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Boca Phase Change Materials 
Thermal Storage System (Boca-PCM-TES)

for Heating, Cooling & Refrigeration 
Phase Change Range: -114� to +220�
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Tel: +852 94662367, 31766028    

Fax: +852 31766099   
Email: bocaeps@netvigator.com



Jan 2007 Boca-PCM-TES 2

Boca-PCM-TES’s Factory in HK
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Chemical Reactor in factory
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Production & Laboratory in factory
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3 Major Element of PCM-TES
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What is PCM? � � � � � � � �
Substance change between Solid, Liquid or Gas, called Phase Change;���������	�
��
�����
During Phase Change, a lot of heat energy will be absorbed/released;������
���������������
Heat Energy absorbed/released during Phase Change is called Latent Heat;����
����� ����!��
Substance can store Heat Energy during Phase Change is called Phase Change 

Material (PCM)"#$����
 ��%!�& ������'(�
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� � � � ) * + , � �
Chemical commonly used for PCM

CO(NH2)2Urea

Na2S2O3.5H2OSodium Thiosulphate Pentahydrate 

Na2SO4Sodium Sulphate*

NaNO3Sodium Nitrate

NaClSodium Chloride*

Na2B4O7.10H2OSodium Borate Decahydrate (Borax)*

CH3COONa.3H2OSodium Acetate Trihydrate

SiO2Silica (fumed) powder)

SiO2Silica (fumed) aqueous dispersion)*

KNO3Potassium Nitrate 

KCIPotassium Chloride*

Mg(OH)2Magnesium Hydroxide 

Mg(NO3)2.6H2OMagnesium Nitrate Hexahydrate 

MgCI2.6H2OMagnesium Chloride Hexahydrate 

Ba(OH)2.8H2OBarium Hydroxide Octahydrate 

NH4NO3Ammonium Nitrate 

NH4CIAmmonium Chloride*
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Boca-PCM-TES
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 � � �
 � � �
 � � �
 � � � ����

Daily Operation Mode for 
Boca-PCM-TES��������	
��
��������������������� !"#�$%&'(�$%&)*�
�)*+,-�(./0

Consideration�
Chillers Plant (COEP)� Ambient 
Temperature & Humudity, Electricity Tariff, 
TES Capacity, TES Operation, Chiller 
Plant Operation, Building Cooling Load.

Cooling + Heating Output
COEP = ----------------------------------

Electricity Tariff Input
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 Respective tank pumps
power s

Respective pumps auto 
positions

Only one pump running 
mixing & header disch < 

7degc?

The Diff. Temp. of tank 
is <0.3 7degc?

Auto

Y

Y

Power normal

Valve status 
alarm?Y

1. PI control.  5% PI 
object output dead 
band to sequence 

pumps 
2.5 minutes minimum 
on time for al l pumps 

PCM Thermal Energy Storage System 
Sequence of Operation Flow Chart

Power Demand Off 
peak? SUB1

END

N

Y

N

START

Power Demand Off 
peak?

All tanks are empty?

Any one of the CHW 2nd 
pump status is on?

Close 3 ice storage 
charging valves. 

4 discharged valves 
100% open

Print respective 
alarm

Tank selection 
lowest Ice inventory 

as lead tank 

Valve status 
alarm?

Print respective 
alarm Y

Print respective 
alarm 

No power status

Print respective 
alarm Manual

Start/stop  4 lead tank pumps in 
sequence  to maintain 7degC of 
mixing header discharge temp

Modulate one discharge 
modulation valve  to maintain 

the 7degc setpoint

Pump trip alarmY
Print respective 

alarm

Enable/Disable the remain 2 sets of 
tank in sequence by start/stop the 

respective tank pumps to maintain the 
header discharge temp. at 7degc?

N

Y

N

Log the error of the tank 
invertory vs time. 

Assume the tank is empty,step 
down the pumps one by one and 

close the discharge valve.

All available tank is 
used and the header 

Temp. > 7degc? 

SUB2
Level is 2 Y

N

SUB2
Level is 1

SUB1Y

Y

SUB1

Pump running 
alarm

Ice storage inventory 
management program to 

predict the ice 
requirement for the next 
day by Graphic interface

All tank pumps shut 
down

Print respective 
alarm Y

Ramp down  the 
chil ler supply temp 

from 7degC to 
-5.4degC

Any one of the CHW 2nd 
pump status is on?

Close all CHW 
discharge valves.

N

Modulate the discharge valves in 
sequence to maintain the mixing 
hearder supply Temp. at 7 degC .

Y

SUB2

What is the run_level?

1

All tank pumps shut 
down

4 discharge valves 
100%  open

Confirm the Chil ler running 
request is 0

Set the Chiller 
running request is 1

Valve status 
alarm?YPrint respective 

alarm

Valve bumps 
alarm?

Print respective 
alarm

Y

3 ice storage 
charging valves 

100% close.

Valve status 
alarm?YPrint respective 

alarm

Chiler lead/lag selection baseon 
user selectable chi ller run time

2

Print Chil ler power 
alarm

Print Chiller auto 
position alarm

Enable/disable chil lers in
 sequence to maintain the mixing 
header discharge temp @ 7degC 
(The chillers must be operating at 

the optimum capacity when 
enable a additional chil ler)

30 Mins. Minimum on time for 
each chil ler 

Reset the Chw 
supply setpoint on 1 
degC drop of diff 1 
degC rise of supply

If header supply  header 
return< 5  degC and No tank is 

running?

Y

N

Setpoint high limit set at 
12degC 

Full Storage Re-charge
OR

 Partial Recharge of Storage 
& Partial System Supply

Simultaneous Supply from 
storage & chillers

OR
Direct supply from Chillers

Valve status 
alarm?YPrint respective 

alarm

Valve status 
alarm?

YPrint respective 
alarm

Close the charging valve for 15 
Mins and open it again , also 

shut down the relative Chillers.

Leaving Temp. of the 
Charging tank < Pre-set 

value

Y

N

Ramp down the Chiller supply 
Temp from 7degC to -5.4 degC

Rapidly charge Enable each 
chiller every 2 Mins intervals

Return Temp=Chiller 
efficient operation

Y

Disable chi llers in sequence to 
maintain the efficient Temp. at 

setpoint,unti l the next day 
predicted inventory requirement 

is met. N

Chillers alarm?YPrint respective 
alarm

Full  Storage Re-charge
OR

 Partial Recharge of Storage 
& Partial System Supply

Full  Storage Re-charge
OR

 Partial Recharge of Storage 
& Partial System Supply

Simultaneous Supply from 
storage & chillers

OR
Direct supply from Chillers

Simultaneous Supply from 
storage & chillers

OR
Direct supply from Chillers

Start next 
pump

This happen in 
During operation , 
start next chiller  

Start next 
Chiller

� � � � � � � � � 	 
 � � 
 � � � � 
 � � � � � � �
A.I. Energy Management Software Incorporated

PCM-TES & variable speed chiller
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� � � � � � � � 	 
 � � 

Proposed chilled water system for 

Boca-PCM-TES

� � � � � � � � 	 
 � � 
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15� 5�

10� 5�

8� PCM

15�

• No need for any glycol chiller
• Use less than half of electricity during the off peak 

night time freezing the PCM compare with Ice TES.
• Can apply large delta temperature� 10� � concept 

and further save 50% pump and 33% fan power.
• Increase typical chiller COP from 6 up to 17.8
• No need for heat exchanger, higher efficiency.
• Can apply to any existing plant.
• Less investment cost compare Ice TES.
• Less chiller plant room space.
• Less maintenance cost.
• Extend the life of chiller plant.
• 100% safe and environmental friendly to use.
• Free Cooling can be applied
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�T=10��T=5 �

Indoor

Temp12
16 �
26 �AHU/FCU34
7 �

12 �5678Chiller

Plant

9:34 Normal  ����T A/C System

�T=�15 ��T=�10 �

Indoor

Temp12
11 �
26 �

AHU/FCU34
4 �5 �
14 � 15 �

;%578
Chiller

Plant+

PCM-

TES

Chilled Water Large �T with PCM-TES
� / � � 0 1 # 4 5 6 7 8 9 2 3
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! � " � � # $! � " � � # $! � " � � # $! � " � � # $
Apply variable speed chiller with 

Boca-PCM-TES can further 
increase the COP
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: ; 4 < = > ? @A B C D # $ E * F G
The COP of Chiller during part & full load
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HI I JK L E * 8 9 M N 3 O
2003 HK Chiller Cooling Load Statistics
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� � � � � � � � � � � � � � � � � � � �  ! " # $
Compare the fix & variable speed chiller during part load
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- . � / � � 0 1 # 2 3 # P Q R S
How much can Boca-PCM-TES reduce?�� ������	
��� 
������� ����������������� �� !"� �#�$%�&� !'(���)� ���*�� ����+,-./01� ����2345678�9:��

1. Electricity tariff can be reduced, 
on/off peak = 2~7:1

2. Chiller Cooling Capacity can be 
reduced 30~70%

3. Cooling Tower or Condenser can 
be reduced

4. Chiller Plant room area can be 
reduced

5. Power Source, Transformer, Cable 
& switched can be reduced

6. Refrigerant can be reduced
7. Chillers start stop operation can be 

reduced
8. Chillers Part Load condition can be 

reduced
9. Chiller Plant maintenance cost can 

be reduced
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- . � / � � 0 1 # 2 3 # T . S
How much can Boca-PCM-TES can increase?

1. � � � � � � � � 	

2. � 
 � � � � 
 � �

3. � 
 � � � � �

4. � 
 � � � � 
 � �

5. � 
 � � � � � �

6. � 
 � � � � � � �

1. Cooling Capacity

2. Chillers Efficiency
3. Chilled Water Controls

4. Chillers Life
5. Chiller Plant Reliability
6. Chiller Plant Flexibility
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- . � / � � 0 1 # 2 3 U V WX + Y Z
What is the additional benefit of Boca-PCM-TES?

� � � � � � � � � � �
 ! " # $ %� & '
( 	 )

* �  ! + , - . / 0 )
1�  ! 2 � %3 4 5

6 )
7� 8 � � � � 
 9 : ;

< = > ? @A B 4 5
� � � C D E� FG%3 H

1. Uninterrupted Cooling 
System, reduce standby 
genset capacity;

2. Reduce CO2 
discharge)

3. Reduce Maximum 
Demand Charges)

4. Increase Chillers Plant 
Part Load Operation 
Efficiency at least 15%.
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[ \ ] ^ _ ` a b Shenzhen Electricity Tariff
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%& ' � ( ) * + ,
- . . / 0 
 � 1 2 3 4

5. 6. . . 7 8 � 9 : ; < = > ?
China have installed more than 300 Ice 

TES for New Projects Only!
How about 10,000 existing buildings?
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E * - . � / � � 0 1 # 2 3 U c d e
How much Tariff can be reduced due to Boca-PCM-TES?�� 	
;��<=>�����%��?@����%���AB����1��C�� 	;����DE=>F>GH%�����IJKL��MN�OPQ<E=>F���RS�EBTUVWXYZFD���RSC"� [�S\] _̂�`a�bc45de�fgh��ijklm
%(no���1�pqrsD�%�C%�E=>tqrsFD����uEBT2v$YD%��C

1. Tariff saving: HK 10%� 15%�
Macau 30%� 50%� China 70%�
80%�

2. Maximum Demand charges in HK 
is $50~117/kVA

3. Saving due to reducing 
condensing temperature� 10% in 
HK� >30% in some inland area of 
China;

4. Saving due to application of 
Energy Management Software: the 
maximum COP can be increase 
from 6 up to 17.8 , annual average 
saving >15%�

5. Overall saving in HK is >30%� and 
in some area of China is>50%�
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� � � � � � � � Reduce CO2 discharge
� � � � � � � � 	 
 � � 
 � � � � � � � �
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' ( ) � � � * + ,
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 >- 8A9 : � � � 
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 >- E89 : �
� � 
 � � � ,

TES reduce the CO2 emissions by shifting the 
electrical consumption from day to night and by 
increasing the efficiency of any A/C or 
refrigeration system.

• Coal power plant: 1 kg of CO2 per kWh elec
• Gas turbine: 0.3 kg of CO2 per kWh elec
• Hydroelectric power plant: 0.005 kg of CO2 per 

kWh elec

Gas turbine rejects : 
• 0.25 kg of CO2 per kWh elec during the night 
• 0.30 kg of CO2 per kWh elec during the day 
• 0.40 kg of CO2 per kWh elec during peak hours
•
The gas turbines are generally used to supply the 

peak demand. Therefore, 1 kWh elec of 
electricity shifted from peak period to night 
reduces 0.15 kg of CO2. The efficiency of 
chiller plant increase 30%, the overall reduction 
of CO2 discharge is 0.21kg per RT.
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f g 8 h i 1 # 2 j
Central Chiller Plant TES

� � � 
 � I J K A � �
* � L M J K A � �

N O L �
N P : L Q -
N R : L Q -
N S T U V L

1� WX Y Z [ \ ] K A � ^

1. Stratified Tank
2. Ice Harvester)

External Melt Ice
Internal Melt Ice
Encapsulated Ice

3. Boca-PCM-TES
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 � � 
 � � � �
Stratified Tank TES
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@A 0 
 � � B
Typical Ice Thermal Storage System
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� � � � � � �
Ice Harvester

(Avalanche Mueller)
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� � � � � � �
External Melt Ice-on-coil (Baltimore)
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� � � � � � �
Internal Melt Ice (Calmac)
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� � � � � � �
Encapsulated Ice (Cryogel)
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Compare 3 
types of 

TES
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Efficiency Vs Chilled Water Temperature

	 � � � � � � � � � � �
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Compare Boca-PCM-TES with others Ice TES
���� � �� �� �� � ���� � � �� � �� � �� � � ���� 				 



 � � 
 � � �� � 
 � � �� � 
 � � �� � 
 � � � ���� ���� ����

0.20~0.58Does not Function
� � � �

0.65~0.75300~1000VFD Centrifugal 
Chiller

� � � � 	 
 � �

0.55~0.64Does not Function
� � � �

0.65~0.75300~2000Centrifugal Chiller
� � 	 
 � �

0.60~0.720.95~1.300.70~0.8580~400Screw Chiller

 � 	 
 � �

0.72~0.851.10~1.400.85~1.0010~240Reciprocating Chiller
� � 	 
 � �

Boca-PCM-TES
� � � � � �

(6.7� )

ICE TES 
Condition
� � � �
(-5.6� )

Normal Condition
� � � � � �

(6.7� )

Annual Average COP  � � � �  � ! " (kW/RT)Cooling Capacity
� � � � # 
 $

%RT&

Type 
(Water Cooled System)

' (
% � 
 ) * ! + &
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� � � � � � 	 
 � G H
Boca-PCM-TES 
Encapsulation
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Efficiency Vs Chiller’s Water Temperature

	 � � � � � � � � � � �



Jan 2007 Boca-PCM-TES 39

� � � � � � � � 	 
 � � 
 �
� � � 	 �

15� PCM has been installed in 
City of Melbourne as Free Air 

Conditioning

� � � � � � �� � � � � � �� � � � � � �� � � � � � � ���� ����
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� �� �� �� � ���� ���� ���� ���� � �� �� �� � 				

JI kI I I l m n - . � � �
� opq + r s t u

30,000 numbers of 15_
Stainless Steel PCM Balls
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Boca-PCM-TES Received Awards
� � � � � � 	 
 � � B ( I J K
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Boca-PCM-TES Received Awards
� � � � � � � � � � � � �  !
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Patent Number & invention applied or owned by Dr. Richard Chan:

One type of Inorganic Fire Rated Board11-8-2004200420087624.3

One type of Thermal Energy Storage Panel11-4-2005200520056663.1

One type of Thermal Energy Storage System19-2-2004200420042639.8

One type of Thermal Pad14-6-2005200520059561.5

In-organic Fire Rated Board 17-6-20052004100573175

One type of Thermal Energy Storage Method14-1-2005200410029595X

In-organic Paper manufacturing process12-8-2005200410073842.6

One type of Thermal Energy Storage container24-8-2005200420046588.6

One type of Thermal Energy Storage container18-11-2005200520067304.6

Descr iption of InventionDatePatent Number


