyetetric chart, the moisture contained in the

air is reduced significantly when the temperatuttee @fir is lowered. The principle of operation of
refrigeration type dehumidifier is showed in the figlow be
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Expansion

Condensate *
1o waste

v A

Figure 28Principle of refrigeration type dehumidifier(Hire All Seasons, 2006)

Humid air first goes through an evaporator, where the moisture is cooled down as water and then the
cooled air is heated spghtlyby passing condenser and compressor after which the dry warm air is
discharged ttherooms.

4.3 Study cases

431 Alt a icerink -sorption type dehumidification
In Alta, the sorption type dehumidification is used.

The model of the dehumidifier used in Alta is DA 608tlledoy FuktkontrollAB. According to the
technical parameters, thehumidifier is with a rated powés4.4 kW which include a power ofk¥8
and 6, 2 kw for fan. The maximum abilftgondensing water is 18 kg/B (0% of relative humitl)
(Fukkontroll AB, 2011)

In order to evaluate the dehumidifier, the dehumidifier is simplified by the flow chart below.

€mmmmmmmmnan

Air in (from indoor)
o SO’P“O!‘ F){pe === Dried air out (totheicerink)
dehumidifier
Exhausted
warm air(to ¢ Regeneration air(from
outside) outside)

' electricity

Figure 29Sorption type dehumidifier

There should be some kind of way to ge@ple an idea if a dehumidifier is good or bad in energy
prospect.
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The energy consumption of each month from-R@ltb 2016 is showed in the figure below.

30000.00

Monthly energy consumption of dehumidifier in Alta ice rink

25000.00

Total energy consumption
from 2011-07 to 2012-06 is
149908.6 kWh.

20000.00

15000.00 -

Energy [kWh per month]

10000.00 -

5000.00 -

0.00 -

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Month

Figure 30Monthly energy consumption of dehumidifier in Alta ice rink

The ice rink started to run in the middle of July 2011, so thg emesgmption in July is lotlere is
also some electricity failure happefreth the end of February to the end of March nwite
dehumidifier was shut down. FurtherAlta ice rink has been shut down since May 2012.

The total energy consumption &mtireyear is 1499kWh which igjuite highmumber. 1 could be a big
potential for energy saving.

First of allthe main furction of a dehumidifier is to reduce the moisture in the air. So it is essential to
know where dose the moisture come from.

There are two source of moisture: external and internal. The external moisture source is from the leakage
of outdoor air to the iceink (there is no code ventilation in Alta rick; code ventilation is the
ventilation due tmtroduction of astandard volume @utdoor air to ice rinccording to ASHRAE 62

(Desert Aire, 201Rrndthe internal moisture source is from the resurfacing and people who have
activities inside the ice rink (figure below).
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Ice rink
Moisture from
outdoor air Air to dehumidifier
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Moisture from
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Figure 31Moisture load from indoor and outdoorin ice rink

Compared to thaniernal moisture source, the outdoor leakage air is easier to measure. Internal moisture
source can be simplified as a constant source. So the moisture load is change with the outdoor condition
or the water content of outdoor air.

August is the month witkighest energy consumption and the machine wasgtuliy all the time so it
cannot be used to extract the relationsiiwden energy consumption andloot water contengothe
month with dehumidifier paldad running is chosen: October and Jgnuar

The indoor climate data is read from ClimaCheck. Thefgyigcaameter, thermocouple and energy
metes integratedn ClimaCheck installed in Alta ice rink to measure irshabioutdoor humidity,
temperaturand energy consumption of dehumidifier

Water content can be obtained by the relative humidity and temperature using the followiag equation

8

ne Q (for 1 0 pmm3
e o~ 8 —° .
N Q 8 (for 1T O T3)
h oZr‘]C
n n

n¢, the saturation pressure of water [bar]
t, air temperature[]

« hrelative humidity

N , partial pressure of water vapor ifbart
& hwater content[ kg water per kg air]

n , total pressure of humid winich is set as 1 bar in this case

The figure below shows the energy consumption of different water content of outdoor air in October and
January.


app:ds:hygrometer
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Figure 32Energy consumption of dehumidifier for different outdoo watercontent in the period
from 1st October to 3% January

And the water content of indoor air in October and January is showed in the picture below.

Figure 33Water content of indoor air in Alta ice rink for the period fromst to 31st October
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