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ABSTRACT: 
 
 
The technology of energy conservation and operating cost reduction for air conditioning system has 
been advanced so much during the past few years and the state of art design of air conditioning has 
reached out to all the areas to improve the performance of the system. However, the effort had been 
always confined within the traditional concept of having evaporative temperature above freezing. 
Thermal storage such as chilled storage was tried, but; mostly were again in the sensible heat region 
until recent years, new approaches have been formed to combine air conditioning and refrigeration 
technologies together to build ice for thermal storage. The result is extraordinary. The ice thermal 
storage system not only improves air quality, lower annual energy consumption, it also shifts power 
demand to off-peak, which can eventually slow down the new construction of expensive power 
generating plants. 
 
 
BACKGROUND: 
 
 
In order to improve or to maintain the living standards under the stress of high energy costs, many 
energy conservation and power peak shaving methods have been developed for air conditioning 
application. The ice thermal storage is one of the better results from the modern application 
techniques to encounter the challenges of the new demands as the following: 
 
(A) The utility company provides encouragement and incentive of inducement per kw of power 

shift and provides a better rate for off-peak energy usage. 
 
(B) The desires of investors and users to improve energy usage and lower operating cost 

without sacrificing the quality of the living standard and without increase the initial cost or 
at a reasonable payback period.  

 
(C) Government policy to curb energy wastes and to encourage energy conservation.  
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Ice thermal storage is the combination of load management and peak shaving techniques which are 
developed to shift the power consumption to off-peak hours and to save the power consumption up 
to 50% over the conventional water chilling system.  
 
It is estimated that the power consumption for air conditioning systems is about 36% of the electric 
power supplied to office and commercial buildings. Therefore, the savings for the consumers and 
the power company might be as much as billions of dollars per year, if ice thermal storage systems 
are used for new installations and retrofit.  
 
 
HISTORY: 
 
 
The thermal storage for air conditioning and process cooling is not new. The concept was 
developed as early as 1930's. The application was for milk cooling, air conditioning for theaters, 
auditoriums or churches that the cooling demand is periodically and infrequent. The application 
today requires much more complicated approach. We have to combine all the new technology and 
new equipment to obtain the better result to meet the needs of today.  
 
 
THERMAL STORAGE MEDIA: 
 
 
Thermal storage can be for heating or for cooling. The media which are used to store energy are as 
the following:  
 

1.0 Water/Ice 
2.0 Solid Material  
3.0 Transphase Material 
4.0 Other liquid 

 
In an ice thermal storage system, the storage media is very important. The ideal media for the 
storage of cold energy should have the following characteristics: 
 

(a) High specific heat. 
(b) High latent heat capacity. 
(c) Good thermal conductivity. 
(d) Fusion temperature around 35°F (1.6°C).  
(e) None toxic. 
(f) Commercially safe. 
(g) None corrosive. 
(h) Environmentally acceptable. 
(i)  Low cost. 

 
From the above list, water is the next closest to the ideal media available at the present time for 
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thermal storage application. That is the reason why most thermal storage systems are designed 
around ice storage.  
 
 
COOLING LOAD PROFILE AND PEAK SAVING CONCEPT: 
 
 
A thermal storage system is not to select the "machine" to base on the peak air conditioning load, 
but to "average out" the total cooling requirement in a new term of "TR-HOURS" for the design 
day. A load profile for the building is also developed to evaluate the cooling and storage needed for 
the building. 
 
Figure-1 represents the hourly load profile of an office building having a peak design load of 1,000 
TR. The hourly air conditioning load of the design day is shown as the following: 
 
 
   Cooling Time          Cooling         Percent of 
     Period                Load           Peak  Load 
 -----------------------------   ----------------      --------------- 
   8:00 -   9:00 AM       560 TR            56% 
   9:00 -  10:00 AM       735 TR            74% 
  10:00 -  11:00 AM       830 TR            83% 
  11:00 -  12:00 AM       940 TR            94% 
  12:00 -   1:00 PM       960 TR            96% 
    1:00 -   2:00 PM       980 TR            98% 
    2:00 -   3:00 PM       1,000 TR           100% 
    3:00 -   4:00 PM       935 TR            94% 
    4:00 -   5:00 PM       780 TR            78% 
    5:00 -   6:00 PM       540 TR            54% 
                       ---------------------  
  Total 10 hours          8,260 TR-HR    
 
 
The air conditioning for the building is required between 8 AM to 6 PM. In a conventional water 
chilling system, a chiller of 1,000 TR is selected for the installation even the 100% load is only one 
hour of the entire cooling cycle between 2:00 pm to 3:00 pm.  
 
The total cooling requirement for the load profile of Figure-1 is 8,260 TR-HR for the areas 
indicated for the office building. The thermal storage system is to provide the TR-HR to satisfy the 
cooling requirement of the building on each hour during the design day, no matter the thermal 
storage is "full storage" or "partial storage". 
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FULL STORAGE ICE THERMAL STORAGE SYSTEM: 
 
Assuming the off-peak period is from 6 PM to next morning 8 AM. The full storage is to source the 
total 8,260 TR-HRS which are required for the air conditioning during the design day from the 
storage reserves. The air conditioning tr-hrs is represented by area "B" and the ice stored is 
represented by "A" in Figure-2. The tr-hrs stored in forms of chilled water or ice during the off-peak 
hours is equal to the total air conditioning requirement which is 8,260 tr-hrs.  
 
Figure-3 shows a typical brine circulated full storage thermal storage system, the function of the 
system is as the following:  
 

A. A brine chiller supplies the brine to the thermal storage unit during the off-peak 
hours such as evening time. The cold energy in form of ice is stored,  the tr-hrs is 
"charged" into the ice reserve unit. Air conditioning system is not operated during 
this charging cycle. 

 
B. During air conditioning hours, chilled water pump circulates chilled water through 

the ice reserve tanks, the water is chilled by melting the ice. The tr-hrs is 
"discharged" from the ice reserve unit, the chilled water is supplied to the air 
handling unit for air conditioning.  

 
C. The entire 100% cooling is provide by the cold energy from the thermal reserve unit. 

The brine chiller is not operated during the air conditioning hours. 
 
From Figure-2, the average capacity of the compressor during the off-peak hours operation is 
reduced to 590 TR as compared to 1,000 peak TR for conventional system. 
 
Full storage is generally not attractive enough for comfort air conditioning. It is usually better suit 
for the cooling duty which is relatively short as compared to the time for storage, such as concrete 
mixing for dam construction or milk cooling in food processing.  
 
 
PARTIAL STORAGE ICE THERMAL STORAGE SYSTEM: 
 
Partial storage is the system which the chiller is used for thermal storage in the off-peak hours and it 
is also operated as supplement cooling during day time for air conditioning duty. 
 
Partial storage is the most cost effective and better load management than full storage. Figure-4 
shows that: 
 

(a) The total tr-hrs required for the building is 8,280 tr-hrs which is the areas of "B" and 
"E". 
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(b) The areas "D" represent 4,480 tr-hrs stored in form of ice in the ice reserve unit 
during the evening time. The refrigerating machine operates 14 hours during this 
period from 6:00 pm to 8:00 am next morning at an average compressor capacity of 
320 TR.  
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(c) During day time operation, air conditioning is required from 8:00 am to 6:00 pm. 
The cooling provided by the ice melting from ice reserve unit is the area "B" which 
is 4,480 TR-HRS and the additional cooling, 3,780 tr-hrs is supplemented by the 
chiller which is represented by the area "E". The areas "B" and "E" represents the 
total cooling of the design day for the building. 

 
(d) This a typical partial storage system. The ice is stored for the partial need of the total 

cooling of the building. The chiller is running between 18:00 to 08:00 to produce ice 
which is partially required for the total cooling load. During the air conditioning 
hours, the cooling for the building is provided by the combination of the ice melting 
and the chiller as required between 08:00 to 18:00. 

 
Figure-5 shows a typical brine circulated partial storage thermal storage system. The functions of 
the system are as the following:  
 

A. During the ice making (charging) cycle, the valves Vd are closed ; the valves Vn are 
opened. the air conditioning system is not in use. The brine chiller supplies the cold 
brine to the thermal reserve unit. The ice is being made and stored in the thermal 
reserve unit.  

 
B. During the air conditioning ice melting (discharge) cycle, the valves Vn are closed 

and the valves Vd are opened. Through a plate type heat exchanger, the chilled 
water is cooled from T3 to T2 by the chiller and it is further cooled down from T2 to 
T1 through the ice reserve tank. The chilled water is supplied to air handling unit at 
the leaving chilled water temperature of T1 to the air handling units during the day 
time. 

 
C. The cooling for the building is partially provided by the ice melting from the 

thermal storage unit and partially by the brine chiller. 
 
Figure-4 shows the compressor capacity is now further reduced to an average of 380 TR for day 
time air conditioning supplement, the same refrigerating unit is operating at an average capacity of 
320 TR for ice making duty as compared to 1,000 TR peak design for conventional system.  
 
The operation of partial ice storage system can also be arranged to have ice melting as shown in the 
Figure-6 and Figure-7. Figure-6 shows the air conditioning is provided entirely by melting the ice 
from 6 AM to 12 AM, and the cooling is by combination of ice/chiller for the time period between 
12 PM to 6 PM. Figure-7 shows only chiller is operating from 6 AM to 12 PM for the air 
conditioning duty and entire air conditioning is provided by the ice melting for time period between 
12 PM to 6 PM. 
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CHILLED WATER STORAGE VS ICE THERMAL STORAGE: 
 
 
Thermal storage can be made by using any storage media such as stones, gold, oil, and etc. 
However, by considering the easiness of handling, availability, initial cost and heat capacity, water 
is considered the most convenient material and is the most commonly used in thermal storage 
system. Water can be stored in form of chilled water and in the form of ice.  
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Chilled water storage is a strict forward air conditioning application by using a conventional water 
chiller that the evaporative temperature will never be below freezing point. Ice thermal storage is a 
system combining the technologies of air conditioning and refrigeration. The advantage of having 
chilled water storage is limited, the dis-advantages are as the following;  
 

I. The specific heat of water is 1 Btu/°F per pound and the storage is only made by 
sensible heat region. The lowest possible temperature of chilled water is 38°F 
(3.3°C). the thermal storage for one pound of water from 50°F (10°C) to 38°F 
(3.3°C) is only 12 Btu. Therefore, the capacity for thermal storage is small.  

 
II. Storage volume is very large,  construction for the storage tanks is very expensive.  

 
III. Blending is a difficult problem. The system will suffer up to 30% blending loss if 

the chilled water storage tanks is not properly battled.  
 
Figure-8 shows the thermal capacity of water. The heat contend for water from 50°F to 40°F is only 
10 Btu per pound; The thermal capacity for one pound of water from 50°F to 32°F with latent heat 
is 162 Btu. 
 
If it is assumed that the water temperature in the ice reserve unit is not to exceed 40°F, the heat 
contend per pound of water comparisons for chilled water storage and ice storage are as the 
following: 
 
                             Chilled Water       Ice Thermal 
                               Storage              Storage 
                           ------------------------  ------------------------ 
 Primary Circuit 
 Chilled Water Range  50°F to 38°F       40°F to 32°F 
                            (10°C)  (3.33°C)    (4.44°C)  (0°C) 
 
 Sensible Heat   12 Btu     8 Btu 
 
 Latent Heat     -                144 Btu 
                           -----------------------   ----------------------- 
 Total Thermal  
 Capacity per pound  12 Btu   152 Btu 
 
The chilled water storage requires at least five times more space as compared to ice thermal storage 
for the same air conditioning installation.  
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ADVANTAGES OF ICE THERMAL STORAGE: 
 
 
Ice storage system is the most advanced concept and it offers certain superior advantages that 
beyond and over the capability of a conventional air conditioning system: 
 

(a) Better air quality. 
(b) Lower relative humidity condition, better comfortability. 
(c) Reduce fungus forming possibility. 
(d) Maintain quality of office documents, papers and equipment. 
(e) Smaller machine and smaller air side equipment. 
(f) Better equipment reliability. 
(g) Smaller air ducts and insulation, provide more useful space.  
(h) Smaller piping network, reduce space requirement. 
(i) Reduce power line size.  
(j) Lower energy cost and operating cost, reduce power consumption. 
(k) Reduce basic power installation and reduce demand charges.  
(l) To shift and reduce the peak electric power usage from peak-hours to off-peak 

hours. 
 
 
ICE THERMAL STORAGE SYSTEM & CLASSIFICATION: 
 
 
Ice thermal storage system usually consists of three major sections of equipment in the system: 
 
1st Section: Refrigerating System.  This is the high side equipment to provide refrigeration for 

the ice making and supplement air conditioning cooling. The equipment can be 
either condensing system to provide direct refrigerant or a brine chiller to supply 
brine, depends on what type of ice builder is used. Heat rejection can be regular 
water cooled condenser, or evaporative condenser or air cooled condenser.  

 
2nd Section: Ice Reserve Units.   This is the thermal storage unit where the ice is harvested and 

stored during the charge cycle. The ice is melted for cooling when it is in discharge 
cycle.  

 
3rd Section: Air Side Equipment.   This is the air handling units, or fan coil units or VAV. 
 
 
The system performance of any ice thermal storage system should be the combination of the three 
major sections as indicated above. The performance of the system cannot be judged solely based on 
the ice builder or the refrigerating unit alone, it should be based on the system configuration of the 
refrigerating and the ice reserve units.  
 
Basically, ice thermal storage installations can be classified in two groups. One is brine circulated 
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and the other group is direct refrigerant system: 
 
 
1.0 Brine Circulated (Indirect Refrigerant) System: 
 
 This system uses a heat transfer fluid (brine) as the secondary refrigerant. The most 

commonly used brine is Ethylene Glycol. Some ice builders are specially designed for use 
with brine. The types of ice builder and the major players under this category are: 

 
       Type of Ice Builder               Manufacturers        
 
          Ice Balls    York, Gryogel, 
       Cristopia, Mitsubishi 
 
  Solid Ice On Coil   Calmac 
 
  Ice on Coil/Tank   Fafco 
 
  Ice on Steel Coil   BAC, Evapco 
 
  Ice Lens    Reaction Ice 
 
  Eutectic Salt    Transphase 
 
 
2.0 Direct Refrigerant System: 
 
 The refrigerating unit used in this system supplies refrigerant directly instead of brine to the 

ice builder to harvest ice. The type of ice builders and the major players under this category 
are: 

 
       Type of Ice Builder               Manufacturers        
 
  Ice-on-Coil    BAC, Evapco, 
       Perma Pipe 
 
  Dynamic Ice    Turbo, Mueller, 
  (Ice Harvesting)   Morris 
 
  Slurry Ice    Sunwell 
 
 
There is other type of ice thermal storage system such as Compound Ice and etc. But, these systems 
are still under research and not yet developed for commercial application. 
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SUPERCOOL AIR SUPPLY: 
 
 
The temperature of ice is 32°F (0°C). It is nature to use the potential cold energy to produce the 
chilled water as close to the ice temperature as possible. It does not make any sense to warm up the 
ice water, unless it is required by the application.  
 
Due to the design and the construction of the ice builder which is a heat exchanger, the ice builders 
such as static ice and dynamic ice allow the direct contact of chilled water with ice, therefore, 
theoretically, the leaving chilled water temperature could be as low as 32°F (0°C). On the other 
hand, a brine circulated ice builders (except ice-on-coil type) produce much higher leaving chilled 
water temperature, because the chilled water does not contact with the ice directly and also because 
the discharge efficiency of the ice builder.  
 
A low "supercool" supply air as low as 40°F (4.44°C) to the space can be obtained if the ice builder 
is static ice or dynamic ice. The supercool air is usually not designed for brine circulated ice builder, 
because the leaving chilled water from the ice thermal storage system is not low enough that 
supercool air could be produced. 
 
 
COMPRESSOR POWER CONSUMPTION FOR VARIOUS ICE THERMAL STORAGE 
SYSTEMS: 
 
 
The power consumption of main compressor greatly depends on what of condenser is used for heat 
rejection. The power consumption is higher if air cooled condenser is used instead of water cooled; 
The power consumption is lower if the unit is with evaporative condenser as compared to unit with 
water cooled condenser. The power consumption is generally higher for brine chiller as compared 
to direct refrigerant.  
 
Figure-9 shows the theoretical power consumptions for various ice thermal storage system on ice 
duty and the Figure-10 shows the systems for day time duty air conditioning supplement. The 
average evaporative temperature for direct refrigerant ice builder is assumed at 26°F (-3.33°C) and 
the average brine temperature for brine circulated ice builder is also assumed at 26°F (-3.33°C) for 
ice duty. An average temperature of 36°F (2.22°C) is assumed both ice builders instead of 26°F 
(-3.33°C) for day time air conditioning duty.  
 
In a brine circulated ice thermal storage system, the brine is cooled by the refrigerant, the 
evaporative temperature would be about 15°F (-9.44°C) for leaving brine temperature of 24°F 
(-4.44°C). The average brine temperature is 26°F (-3.33°C) in the case.  
 
The condensing temperature is based on 92°F (33.33°C) ambient air for air cooled condenser; 90°F 
(32.22°C) to 100°F (37.77°C) water for water cooled condenser and 82°F (27.77°C) wetbulb air for 
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evaporative condenser.  
 
The compressor theoretical power consumptions for various systems from Figure-9 and 10 are 
tabulated as below: 
 
 
          System Description         Ice Duty        A/C duty     
 
   Direct Refrigerant  
 Ice Builder with Evaporative 
 Condenser      0.77 Kw/Tr      0.63 Kw/TR 
 
 Brine Circulated  
 Ice Builder with Evaporative 
 Condenser      0.92 Kw/Tr 0.77 Kw/Tr 
 
   Direct Refrigerant  
 Ice Builder with Water  
 Cooled Condenser     0.98 Kw/Tr      0.84 Kw/TR 
 
 Brine Circulated  
 Ice Builder with Water       
 Cooled Condenser       1.16 Kw/Tr 0.99 Kw/Tr 
 
   Direct Refrigerant  
 Ice Builder with Air    
 Cooled Condenser          1.16 Kw/Tr      1.01 Kw/TR 
 
 Brine Circulated  
 Ice Builder with Air         
 Cooled Condenser       1.34 Kw/Tr 1.16 Kw/Tr 
 
 
From the above comparison table, the lowest power consumption is the system which is having 
direct refrigerant ice builder with evaporative condenser. The highest power consumption is the 
system which is the brine circulated ice builder with air cooled condenser.  
 
 
COMPARISON OF ICE THERMAL STORAGE AND CONVENTIONAL WATER CHILLING 
SYSTEM: 
 
 
For comparison purpose, the system representing ice thermal storage system shall be screw 
compressor unit using direct refrigerant ice builder with evaporative condenser. The system 
presents the conventional air conditioning installation is the centrifugal water chiller. 



  19  

 - 19 - 

 
 
1.0 BASE FOR COMPARISON: 
 
 The base and the equipment used for the two representing systems are listed as below: 
 
                                    Ice Storage   Conventional   
 
 Peak Load                      1,300 TR      1,300 TR 
 
 Main Compressor        Screw        Centrifugal 
                                     Variable Vi 
 
 System                         Direct Liquid  Water Chiller 
                                      Refrigerant 
 
 Heat Rejection                   Evaporative   Cooling Tower 
                                      Condenser 
 
 Ice Builder                       Ice-on-Coil       - 
 
 Air Side                      VAV          AHU 
 
 Operation Mode                  Partial Storage       - 
                                      Ice Priority 
 
 
2.0 CHILLED WATER PIPING SYSTEM: 
 
 
 The design chilled water temperatures and the flow of the two representing system are: 
 
                                    Ice Storage   Conventional   
                              
 Chilled Water Supply   34°F    42°F 
                                    (1.11°C)       (5.56°C) 
 
 Chilled Water Return   55°F    55°F 
                                    (12.78°C)       (12.78°C) 
 
 Temperature Range   21°F    13°F 
                                    (11.67°C)       (7.22°C) 
 
 GPM Flow per TR       1.143 GPM  1.486 GPM 
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 Chilled Water Flow           1,486 GPM    1,932 GPM 
 
 Main Chilled Water Pipe     6" φ      8" φ 
 
 As much as 62% reduction in chilled water circulation. The other benefits from chilled 

water piping system by using ice thermal storage system are: 
 
   A. Smaller chilled water piping system. 
   B. Smaller in energy consumption of chilled water pumping. 
   C. Smaller pumps. 
   D. Smaller valves. 
   E. Less insulation materials. 
   F. Less space. 
   G. Less installation labors. 
   H. Smaller power lines. 
   I. Smaller electrical starting equipment. 
 
 
3.0 COOLING WATER PIPING SYSTEM: 
 
 
 Evaporative condenser is used for the ice thermal storage system, therefore, no external 

cooling water piping is required. 
 
 
                                    Ice Storage   Conventional   
                              
 Condenser Water Supply  NA     90°F 
                                                  (32.22°C) 
 
 Condenser Water Return  NA         100°F 
                                                  (37.78°C) 
 
 Temperature Range   NA    10°F 
                                                  (5.56°C) 
 
 GPM Flow per TR Condensing NA      3.0 GPM 
 
 Cooling Water Flow           NA         3,900 GPM 
 
 Main Cooling Water Pipe Size NA          10" φ 
 
 Heat Rejection    Evaporative    Cooling 
                                      Condenser      Tower 
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4.0 AIR DUCT SYSTEM: 
 
 
                                    Ice Storage   Conventional   
                              
 Design Room Temperature  75°F  75°F 
                                    (23.89°C)     (23.89°C) 
 
 Supply Air Temperature  40°F  55°F 
                                    ( 4.44°C)      (12.78°C) 
 
 Temperature Range   35°F  20°F 
                                    (19.44°C)    (11.11°C) 
 
 Sensible Load       10 MMBH     10 MMBH 
 
 CFM Air Circulation           264,550 CFM   462,963 CFM 
 
 
 As much as 40% reduction for air supply system. The other benefits from air distribution 

system by using ice thermal storage system are: 
 
    A. Smaller air handling units. 
    B. Smaller air ducts. 
    C. Smaller fan power consumption. 
    D. Less insulation. 
    E. Smaller space for air distribution system. 
    F. Less installation labors. 
    G. Smaller power lines. 
    H. Smaller electrical starting equipment. 
 
 
5.0 INSTALLED KW:  
 
 
                                     Ice Storage         
                            DAY TIME   NIGHT TIME   Conventional   
 
 Main compressor  452    422        1,073 
 
 Liquid Recirculation         -              17           - 
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 Evaporative Condenser 
          Fan                   45             45           - 
          Pump                 11             11           - 
 
 Cooling Tower 
          Fan                    -              -           76 
          Pump                  -              -           64 
                             ------------   -----------------   ------------------ 
 Installed Kw             508 Kw        495 Kw       1,213 Kw 
 
 
The installed Kw for the ice thermal storage system in the engine room is reduced more than 50% 
as compared to conventional chiller system and therefore, the demand charge for ice thermal 
storage is reduced considerably.  
 
 
6.0 INSTALLATION COST: 
 
 
 The initial cost of the refrigeration unit is normally higher than the standard water chiller. 

However, The combination installed cost and operating expenses for ice thermal storage 
system is usually very attractive as compared to a conventional chiller system since the air 
side system is about 43% smaller, it circulates 38% less chilled water and the ice thermal 
storage uses evaporative condenser which the entire cooling water piping and cooling tower 
is eliminated. The payback for the ice thermal storage system is usually very good for most 
countries. 

 
 
COMPRESSOR FOR ICE THERMAL STORAGE APPLICATION: 
 
 
The compressor in an ice thermal storage system is required to be operated for both ice making and 
air conditioning duties. The suction temperature of the compressor varies widely from ice making 
cycle to air conditioning duty. The approximate compression head for the typical operating 
conditions of the compressor based on water cooled condenser in a brine circulated ice thermal 
storage system are estimated as the following: 
 
 
          Operating Condition          Ice Duty        A/C duty     
 
   At Design Condensing Temp.  
 and Average Suction      12,200 ft.      11,080 ft. 
 
 At Design Condensing Temp. 
  & Final Hour of Ice Making    13,460 ft.         - 
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 During Off-season Operation 
  & Average Suction         8,350 ft.    6,730 ft 
 
The compression heads at design condensing temperature and at average suction for ice duty and 
a/c duty shown above are taken from Figure-9 and Figure-10. The compression head for final pull 
down is based on suction temperature of 12°F (-11.1°C). The condensing temperature for 
off-season is assumed at 75°F (23.9°C). 
 
From the above data, it is very obvious that the compression head of the compressor used for the ice 
thermal storage system varies from around 55% to 110%. The refrigeration capacity of the 
compressor is also varying widely, from 100% down to as low as 5%. Therefore, the compressor 
used for any ice thermal storage system should be variable head and variable volume machine such 
as screw compressor instead of constant head compressor such as centrifugal. The chiller or the 
refrigeration system should be equipped with automatic hot gas bypass valve capable to operate 
down to 0% load, no matter what type of compressor is used.  
 
 
SYSTEM CONFIGURATION: 
 
 
In a partial ice thermal system, the cooling for the building is provided by the combination of ice 
melting and the chiller. Therefore, in a partial ice thermal storage system, the system is to be 
arranged to ensure the ice builder and the chiller are working together as they should be; A priority 
mode has to be in place so the system can be designed and operated in accordance with the mode 
intended; A control logic has to be established how the chiller and the ice reserve unit perform 
compensatory way to satisfy the tr-hrs needed for the building, at the full load and also any point of 
partial load.  
 
The system might face the following difficulties if the operating mode between chiller and the ice 
melting is not fixed and the control is not designed accordingly: 
 

1.0 The ice has already been exhausted before the discharge cycle.  
 

2.0 The system leaving chilled water temperature is mixed up. 
 

3.0 The system performance is unpredictable. 
 

4.0 Ice reserve unit is unable to discharge the tr-hrs as design. 
 

5.0 The chiller is performing under capacity.  
 

6.0 The ice thermal storage system is short of capacity to meet the building load and yet 
the size of ice reserve unit and the capacity of the chiller are correct in accordance 
with the calculation.  
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ICE PRIORITY OR CHILLER PRIORITY: 
 
 
Whenever an ice thermal storage system is designed, a priority must be given to the system to 
designate whether it is to be operated as "Ice Priority" or "Chiller Priority". 
 
Ice Priority: 
 
 The load profile in Figure-11 shows the ice priority mode. The ice reserve unit provides a 

constant fixed tr-hrs as main cooling source. Whatever the tr-hrs is beyond the ice reserve 
unit as designated, it is supplemented by the chiller to provide the total tr-hrs required for 
the building for each hour. The chiller is only running at full load during the peak load hour 
during the design day and it is unloaded most times during the day time operation.  

 
Chiller Priority: 
 
 The load profile of Figure-12 shows that the chiller priority mode. In this case, the chiller 

provides the main cooling source during air conditioning period. The chiller delivers a fix 
tr-hrs for the cooling and supplement by the ice whenever the cooling is beyond the capacity 
of the chiller. In chiller priority mode, the chiller is running all the time during the day time.  

 
Ice priority mode is always recommended for partial ice thermal storage system. See article "System 
Configuration, Ice Thermal Storage Systems" for further details.  
 
 
WHEN TO USE THERMAL STORAGE SYSTEM: 
 
 
The basic requirement for an ice thermal storage system is that time must be provided for the 
refrigerating unit to harvest the ice. A typical installation for ice thermal storage system is an office 
building that air conditioning is not used during evening hours. There is no point to design an ice 
thermal storage system if the system is to be operated 24 hours with almost constant load.  
 
 
OTHER ICE THERMAL STORAGE SYSTEM INFORMATION: 
 
 
This article only describes the basics and the overview of the ice thermal storage. Further 
information related to ice thermal storage application is available in separate articles as the 
following:  
 

(1) Brine Circulated Ice Thermal Storage Systems. 
 (2) Direct Refrigerant Ice Thermal Storage Systems. 
 (3) System Configuration for Ice Thermal Storage. 
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SUCCESSFUL ICE THERMAL STORAGE INSTALLATION: 
 
The ice thermal storage system would eventually become the main stream in air conditioning 
installations in the future. The performance of many current installations using ice thermal storage 
is not up to the expectation; the reason is mainly due to the following mistakes: 
 
 
(A) The "system" is not designed, arranged and controlled to meet the requirements of system 

configuration.  
 
(B) The chiller is not selected properly to meet the wide fluctuation of head variation and 

refrigeration capacity change, particularly if the system is arranged for chiller priority 
operation; chiller should be selected for lowest system partial load condition even the chiller 
is at full load as required.  

 
(C) The ice builder is not selected to meet the discharge efficiency required for the design.  
 
(D) The hydraulic flow and fluid distribution for the ice builder(s) are not arranged properly 

resulted in short circuit of thermal heat transfer inside of the ice reserve tank or between the 
ice reserve tanks.  

 
(E) The quality and/or the construction of the ice builder itself are not up to an industrial 

standard.  
 
 
Ice thermal storage system is a system just like any other air conditioning systems. All the 
techniques used in ice thermal storage system are not new and are the proven technologies. The 
only difference is that the ice thermal storage system requires certain degree of "system" 
engineering. The ice thermal storage will surely work, provided the "system" is designed properly.  


