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“ Storing HighHigh or Low Low 
temperature energy for later 

use in order to bridge the 
time gap between energy 

availability and energy use “

THERMAL ENERGY STORAGETHERMAL ENERGY STORAGE



* Reduced Machinery Size

* Reduced Running Cost

* Improved System Operation

* Flexible System

* Environmental Benefits

WHY THERMAL ENERGY STORAGE ?WHY THERMAL ENERGY STORAGE ?
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THERMAL ENERGY STORAGETHERMAL ENERGY STORAGE
TECHNIQUESTECHNIQUES

SENSIBLESENSIBLE
TESTES

LATENTLATENT
TESTES

Chilled / HotChilled / Hot
WaterWater

FabricFabric
TESTES

EutecticEutectic
TESTES

IceIce
TESTES
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THERMAL ENERGY STORAGETHERMAL ENERGY STORAGE
TECHNIQUESTECHNIQUES

SENSIBLESENSIBLE
TESTES

Chilled / HotChilled / Hot
WaterWater

FabricFabric
TESTES

Michael Young Building, Michael Young Building, 
Open University, Open University, 

Milton KeynesMilton Keynes
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CURRENT ICE PRODUCTION CURRENT ICE PRODUCTION 
TECHNOLOGIESTECHNOLOGIES

STATIC STATIC 
ICE PRODUCTIONICE PRODUCTION

1) Ice Builders
2) Ice Banks
3) Encapsulated 

Ice Modules
a) Balls
b) Flat Containers

DYNAMIC DYNAMIC 
ICE PRODUCTIONICE PRODUCTION

1) Plate Harvester
2) Tube Harvester
3) Flake Ice Machines
4) Binary Ice Machines
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THERMAL ENERGY STORAGETHERMAL ENERGY STORAGE
TECHNIQUESTECHNIQUES

LATENTLATENT
TESTES

EutecticEutectic
TESTES

IceIce
TESTES

DYNAMIC ICE STORAGEDYNAMIC ICE STORAGE

STATIC ICE STORAGESTATIC ICE STORAGE



EUTECTIC MATERIALEUTECTIC MATERIAL
PHASE CHANGE MATERIAL (PCM)PHASE CHANGE MATERIAL (PCM)

Mixture of two or more chemicals (inorganic salts) 
having a freezing / melting temperature point which 

is higher or lower than those of water 0 C  (32F).

ORGANIC COMPOUNDSORGANIC COMPOUNDS SALTSALT--BASED SOLUTIONSBASED SOLUTIONS
Wax
Vegetable Oil
Soya / Sugar

Glauber’s Salt
Calcium Chloride
Organic Salts



WHY EUTECTIC THERMAL ENERGY STORAGE?WHY EUTECTIC THERMAL ENERGY STORAGE?

IceIce
TESTES

EutecticEutectic
TESTES

Chilled WaterChilled Water
TESTES

0 C0 C
+10 C+10 C

+5 C+5 C
Delta T = 5 K Delta T = 5 K 

335 kJ/kg 140 kJ/kg 4.18 kJ/kgK *  5 K ( 20.0 kJ/kg)
915 kg/m3 1470 kg/m3 1000 kg/m3
306 MJ/m3 206 MJ/m3 20 MJ/m3

1/151/15 1/101/10 11
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COMMERCIALLY AVAILABLE COMMERCIALLY AVAILABLE 
PHASE CHANGE MATERIALSPHASE CHANGE MATERIALS

A A -- Alkine / Aliphatic Based SolutionAlkine / Aliphatic Based Solution EE-- Eutectic Based SolutionEutectic Based Solution

PCM Phase Change Phase Change Density Density Latent Heat Latent Heat Latent Heat Latent Heat Spec. Heat 
Type Temperature (C) Temperature (F) (kg/m3) (lb / ft3) (kJ/kg) (Btu / lb) (MJ/m3) (Btu / ft3) (kJ/kg K)
E117 117 243 1450 90.5 169 72.7 245 6,580 2.61
E89 89 192 1550 96.8 163 70.1 253 6,784 2.48
E58 58 136 1280 79.9 226 97.2 289 7,767 0.72
E48 48 118 1670 104.3 201 86.5 336 9,013 0.70
E32 32 90 1460 91.1 186 80.0 272 7,291 0.78
E30 30 86 1304 81.4 201 86.5 262 7,038 0.69
A28 28 82 789 49.3 245 105.4 193 5,190 2.22
E21 21 70 1480 92.4 150 64.5 222 5,961 0.68
E19 19 66 1484 92.6 146 62.8 216 5,817 0.68
E17 17 63 1487 92.8 143 61.5 213 5,709 0.67
E13 13 55 1489 93.0 140 60.2 208 5,597 0.67
E10 10 50 1519 94.8 140 60.2 213 5,710 0.66
A8 8 46 773 48.3 220 94.6 170 4,566 2.16
E8 8 46 1469 91.7 140 60.2 206 5,522 0.67
E7 7 45 1542 96.3 120 51.6 185 4,968 0.62
A4 4 39 766 47.8 227 97.6 174 4,669 2.18

WATER 0 32 1000 62.4 335 144.1 335 8,995 4.186
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21 DegC PCM SOLUTION TEST DATA

5

10

15

20

25

30

35

40

1 16 31 46 61 76 91 10
6

12
1

13
6

15
1

16
6

18
1

19
6

21
1

22
6

24
1

25
6

27
1

28
6

30
1

31
6

33
1

34
6

36
1

37
6

39
1

40
6

42
1

43
6

45
1

46
6

48
1

49
6

51
1

52
6

54
1

Time ( 1 Minutes)

Te
m

pe
ra

tu
re

 (C
)

PCM, E-21 Water Bath PCM, E-21 Water Bath
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PHASE CHANGE MATERIAL TYPESPHASE CHANGE MATERIAL TYPES



PHASE CHANGE MATERIAL APPLICATIONSPHASE CHANGE MATERIAL APPLICATIONS
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A TYPICAL PASSIVE COOLING A TYPICAL PASSIVE COOLING 
ELECTRONIC CHAMBERELECTRONIC CHAMBER

APPLICATIONAPPLICATION

DAY (+45C)DAY (+45C) PCM (+32C)PCM (+32C) DAY (+27C)DAY (+27C)

ROOM (+45C)ROOM (+45C)
MAXMAX
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ELECTRONICELECTRONIC
COOLINGCOOLING

REMOTE PUMP STATIONSREMOTE PUMP STATIONS

TELECOM SHELTERSTELECOM SHELTERS

SHELTER BACK UP COOLINGSHELTER BACK UP COOLING

CEILING FITTINGSCEILING FITTINGS

SHELTER COOLINGSHELTER COOLING
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PlusICE CellsPlusICE Cells PlusICE CellsPlusICE Cells

Cool
Outside

Air

DISCHARGE PERIODDISCHARGE PERIOD CHARGE PERIODCHARGE PERIOD

WarmWarm
RoomRoom

AirAir
RisesRises

CoolerCooler
AirAir

FallsFalls

CoolerCooler
AirAir

FallsFalls

Solar GainsSolar Gains

Ceiling VoidCeiling Void

CoolerCooler
AirAir

FallsFalls

Warm AirWarm Air
Absorbed byAbsorbed by

Cooler Ceiling Cooler Ceiling 
TilesTiles

WarmWarm
RoomRoom

AirAir
RisesRises
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Nottingham University Office Building PCM/ Heat Pipe Passive CooNottingham University Office Building PCM/ Heat Pipe Passive Coolingling
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Temperature monitor, 14 - 21 June 1999
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LECTURE THEATHER PASSIVE COOLING CELL INSTALLATION

Ceiling LayoutCeiling Layout

750mm
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CEILING VOIDCEILING VOID

1,000 mm Strip
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Approx. 12 Tubes / m run
Weight = 40 kg

Total 8 Rows and each row having
96 TubeICE containers;
Total: 768 TubeICE containers

Spread between 6m ~ 12m to suit the ceiling services
Over the seating area (total PCM coverage 48m2 (37% ceiling area)

Tube ICE

Rising
Warm 
Air

Falling
Warm 
Air

+27C, TubeICE

Ceiling

PASSIVE COOLING 
CONCEPT





CLASSROOM PASSIVE COOLING CELL INSTALLATION

Ceiling LayoutCeiling Layout
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Approx. 12 Tubes / m run
Weight = 40 kg

Total 6 Rows and 
each row having
60 TubeICE 
containers;
Total: 360 TubeICE 
containers
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Tube ICE

Spread between 6 m ~ 7.5m  to suit the ceiling services
Over the seating area (total PCM coverage 22.5 m2 (40% ceiling area)
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The Stevenage (UK) Passive Cooling Office ApplicationThe Stevenage (UK) Passive Cooling Office Application
This office has a number of ‘environmentally friendly’ features This office has a number of ‘environmentally friendly’ features which follow the which follow the 

principles of sustainability and Local Agenda ‘21’principles of sustainability and Local Agenda ‘21’
LCD Flat Screens:

The LCD flat screen computer 
monitors installed in this office 
use less than a third of the 
energy of a traditional CRT 
monitor. They produce the 
same proportion less heat thus 
reducing the summertime 
overheating problems and a 
financial saving in energy cost.
They allow desks of a shallower 
depth to be utilised with the 
consequential saving in 
materials and better utilisation 
of office space.
LCD flat screens are very much 
less susceptible to glare and do 
not require inefficient highly 
defused light fittings to be 
installed.

Comfort Cooling:
This office area is partially cooled during the summer months by
using cool air at night to cool the structure of the building which is 
used to reduce the daytime temperature. 
The cooling capacity of the structure has been enhanced with the
innovative use of a ‘Phase Change Material’. This Phase Change 
Material which changes state at a predetermined temperature, is 
fitted to 48 steel plates which are positioned close to the concrete 
slab in the ceiling void.
Air from the room is delivered via ceiling fans and flexible ducting 
to the centre of the plates and discharges back into the room via 
the ceiling void.
The operating cycle of the system in summer is as follows:
Night-time - Window fans bring cool air from east side of building 

and discharge warm air to west elevation.
- Ceiling fans operate at high speed to cool structure and 

pcm panels.
Daytime - (When temperature reaches preset level – 24oC).

- Ceiling fans operate at slow speed to circulate room air 
through pcm panel to stabilise the room temperature.

Solar Reflecting Blinds:
The vertical blinds in this 
office are special highly 
efficient solar reflective 
blinds which reflect 73% of 
the solar radiation and 
reduce the solar heat gain 
by 94% thereby helping to 
reduce the summertime 
temperature.
Note: Ensuring that the 
blinds on the east (bus 
station) side of the building 
are closed at night, will 
significantly reduce the 
effect of early morning 
sun.

Solar and Occupancy Lighting Controls:
The main lighting in this office is controlled by solar sensors which 
will turn the lighting off when sufficient daylight is available. 
The meeting room and office areas have occupancy and solar 
sensors to ensure that the lights are not on when the areas are not 
occupied.
For night-time security/caretaking the two centre rows of lights will 
operate when anyone enters the area.
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Commonwealth GamesCommonwealth Games
Olympic VillageOlympic Village

Solar Heating (Australia)Solar Heating (Australia)
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B) COOLING TOWER SYSTEMB) COOLING TOWER SYSTEM

D) COOLING TOWER D) COOLING TOWER 
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PlusICE  TES  SYSTEMPlusICE  TES  SYSTEM

WATERWATER
CHILLERCHILLER

DRYDRY
COOLERCOOLER
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A) DRY COOLER SYSTEMA) DRY COOLER SYSTEM

C) DRY COOLERC) DRY COOLER
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PlusICE  TES  SYSTEMPlusICE  TES  SYSTEM

PlusICEPlusICE
TESTES

MODULEMODULE

PlusICEPlusICE
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MODULEMODULE

CHILLEDCHILLED
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+15C+15C
PCM Balls in 

2 No 30m3 Tanks

Melbourne City CouncilMelbourne City Council
CH2 Building (Australia)CH2 Building (Australia)
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GENERAL VIEWGENERAL VIEW

OPEN OFFICESOPEN OFFICESSECTIONAL OFFICESSECTIONAL OFFICES



CHINA SHIPPING BUILDING, Felixstowe, UKCHINA SHIPPING BUILDING, Felixstowe, UK

SecondarySecondary
PumpPump

PrimaryPrimary
PumpPump

33--WayWay
ValveValve

5C

Chilled CeilingChilled Ceiling
PumpPump

14~17C

12C

12C

120 kW
Chiller

Capacity

1,200 kWh
TES Capacity

In 6,000 FlatICE
Containers filled
With +13C PCM

5C

16~20C



AIR COOLED AIR COOLED 
CHILLERSCHILLERS

CONDUCTIVITYCONDUCTIVITY
TRANSDUCERSTRANSDUCERS

PCMPCM
TANKSTANKS

BMSBMS



CHINA SHIPPING BUILDING, Felixstowe, UKCHINA SHIPPING BUILDING, Felixstowe, UK

Chilled Chilled 
Ceiling Ceiling 

ArrangementArrangement





StackableStackable
PressurizedPressurized
Steel TanksSteel Tanks

Heat Heat 
PumpPump

FlatICE FlatICE 
ContainersContainers

FlatICE FlatICE 
ContainerContainer

ss

Solar
System

Hot WaterHot Water
TankTank

Building Load Chilled Chilled 
Water Water 
CircuitCircuit

GROUND GROUND 
SOURCESOURCE
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3m3, +8C, 150 kWh TES Tank3m3, +8C, 150 kWh TES Tank
Filled with 400 FlatICEFilled with 400 FlatICE

3m3, +45C, 150 kWh TES Tank3m3, +45C, 150 kWh TES Tank
Filled with 400 FlatICEFilled with 400 FlatICE





Solar
System

Hot WaterHot Water
TankTank

Building Load Chilled Chilled 
Water Water 
CircuitCircuitHeat Heat 

PumpPump

FlatICEFlatICE

Chilled Chilled 
Water TankWater Tank

Heat Heat 
ExchangerExchanger

Hot Hot 
Water TankWater Tank

FlatICEFlatICE



FlatICEFlatICE
ContainersContainers

Tank LayoutTank Layout

Tank LayoutTank Layout

FlatICE LayoutFlatICE Layout

Buffer PlateBuffer Plate

Tank LayoutTank Layout

Buffer PlateBuffer Plate





Heat Heat 
PumpPump

BallICEBallICE

Solar
System

Hot Water
Tank

Building Load Chilled 
Water 
Circuit

6 m36 m3
+8C +8C 
BallICEBallICE
TanksTanks6 m36 m3

+46C+46C
BallICEBallICE

TanksTanks

BallICBallIC
EE



CHILLED WATER STORAGECHILLED WATER STORAGE
6m3, +8C6m3, +8C
300 kWh 300 kWh 
TES Tank TES Tank 
filled withfilled with
33,000 33,000 
BallICEBallICE

HEAT  STORAGEHEAT  STORAGE
6m3, +45C 6m3, +45C 
300 kWh 300 kWh 
TES Tank TES Tank 
filled withfilled with
33,000 33,000 
BallICEBallICE

Inlet

Outlet

+8C PCM+8C PCM
BallICEBallICE

+45C PCM+45C PCM
BallICEBallICE



HEAT STORAGEHEAT STORAGE

CHILLED WATERCHILLED WATER
STORAGESTORAGE

Electric Chiller

Heat Driven
Chiller

Generator

ELECTRICELECTRIC
USAGEUSAGE

COOLINGCOOLING
SERVICESSERVICES

HEATINGHEATING
SERVICESSERVICES

ELECTRIC LOAD PROFILE
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Cooling Load Profile
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Heating Load Profile
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COGENERATION THERMAL ENERGY STORAGECOGENERATION THERMAL ENERGY STORAGE







Zero Energy Office (ZEO) BuildingZero Energy Office (ZEO) Building
Pusat Tenaga MalaysiaPusat Tenaga Malaysia





WHY PCM FABRIC ENERGY STORAGE?WHY PCM FABRIC ENERGY STORAGE?

50%50%
PCMPCM

25%25%
PCMPCM

BrickBrick
StoneStone

ConcreteConcrete

+5 C+5 C
Delta T = 5 K Delta T = 5 K 

200 kJ/kg 200 kJ/kg 0.8 kJ/kgK *  5 K ( 4.0 kJ/kg)
1,280 kg/m3 1,170 kg/m3 1,060 kg/m3
128.5 MJ/m3 59.2 MJ/m3 4.24 MJ/m3

1/301/30 1/141/14 11



CONCLUSIONCONCLUSION
1)Utilise any WASTE & FREE energy.

2)2)SearchSearch for optimum combination.

3)Diversify energy consumption.

4)Consider alternative / emerging technologies.

5)First Cost Vs Life Cycle Cost.

6)Use appropriate technology for application.


