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ABSTRACT
For indoor speed-skating arenas in cold districts, the
calculation of heat income and outgo (heat balance)
constitutes a special case because we have to heat the
arena throughout the year while manufacturing ice in
the rink. We adopted a speed-skating rink located in
Obihiro City, Hokkaido, Japan, as a sample, and after
operating the air conditioning/freezing systems, we
assessed the environment of the place. We used
building performance simulation to analyze energy
saving measures and the measured data were used to
verify the model. With the objective of finding
energy savings, we chose three items as parameters:
reduction of out air quantity, the number of freezers,
and the temperature setting of the indoor
environment, and conducted experiments using real
data and simulations. By doing this, we could
analyze the special conditions and propose ways to
reduce energy use and improve the management of
the building.

INTRODUCTION
In indoor speed-skating arenas in cold districts, the
calculation of heat income and outgo (heat balance)
poses a special case because we have to heat the
arena, while manufacturing ice in the rink. In this
respect, unlike general buildings for business use, the
conditions of energy consumption are not
straightforward. Thus, we adopted a speed-skating
rink located in Obihiro City, Hokkaido, Japan, as a
sample,
and
after
operating
the
air
conditioning/freezing
systems,
measured
environmental parameters and the amount of primary
energy consumption. By doing this, we could analyze
the special conditions and propose ways to propose
ways to reduce the energy use and improve the
management of the building. We used building
performance simulation to analyze energy saving
measures and the measured data were used to verify
the model.
According to the ASHRAE Handbook 2006, several
studies have been conducted on the heating load of
indoor and outdoor skating rinks, how indoor iceskating rinks are refrigerated and how ice-rink floors
are structured. In particular, the study by O.Bellache
et al. (2006) models heating transfer and airflow and
how the daily loads (radiation, condensation,

refrigeration and so on) differ according to the
dimensions of the ice rink. However, it does not
clarify the annual primary energy consumption in an
indoor speed-skating arena and how to reduce the
energy to improve the management of the building.
For the purpose of the present study, we had to
increase the range of cases to analyze and evaluate
actual energy conditions in an indoor speed-skating
arena. Further, by proposing means for energy
savings, this study provides a reference that will be
useful when new indoor speed-skating rinks are
being planned in the future.

THE BUILDING AND GENERAL OUTLINE OF
THE MEASUREMENT
The outlines of the building examined in this study
are shown in Table 1 and Fig. 1 to Fig. 4. At present,
this speed-skating arena is used throughout the year.
It is open to the general public; also, large-scale
speed-skating competitions such as worldwide
competitions are organized at the rink. To analyze it,
we used measured data from the central monitoring
survey at the site. The types of data gathered are
summarized in Table 2. The period of measurement
was from September 1, 2009 to November 18, 2011,
except for the periods of December 1–16, 2009 and
January 8–13, 2010, when all data are missing
because of troubles in the measuring instruments.
Also, for the period from March 7 to July 25, 2010,
the skating rink was not covered with ice, and the airconditioning system was not in operation
Table 1 The building outlines
Name
Scale
Use
Structure

Facilities
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Meiji Hokkaido Tokachi Oval
total floor area,19,218.38m2; arena area,14,400m2
building height,19.9m（two-storied building）
futsal, tennis, speed-skate etc
RC・S
speed-skating rink, 400-m standard double track
area rinks, 6,000m2（rink-width:15m）
sliding period, mid-July〜early March
a multipurpose space：120m×34m
（available all-year）
futsal:3court tennis:6court
running race track, 470m x 3m wide
(available all-year)
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b-b’

85,400

191,700

Fig 2 Building section
(a-a’)
117,400

191,700

Temperature (deg C)

Fig 3 Building section
(b-b’)

Fig 1 Building plan
HEX3~4

warm water
warm water
HEX2
Boiler
Savings tank
warm water
warm water
Air conditioner
Arena

cold water
HEX1

Chillers
manufacturing ice

Fig 4 Outline of the facilities

Outdoor
The light
disc of arena
The disc of
general
power
The disc of
chiller

Air
conditioner

The others

items
temperature, humidity,
ice surface temperature
temperature, humidity
electric current, electric energy
electric current, electric energy
electric current, electric energy
brine temperature
operational condition
supply air temperature,
supply air dew point temperature,
return air temperature,
return air humidity,
coil temperature, air supply wind speed
the quantity of water,
the quantity of gas

OPERATING 	
 
CONDITIONS

AND

temperature(outside air)
temperature(arena)

10
0
Dew point
temperature
-20
(arena)
Dew point temperature (outside air)
-30
6/1
12/1
3/1
9/1
Per day
2009/
9/1
Fig 5

-10

In the summer season, however, in order to prevent
fog, the heating and cooling systems are often
operated to dehumidify. After that, to raise the inside
temperature, re-heat the air. Fig. 6 shows how the
heat of the heating and cooling systems is transmitted
in such a case. In this respect, when he heating and
cooling systems are operated under the
dehumidifying and re-heating conditions in the
summer season and more simply operated in the
winter season, the heating load can be reduced when
outdoor air is not taken in.

Table 2 Types of data gathered
Arena

20

Temperature and humidity
(Outside and inside the arena)

cold water

Place

30

mixed
dehumidification

outdoor air

return air

coil

heating

0.011
0.008
0.006

supply air
11 15 17 19
27
Dry bulb temperature (deg C)

Absolute humidity［kg/kg(DA)］

a-a’

conditions were lower. When we made this
comparison in the winter season, both temperature
and absolute humidity in the arena were higher. As
described below, the heating and cooling systems in
the arena almost heat the facility throughout the year.
So, with regard to the sensible heat, in the summer
season, the load on the heating/cooling systems is
reduced when outdoor air is introduced. By contrast,
in the winter season, the load of the heating/cooling
systems is reduced when outdoor air is not
introduced into the arena.

Fig 6
Air diagram: summer (Air conditioning)

CONTROLLING

Indoor and outdoor temperature and humidity
conditions
Fig. 5 shows the relation between temperature and
dew point inside and outside the arena. The
temperature in the arena was maintained at 15deg C
up to July 2010 and at 11deg C thereafter, day and
night. When we compared arena air conditions with
outdoor conditions in the summer season, both the
temperature and the absolute humidity in the arena

Energy consumption in the building
It is found from Fig. 7 that the consumption quantity
of supply water for the evaporation condenser (Note 1)
used for the manufacture of ice for the arena is
increased in the summer season. The total power
consumption and details are shown in Fig. 8.
Throughout the year, the ratio of power consumption
by the chillers and pump becomes higher than the
other ratio of power consumption.
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Jet water 1 Jet water 2 The others
Supply water for evaporation condenser

10000
Primary energy［GJ］

Water consumption［kℓ］
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800
400

Power consumption [MWh]

0
2009/
9
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2010/
3

6

4000
2000
0
2009/
9
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6

3
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［Month］

Fig 10 Total primary energy of the building

General lighting Arena lighting
Pump
Chillers
General motive power

SIMULATION	
  APPROACH

250

Module details

150
50
0
2009/
9

12

3

6

9 ［Month］

Fig 8 Total power consumption of the building
(*) Lated COP of refrigerating machine is about 2.2

In the data for heating and cooling loads (Fig. 9), it
was found that the heating and cooling load was
higher in 2009 than in 2010. This may be attributed
to the following two factors: The year 2009 was
immediately after the completion of the building
construction, and water vapor from recently poured
concrete was generated at a rate of about 20 g/(m2・
day). Another reason was that volume of the outdoor
air was not controlled well depending on its
popularity that year. However, the sensible heat load
calculated from actual measurement data was an
energy of about 3 GJ in September 2009 and 30 GJ in
September 2010. The direct cause of this difference
has not yet been elucidated.

To analyze energy saving measures and improve
management of the building, bulidng performance
simulation was conducted. The measured data were
also used to verify the simulation model. TRNSYS is
an extendable tool performing unsteady energy
simulation. Fig. 11 shows a module diagram drawing
of the simulation we used. The simulation was
arranged such that the ice surface temperature and
indoor space temperature could be established
separately purposely. In this module, there were two
controllers. By controlling the heat-generating power
at the plumbing position (in this case, the
refrigeration load) and the heating/cooling blowout
temperature, it is possible to adjust he ice surface
temperature and indoor space temperature. As a
result, a particular temperature distribution in the
arena and condensation heat of the wall surface
temperature and ice surface can be calculated.
Infiltration・Internal heat gain etc.
Refrigeration load

Controller

Caluculate of arena temperature and
ice surface temperature

Controller

Supply air temperature
Surface temperature
Temperature in the ground

Heating

Cooling

Indoor air temperature

Ice surface
temperature

700
Load［MWh］

6000

9 ［Month］

Fig 7 Water consumption

350

Heavy oil (heating for indoor air )
Heavy oil (the others)
Electricity (the others)
Electricity
(cooling for
indoor air)

8000

500

Fig 11 The module diagram
300
100
0
2009/
9

12

3

7

10 ［Month］

Fig 9 Heating and cooling loads
To provide a sense of the energy scale of the whole
arena, the primary energy use of the building is
shown in Fig. 10. The ratio of the heavy oil used for
heating was high. The ratio of electricity used for
cooling the arena air was low. Therefore, a high ratio
of energy was used for ice manufacture

The block divide for the arena module is shown in
Fig. 12. Fig. 12 represents the actual arena as a block
in simplified manner. It is divided into 6 blocks in the
upper and the lower portions so that the temperature
values can be measured for each block. This block
module is based on the doctoral thesis of Satishi
Togari. Also, the wall surfaces were divided into 51
surfaces in all. The floor surface was divided into
mid-ground and ice surfaces. As a result, using this
module, we could find the heat income and outgo of
the building, heat and cooling loads, the primary
energy consumption and so on. By doing this, we
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could pinpoint what actions would lead to energy
savings.

14343[m3]
28686[m3]

19.7m
18.7m

88925[m3]
129085[m3]
14343[m3]
Y
7171[m3]

16.7m
10.5m
1.5m
0.5m

87.2m
X 164.5m

indoor temperature and the ice surface temperature
are set up by regarding the actually measured values
as the preset values of the feedback control.
Regarding Case 2, for both the indoor temperature
and the ice surface temperature, the average values
13.4deg C and -6.0deg C during the period of
evaluation (February 1–28, 2010) are the preset
values of the feedback control. When the actual
values were Measured and Case 1 and 2 were
compared with those measurements, there was almost
no substantial change in the primary energy
consumption, and evaluation of various cases could
be done using Case 2 as the basis.

Fig 12 Block divide for arena module
Temperature (deg C)

45

Verification of the simulation
Verification of the sensitivity of the simulation was
performed by changing the value of αc (heat transfer
coefficient) and infiltration (Fig. 13). This reveals
that the value αc (heat transfer coefficient) and draft
exert considerable influence on the distribution of
indoor temperature. In the simulation, it was assumed
that the value of αc (heat transfer coefficient) on the
ice surface was 1.2 W/m2・K. However, because the
heat income and outgo vary widely depending on the
value of αc (heat transfer coefficient) of the ice
surface, further study seems to be necessary.

Height (m)

20
16
12
8

Measured
αc=1.41 Infiltration free
αc=1.41
Considered infiltration
αc=3 Infiltration
free
αc=3
Considered infiltration

0
-7

35
25

10
2010/
2/10

3
8
Temperature (deg C)

Table3 Accuracy verification (conditions and results)

Conditions

13

18

Fig 13 Verification of sensitivity of simulation

Sensible heat load (MWh)

Results

The conditions and results of the verification of the
accuracy of simulation are shown in Table 3, and
Figs. 14, 15 and 16. The period of evaluation was
February 1–28, 2010. Fig. 23 represents a graph
where the indoor temperature (at a height 1.5 meters
from the floor) and the supply air temperature are
compared. The values of the indoor temperature are
consistent with the actually measured values, but
there are variations in the values of the supply air
temperature. However, when the sensible heat load
and the primary energy for one month were
compared (Fig. 15 and Fig. 16), the values were
generally consistent with each other. These results
suggest that the results of the study are valid and the
simulation is accurate. With regard to Case 1, the

2/15

Fig 14 Evaluation of the accuracy of the simulation
(Inside and supply air temperature)

Summer
-2

Indoor temperature

15

［W/m2・K］

4

Supply air
temperature

Measured
Case 1

Indoor
temperature
[deg C]
Ice surface
temperature
[deg C]
αc(wall)
[W/m2・K]
αc(ice surface)
[W/m2・K]
Air volume
[m3/h]
Infiltration
[m3/h]
Sensible load
(MWh)
Primary
energy use
[GJ]

Measured

Case1

Case2

measured

measured

13.4

measured

measured

-6.0

-

3

3

-

1.2

1.2

measured

measured

measured

0

0

0

432.7

479.8

477.8

7584.4

7782.9

7774.2

500
400
300
200
100
0

Measured

Case1

Case2

Fig 15 Evaluation of the accuracy of the simulation
(Sensible heat load)
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Primary energy (GJ)

ABOUT LOAD REDUCTION
8000

Reduction of outdoor air quantity

Heavy oil

6000

Electricity

4000
2000
0

Measured

Case1

Case2

Fig 16 Evaluation of the accuracy of the simulation
(Primary energy)

HEAT BALANCE OF THE BUILDING
Fig. 17 and Fig. 18 show heat income and outgo in
the arena evaluated by simulation. In the analysis of
heat income and outgo (Fig. 17), it was found that, of
the total quantity of heat contributed by the heating
system, lighting, human beings and mid ground into
the indoor area, 80% flowed out from inside the
building as convective heat through the outer surface
or the wall surface and 20% flowed from inside the
building as convective heat through the ice surface.
In terms of the heat income and outgo on the ice
surface (Fig. 18), it was found that the refrigeration
load was under the influence of radiation from the
other surfaces.

Outdoor air
（-7.8deg C）

Lighting

Wall：αｃ=3w/m2・K
Ice surface：αｃ=1.2w/m2・K

Convection 96.2kW
622kW
（Wall）
599.6kW
Arena（13.4deg C）

Under the present conditions, the quantity of outdoor
air in the arena is determined by monitoring the CO2
concentration. The outdoor air is ventilated at all
times when the skaters are skating on the ice. The
reason why the CO2 concentration in the arena is
elevated may originate from the engine-driven ice
manufacturing vehicle and from human respiration. If
the engine-driven ice manufacturing vehicle is
changed to electricity-driven, the CO2 concentration
and outdoor air would be reduced. In the present
study, it was determined that necessary ventilation of
the air volume considering only human respiration
might lead to a reduction in the requirement for
outdoor air. It was assessed accordingly how far the
cooling and heating load could be reduced compared
to the present condition. For the evaluation of the
number of skaters using the arena we estimated the
number of skaters for each event (Table 4) in terms
of the yearly schedule (Table 5) of the arena.
Table 4 Year-round schedule
Event
World
competition
Other
competition
Open to
the public
Closed

Air
Conditioner

Fig 17 Heat income and outgo of the building

Radiation
（The other surface）
Radiation 573.7kW Convection
(Lighting)
158.3kW
33.8kW

Refrigeration
757.9kW

αｃ＝1.2w/m2・K

Condensation
6.5kW

Heat conduction
14.4kW
10/2/6 15:00

Fig 18 Heat income and outgo of the ice surface

Feb

Mar

Jul

Aug

Sep

Oct

Nov

14

0

1

0

0

0

0

2

2

10

0

0

0

1

4

3

11

14

5

6

26

24

23

9

4

4

1

25

5

5

4

4
(day)

Table 5 Estimated numbers of people (per day)
Event
World meeting
The other meetings
Open to the public
Closed

Human
25.5kW

Convection
（ice surface）
14.2kW
158.3kW
Bottom temperature（9.1deg C）
Ice surface
Mid ground（ 10/2/6 15:00
（-6.0deg C）
10.0deg C）

Jan

Estimated number
2500
500
340
0

Then, it was estimated that the outdoor air quantity
per person was set to 25 m3/h, and the value of the
cooling and heating load was determined. However,
in case the estimated airflow rate is higher than the
actual airflow rate, the cooling and heating load
estimated may exceed the actually measured value.
For this reason, the actually measured cooling and
heating loads and the estimated loads were compared
with each other every hour, and the value of the
lower load was regarded as the estimated value after
the improvement. When the volumes of outdoor air
were compared for each month (Fig. 19), it was
found that the volume of the outdoor air was
extensively reduced in winter season. As a result, it
was found that, during the period from January to
November 2010, the energy use was reduced by
about 3800 GJ (Fig. 20 and Fig. 21).
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Outdoor air[m3//h]

25000

Measured
Improved

20000
15000
10000
5000
02010/ 2
1

3

7

10 11

9

8

[month]

consumption was 1410 MWh, and the power
consumption after the evaluation was 1406 MWh.
When these were converted to primary energy
consumption, the actually measured value was 13769
GJ compared to 13728 GJ in the evaluation. These
results suggest that the number of chillers was not
substantially associated with a reduction of the
cooling and heating load.
(Total)
1

Outdoor air (heating)
Outdoor air (cooling)
The others (heating)
The others (cooling)

Measured
Improved

400

0.4
0.2
0

0

8000

Per hour
0.2

2

3

7

8

10

9

1
(Total)

0.8

11

Fig 20 Amount of load

Measured
Improved

Heavy oil
Electricity

6000
4000

1.5
1.2
0.9
0.6
0.3
0

0

Per hour
0.3

2000
2

3

7

8

9

10

11

Fig 21 Amount of primary energy

[Month]
(Total) 1

Improvement of the control of the number of
chillers based on the partial load rate
In the building, there are four chillers in all. When
we see a graph of the partial load rate of these four
chillers (Fig. 22), it was found that quite a few
measured data show a higher position than the rated
COP. So the chillers are operated with high
efficiency under actual conditions. However,
variations are seen in the load of the chillers. In the
power consumption of the building (Fig. 8), the ratio
shown by the chillers is higher than those of the other
systems. By changing the operating conditions of the
four chillers, we could evaluate whether it may be
possible to reduce the energy consumption (The
period of evaluation was from November 30, 2009 to
November 18, 2010). Fig. 23 shows the data that
were taken regarding the relationship between load
rate and power consumption rate for various different
numbers of chillers. Then, a regression curve was
gained from Fig. 23. Fig. 24 was conducted from this
regression curve. Ideal control curves were calculated
from Fig. 24 (Fig. 22, ideal control curves).
However, the manner of controlling the number of
chillers was the same as that of the design document.
As a result, the actually measured value of the power

0.9
0.6
Load rate

1.2

1.5

Fig 23 Partial load rate
(Per one chiller)

Power consumption rate

0
2010/
1

0.4
0.6
Load rate

Fig 22 Partial load rate (chillers)
(To operate 4chillers is rate 1)
Power consumption rate

10000
Primary energy［GJ］

0.6

200
0
2010/
1

Ideal control curves

0.8

Two

One

Four

Three

0.8
0.6
0.4
0.2
0
0

0.25

0.5
Load rate

0.75

1 (Total)

Fig 24 Partial load rate of chillers in operation
However, when we observed the load rate of the
chillers in operation (Fig. 25), it was found that, in
most of the cases when two chillers (1.8~2.2) were in
operation, the load rate was within 0.25. This means
that a load rate between 0 and 0.25 may result in the
reduction of the load.
3.8〜4.0
2.8〜3.2
1.8〜2.2
0.8〜1.2

300
Hour［h］

Load [MWh]

800
600

Power consumption rate

Fig 19 Amount of outdoor air

200
100
0
0

0.25

0.5
Load rate

0.75

1 (Total)

Fig 25 Frequency of load rate of chillers in operation
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The arena is maintained under heating conditions
throughout the year. For this reason, by setting the
present temperature of the arena to a lower value or
setting the temperature of the ice surface to a value
higher than the present condition, a reduction of the
heating and cooling loads may be expected. This was
evaluated by simulation from February 1–28, 2010).
Judging
from
the
verification
of
the
simulation(Fig14,15,16,Table3), Measured and Case
1 and 2 were almost no substantial change in the
primary energy consumption, and evaluation of
various cases could be done using Case 2 as the
basis. The conditions and results of the evaluation
when the indoor temperature and the ice surface
temperature were changed are shown in Figs. 26, 27,
and 28 and Table 6. When the data of the sensible
loads of Case 2 and Case 5 were compared (Fig. 27),
it became evident that the sensible load was reduced
by about 25% a month using the Case 5 scenario.
From this, it is evident that energy consumption can
be reduced by decreasing the indoor temperature.
However, during the daytime, skaters and other
people are present in the arena, and the indoor
temperature cannot be lowered too much for the sake
of their comfort. In this connection, we then
observed the results of evaluation in cases when the
temperature is decreased only at night (Table 6;
Cases 3 and 4). In case 4, in which the indoor
temperature is decreased by 3deg C at night and the
ice surface temperature is increased by 1deg C, it is
found that the sensible load can be reduced by about
20% a month and energy consumption can be
reduced by about 2500 GJ throughout the year.

Temperature (deg C)

17

Indoor temperature

Case 2
Case 4

12
7
2
Ice surface
temperature

-3
-8
2010/
2/10

2/15

Sensible heat load (MWh)

Fig 26 Result of simulation
(Indoor and supply air temperature)

500
400
300
200
100
0

Case2

Case3

Case4

Case5

Fig 27 Results of simulation
(Sensible heat load)

Primary energy (GJ)

Decrease of indoor temperature and ice surface
temperature
8000
6000

Heavy oil
Electricity

4000
2000
0

Case2

Case3

Case4

Case5

Fig 28 Results of simulation (primary energy)
Table 6 Results of evaluation of the cases
Indoor
temperature
[deg C]

Conditions

Results

Ice surface
temperature
[deg C]
αc(wall)
[W/m2・K]
αc(ice
surface)
[W/m2・K]
Air volume
[m3/h]
Infiltration
[m3/h]
Sensible
load
(MWh)
Primary
energy use
[GJ]

Case3
Daytime
:13.4
Nighttime
:10.4

Case4
Daytime
:13.4
Nighttime
:10.4

Case5

-6.0

-5.0

-6.0

3

3

3

1.2

1.2

1.2

measured

measured

measured

0

0

0

418.2

395.7

358.8

7523.6

7428.5

7273.0

10.4

Heat income and outgo in the building and heat
income and outgo on the ice surface for Case 5 (a
lower daytime arena temperature) are shown in Figs.
29 and 30. The results can be compared with the
results for heat income and outgo in the building and
on the ice surface for Case 2, shown in Fig. 17 and
Fig. 18. When we observe the heat income and outgo
in the building (Fig. 29), the quantity of heat coming
into the indoor space of the building is generally
decreased as a whole for Case 5. However, there is
no change in the internal heat gain (the heat caused
from lighting and from human activities), and the
heat quantity of the heating and cooling system is
reduced by about 25%. Because the indoor
temperature is decreased, the heat from the midground of the building is increased two times. In the
ratio of the flow-through heat from the outer wall,
there is no substantial change as a whole, and it
comprises 80% of the total. In terms of the heat
income and outgo on the ice surface (Fig. 30), it was
found that the heat caused by radiation from other
surfaces is decreased by about 15%. However, the
chilling load is decreased by 15%. The reason may
be that, when the indoor temperature is decreased,
the heating load of the heating/cooling system is
decreased because we heat the arena throughout the
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year, and this may have resulted in the reduction of
the energy consumption. Also, it appears that
radiation heat from the heat income and outgo on the
ice surface may be closely related with the
refrigeration load.

Outdoor air
（-7.8deg C）

Wall：αｃ=3w/m2・K
Ice surface：αｃ=1.2w/m2・K

Lighting
Convection
（Wall）
491kW

96.2kW
477.6kW

Air
conditioner

Arena（10.4deg C）
Human
Convection
25.5kW
（ice surface）
30.7kW
139kW
Bottom temperature（7.2deg C）
Ice surface
Mid ground（ 10/2/6 15:00
（-6.0deg C）
9.1deg C）

Fig 29 Heat income and outgo of the building
(Case5)

Radiation
（The other surface）
Radiation 495.4kW
Convection
(Lighting)
139kW
33.8kW

Refrigeration
664.9kW

αｃ＝1.2w/m2・K

indoor air temperature and ice surface temperature
would result in the reduction of energy by decreasing
the temperature at night when there are no users in
the building. However, the value of energy
consumption is changed due to the change of
temperature, and it appears that the primary energy
usage can be reduced by carrying out temperature
adjustment, giving due consideration to the
convenience of the users or by changing the
temperature only at nighttime. Because number of
chillers does not have a substantial influence and
causes no difference from the present condition,
further study seems to be necessary. Also, because
heating is carried out throughout the year, the most
important problems are the reduction of the heating
load and also the reduction of the power consumption
by the chillers. We will perform further analysis on
these problems in the future. It will be the purpose of
our further study to propose an improvement of
operation by means such as changing the indoor
humidity; also, we will seek a way to make the
results of our study applicable to the planning and
construction of new indoor speed-skating arenas in
the future.
(Note 1) The water to be used to decrease the heating of chillers
and to increase the efficiency of chillers in summer season.
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