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Fundamental Of Ice Storage System

When water is solidified into water, the heat stored
is called “heat of solidification”. The solidification heat
is 79 Kcal/Kg ( 1 Kg of 0°C water to be solidified into
0°C ice ) . Usually, the required temperature of cooling
water used for air conditioning is less than 15°C. It
means that 94 Kcal/Kg of energy would be available
when 1 Kg of 15°C water is solidified into 0°C ice.

Funcion Of Ice Storage System

The ice making chiller is operated in the night time or
off-peak hours so that the energy consumption in the
day time or peak hours is shifted and reduced.

For instance, for a factory, the energy consumption is
100KW each for production equipment and for peak
load of air conditioning. If traditional chilled water

system is used, the total demand charge of 200KW
shall be applied. By application of ice storage system,
the energy consumption of ice making chiller is
shifted to night time while production equipment is not
operating, and the demand charge can be minimized to

100KW.

Under the bi-zone or the tri-zone electrical rate, the
running cost can be saved at the off-peak rate. The
additional 25% discount of non-peak hour is applied

for ice storage system (in Taiwan).

For traditional air conditioning system, the cooling
capacity is decided according to peak cooling load.
However, the required period for peak load is limited

to certain time period only, and the chiller is operating

at less capacity in most time of the year. Especially in
Spring and Fall seasons, the cooling load is reduced

to less than 50% of capacity, which means the initial

investment of chiller is partially wasted. By application

The principle of ice storage system is to utilize the
off-peak hours to operate the chiller to make ice. The
cooling capacity stored in ice then can be applied
for cooling instead of operating chiller during peak
hour to avoid the higher energy cost.

of ice storage system, the chiller can be operated for
the extended hours at the lower capacity.

For example, a cooling load of 200RT/hr is required for
9 hours, from 08:00 to 17:00, the total cooling capacity
is 200RTx9HR. If the operation hours are extended to
15 hours, the chiller capacity will be reduced to 120RT
(1800RT-HR+15HR). As the efficiency of ice storage
system is lower, the 150RT of cooling capacity shall be
selected for the chiller, in comparison to 200RT chiller
for traditional chiller system.

During ice making process, the chiller is running
at full capacity so as to avoid the less efficiency of
operation at lower capacity. (Generally, for traditional
system, even under operation of 50% load, the
energy consumption is still up to75% of full load
consumption).

Additional cooling capacity can be achieved by simply
extending the operation hours without investment of
new equipment.

The ice storage system supply chilled water for
refrigeration, dehumidification and process cooling. Due
to the lower temperature, the volume of supply air and
supply water can be reduced, so that the capacity of fan
and pump can be reduced accordingly. As a result, the
energy consumption and the initial investment can be
minimized as well. (the fan capacity can be reduced up
to 35%, the water pump power consumption can be 25%
less).
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Transfer the peak-hour air condition power consumption and save the electricity fee.

Chi-li applies the objective evaluation standard into manufacturing the international product.
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Aiming at the high temperature and high humidity environment, Chi - Li develops P series products whose
features are low heat loss value [ AT35°C heat loss is 0.059%. ] ,

excellent heat insulating character, condeusation prevention and corrosion-resisting material.

The key factors of evaluation for the total freeze ice storage tank performance are:

Performance capacity :

e the calculation temperature values of total heat,
latent heat and sensible heat,

e ice-melting speed curve and ice storage frozen
temperature curve.

e the balance character of pressure drop and flow
rate.

Construction Features are :

e the corrosion-resisting performance of material,

e the moisture proof, water proof and anti-
condensation performance of insulation material.

¢ the heat loss and heat transfer coefficient of the
tank body.

e the tank body suitable to be applied on the raft
foundation or outdoors.

Others :

space requirement of maintenance service.

the period of warranty.

capability of competition from lower cost.
service for the economic evaluation and the
capability of technical information of the system.
supply the associated eguipmens of the ice
storage system.

job reference.
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Traditional Air Conditioner System:

When the conditioned air is applied, run the chiller
water units and all accessories. The highest
conditioned air demand period is the peak-hour
electricity consuming period - the most expensive rate
period .
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Ice Storage Cooling System:

Operate the brine units and ice storage brine water
pump to for ice making (blue line processes) during
the off-peak electricity consuming period-the cheapest
electric price period to save running cost.

When air conditioning at day time , it is only need to
operate the ice-melting brine (red line processes) for
cooling the so as to transfer the day time electricity
consumption to night time and save the demand chare
If the ice - melting pump is connected to emergency
generator , the cooling function can be continuous even
the power is in failure.
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EKEERMEBRIEAEE : 160 KW (21.3%)
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Case Study of Ice Storage System

1.Stadium, Church/Temple Hall

* Cooling load characteristics
Heat load generation in short period of time, mainly from

lighting and personnel. The impact of outside air is relatively
small.

* Case analysis

Peak load: 620-RT/HR

Cooling load for one day event of 8 hrs: 4300RT-HR

Cooling load for two day event of 12 hrs: 6500RT-HR

Cooling load for consecutive day event of 4 hrs:2300RT-HR

[Traditional system]
Chiller capacity: 620 RT

Power consumption: 750 KW

[Full load ice storage system]

Chiller capacity for ice storage: 120 RT (19.35%)
Ice storage tank: 4300 RT-HR

Power consumption: 160KW (21.3%)

* Operation Model:
1. 120 RT of chiller, 9 hrs of operation at off-peak hours,

cooling capacity:864 RT-HR, total stored cooling
capacity for 5 days:4320 RT-HR, enough for one day
event of 8 hrs.

2. 120 RT of chiller, cooling capacity of 1920RT-HR at 20
hrs of operation in night time, by adding 4 hrs of
operation in day time, the total cooling capacity is
1920+480=2400 RT-HR,which is sufficient for daily
event of 4 hrs requirement.

3. For two days event of 12 hrs, by combination of above,
4320+2400=6720 RT=HR cooling capacity available.

2.Dairy product manufacturer

* Cooling load characteristics
Dairy product sterilization at low temperature(4°C), 1 hr of

cooling requirement, surge cooling load requirement in short
period of time.

* Case analysis

Peak load: 620-RT/HR

Cooling load for one hr: 86 RT/HR

[Traditional system]
Chiller capacity: 86 RT

Power consumption: 105 KW

[Full load ice storage system]

Chiller capacity for ice storage: 5 RT (5.8 %)
Ice storage tank: 86 RT-HR

Power consumption: 7.5KW (7.1%)

* Operation Model:
5 RT of chiller running for 22 hrs to store 86 RT-HR of

cooling capacity, and release the cooling capacity in morning
to supply 1 hr of chilled water for sterilization.

3.Chemical Plant

* Cooling load characteristics
24 hours of operation, but the surge cooling required for

certain chemical reaction process for certain period of
time, and only 20% of peak load required for the remaining
operation hours.

* Case analysis

Cooling load for chemical reaction: 420 RT/HR

Cooling load for remaining hours: 80 RT/HR

[Traditional system]
Chiller capacity: 420 RT

Power consumption: 470 KW

[Partial load ice storage system]

Chilled water chiller capacity for ice storage: 80 RT
(for normal requirement)

Ice storage chiller capacity: 20 RT

Ice storage tank: 350 RT-HR

Power consumption: 127 KW (27 %)

* Operation Model:
80 RT of chiller running for normal cooling capacity, and

20RT of chiller running 22 hrs to store 350 RT-HR of cooling
capacity, then by combining above, 350+80=430 RT-HR of
cooling capacity for cooling requirement of chemical reaction.

4.Commercial space in department
store or airport

* Cooling load characteristics
For certain period of time, additional cooling load of 30-40%

is required. For department store, the increased cooling
capacity required in holidays and sales event, and the
required hours are 11:00-13:00 and 17:00-21:00, otherwise
the cooling load for remaining hours is 50-60% of maximum
load.

* Case analysis

Cooling load for peak-hour: 3200 RT/HR

Cooling load for whole day: 30220 RT-HR

[Traditional system]
Chiller capacity: 3200RT

Power consumption:3232KW

[Partial load ice storage system]
Ice storage chiller capacity: 1600RT
Ice storage tank: 11520 RT-HR

Power consumption: 2100 KW (64.9%)

* Operation Model:
1600 RT of ice storage chiller running for Shrs in night time

to store 11520 RT-HR of cooling capacity, In day time, the
chiller is again operated for 12 hours to supply 19200 RT-HR
of cooling capacity (1600 RT x 12 Hr), then by combining
of two, 11520+19200=30720 RT-HR of cooling capacity is
auailable for whole day cooling requirement.
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5.Cleanroom of hi-tech electronic
manufacturer

* Cooling load characteristics
The hi-tech electronic manufacturer is always 24 operation

and the cooling load from production and lighting is stable.
The variation of cooling load is contributed form the outside
air loading and the heat transfered from the building wall due
to weather, climate or season, another variation is the loading
for office could be considered as well.

% Case analysis
Cooling load for peak-hour: 16000 RT/HR

[Traditional system]

Chiller capacity: 16000 RT

Power consumption:14400 KW

[Partial load ice storage system]
Chilled water chiller capacity: 13000 RT
Ice storage chiller capacity: 2400 RT
Ice storage tank: 17280 RT-HR

Power consumption: 12300 KW (85.4%)

* Operation Model:
2400 RT of ice storage chiller running for 9hrs in night time

to store 17280 RT-HR of cooling capacity, In day time,
beside of the cooling load from chilled water chiller, the ice
storage cooling capacity is used to meet the cooling variation
requirement as above mentioned.

6.Hospital. Power Company

* Cooling load characteristics
For public unit, it is normally in 24 hours operation and the

cooling load is often remained stable, except certain area like
reception lobby, administration office and other

areas which are not 24 hours operation and could be
considered as variable cooling load.

%* Case analysis
Cooling load for peak-hour: 2400 RT/HR

[Traditional system]
Chiller capacity: 2400 RT

Power consumption:2900 KW

[Partial load ice storage system]
Chilled water chiller capacity: 1800 RT
Ice storage chiller capacity: 800 RT
Ice storage tank: 5760 RT-HR

Power consumption: 2130 KW (85.4%)

* Operation Model:
800 RT of ice storage chiller running for 9hrs in night time to

store 5760 RT-HR of cooling capacity, In day time, beside
of the cooling load from chilled water chiller, the ice storage
cooling capacity is used to meet the cooling variation
requirement as above mentioned.

7.Cooling for high voltage cable in
underground trench-Hi-tech

Economic Technoloy Park

* Cooling load characteristics
In night time, the cable heat generation is less as the

electricity demand is reduced, so the outside air can be
introduced tO satisfy the cooling requirement. However,
in day time, air conditioned air shall be required as the
increased heat load and outside temperature affected by the
weather.

* Case analysis
Cooling load for peak-hour: 1000 RT/HR

07:30-22:30: 11250 RT-HR
22:30-07:30: outside air cooling

[Traditional system]
Chiller capacity: 1000 RT

Power consumption:1200 KW

[Partial load ice storage system]

Ice storage chiller capacity: 600 RT

Ice storage tank: 4320 RT-HR

Power consumption (peak hours): 720 KW (60%)
Power consumption (off-peak hours):600 KW

* Operation Model:
600 RT of ice storage chiller running for Shrs in night time to

store 4320 RT-HR of cooling capacity, In day time, the chiller
is again operated for 14 hours to supply 8400 RT-HR of
cooling capacity (600 RT x 14Hr), then by combining of two,
8400+43200=12720 RT-HR of cooling capacity for whole day
cooling requirement.
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8.Museum

* Cooling load characteristics
24 hours of operation, especially in holiday and event activity,

the cooling requirement is 30-40% higher then usual, and the
closed hours require only 40% of maximum load. However,
the lower temperature/humidity is required for most of the
indoor area.

* Case analysis

Cooling load for peak-hour: 1500 RT/HR

Open hours cooling load: 1100 RT/HR

Closed hours cooling load: 600 RT/HR

Peak hour cooling capacity:12000 RT-HR

[Traditional system]
Chiller capacity: 1500 RT

Power consumption:1875 KW

[Partial load ice storage system]
Chilled water chiller capacity: 600 RT
(for normal cooling load)

Ice storage chiller capacity: 1000 RT
Ice storage tank: 6750 RT-HR

Power consumption: 975 KW (52%)

* Operation Model:
In night time, 600 RT of chilled water chiller is operated for

cooling and1000 RT of ice storage chiller running for Shrs to
store 675 RT-HR of cooling capacity. For high cooling load
requirement in holiday or event, the chiller is operated in
priority and the ice storage is as back up system. The total
of 12150 RT-HR cooling capacity is available (600 RTx9HR
+ 6750 RT-HR). For low cooling load requirement, the ice
storage system is operated in priority. As the ice tank is able
to share 750 RT of cooling capacity so that the chilled water
chiller can operate at 50% load, 300 RT, to reduce the energy
consumption.

9.0ffice building

% Cooling load characteristics
Main consideration is the variation of cooling load for outside

air (day or night, weather, season), however, the indoor
cooling load (person, lighting etc.) is steady. The maximum
cooling load required period is less than 65 days and over
60% of air conditioning period only requires 50-60% of
maximum design load.

* Case analysis

Cooling load for peak-hour: 1200 RT/HR

Whole day cooling load: 9720 RT-HR

[Traditional system]
Chiller capacity: 1200 RT

Power consumption: 1380 KW

[Full load ice storage system]

Ice storage chiller capacity: 1350 RT

Ice storage tank: 9720 RT-HR

Power consumption (peak hours): 256 KW (18.5%)
Power consumption (off-peak hours): 1282 KW

* Operation Model:
In night time, 1350 RT of ice storage chiller running for

9hrs to store 9720 RT-HR of cooling capacity which allows
to satisfy the cooling requirement for day time without the
operation of chiller so that the demand charge and the power
receiving device can be drastically reduced.

10.Modification of traditional
chiller system to ice storage

system - school

* Cooling load characteristics
The air conditioning period is 10:00 to 21:00 daily from May

to October. In addition, the cooling load is required for the
activities in the stadium. The consideration of the variation
of cooling load for outside air (day or night, weather, season)
is incorporated, and the indoor cooling load (person, lighting
etc.) is steady. However, the requirement of loading in
holiday and nighttime class session shall be considered as
well.

* Case analysis

Cooling load for peak-hour: 1200 RT/HR

Normal cooling load: 800 RT-HR

Whole day cooling load of peak hour: 8000 RT-HR

[Traditional system]
Chiller capacity: 1200 RT

Power consumption: 1440 KW

Demand charge: 2300 KW

[Full load ice storage system]

Ice storage chiller capacity: 1200 RT

(existing chiller modified to ice storage chiller)
Ice storage tank: 8000 RT-HR

Demand charge: 1200KW (52.1%)

* Operation Model:
1200 RT of ice storage chiller(320x2+80x3+160x2) running

for 9hrs in night time to store 8100 RT-HR of cooling capacity,
which allows to satisfy the cooling requirement for day time
without the operation of chiller so that the demand charge and
the power receiving device can be drastically reduced.
Remarks:

The original cooling water pump, cooling tower, chilled
water pump and power panel are kept and the new installed
equipments include ice storage tank, plate heat exchanger
and brine water pump.
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Tank body

*Polyethylene is the main material and use special
patented mold to make the double skin structure. The
thickness of outer-shell is 4.5mm and inner skin can be
10.5mm or more. Fill PU expanded insulation in the chamber
between outer and inner skin. The insulation can resist
water, moisture and sunshine and it is the most suitable to
place outdoors and on the raft foundation.

* No leakage, no moss, no rust, UV light resist, vibration
resist, impact resist, deformation resist, chemicals resist,

erosion resist. It is a permanent product.

Tank cover:
*Material is polyethylene molded and double skin

structure, chamber between inner and outer skin is
filled with PU insulation.

* The characteristic is the same as tank body and can be
stepped by personnel. The observing well is attached,
and the ice-making and ice-melting condition can be

observed through the well.

Heat exchanger coil

*k 16mm¢ polyethylene coil, test pressure is 10Kg,”cm.g.
Special treatment, leakage proof. Patent delta
arrangement. The low efficiency frozen area of piping
intersection angle is minimized.
Besides, the efficiency of ice-making and ice-melting
can be increased, owing to the reduced gap between
pipes,ice thickness decreased and heat transferring
area increased.

* Tank base and tank body is one-body formation and
designed with lifter hauling guidance. It is easy to move

and install.

Insulation
* PU expanded insulation is adopted and insulation effect is

better than the effect of expanded polystyrene and
expanded PE. The thinnest insulation layer of the tank is
50mm~100mm.

Pipe adapter
** Patent PE pipe copper adapter is adopted. It is guaranteed

that leakage would not happen as adapter is welded

with connecting pipe (copper pipe) by silver-brazen.
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The complete design information and cost evaluation analysis are provided upon request

G 130 RT-HR
TOTAL CAPACITY

& B

LATENT CAPACITY 108 RT-HR

SENSIBLE CAPACITY 22 RT-HR

' &
LINE SIZE(mm)
# &\
INGREDIENT

B =

TANK COVER

g B
TANK INNER

B
TANK BASE

BEME
TANK COVER INGREDIENT

Sh1E B M B
TANK OUTER COVERING

BEEME
TANK BASE INGREDIENT

NEEME
TANK INNER INGREDIENT

H7EE

EG CHARGE (Kg) e

ETERE

EG FLOW RATE (Ipm) 220

EEFDK
% E.G BY WGT.

B A& (mm) 2450
= (mm) 1700

DIMENSION(mm)

50A(2” B) X 10K
755 (FLANGE)

UNF ILLED WEIGHT(Kg) 530
FILLED WEIGHT(Kg) 5964

170 RT-HR 200 RT-HR

142 RT-HR 170 RT-HR

28 RT-HR 30 RT-HR

16 mm
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PUEEE M T5mm B
75mm PU POLYURETHANE

PUZE B M T5mm B
75mm PU POLYURETHANE

PUZE B M T5mm B
T5mm PU POLYURETHANE
mRE R K
POLYETHYLENE

EEREBRIME (SUS304 REFEH )
POLYETHYLENE (SUS304)

EEERME (SUS304 ANEEH )
POLYETHYLENE (SUS304)

BEEBRME (SUS304 REFEH )
POLYETHYLENE (SUS304)

454 518
290 330
25% ~ 21%
2450 2330
2300 2560

720 800
8228 9010

220 RT-HR

184 RT-HR

36 RT-HR

570

365

2450
21700

B5A(2 1/2” B) X 10K
/=5 (FLANGE)

900
9835
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