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

for Heating, Cooling & Refrigeration
Phase Change Range: -114 to +220

114 +220

Boca International Limited

G/F., 5 Hi Yip Street, Hung Wai Industrial

Dr. Richard Chan Building, Yuen Long, Hong Kong
Tel: +852 94662367, 31766028
Fax: +852 31766099

Email: bocaeps@netvigator.com
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Boca-PCM-TES's Factory |n 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 P*se Change is called Latent Heat;

eq/d!&ase Change i| cgffed Phase Change
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Chemical commonly used for PCM

Ammonium Chloride*
Ammonium Nitrate

Barium Hydroxide Octahydrate
Magnesium Chloride Hexahydrate
Magnesium Nitrate Hexahydrate
Magnesium Hydroxide

Potassium Chloride*

Potassium Nitrate

Silica (fumed) aqueous dispersion)*
Silica (fumed) powder)

Sodium Acetate Trihydrate

Sodium Borate Decahydrate (Borax)*
Sodium Chloride*

Sodium Nitrate

Sodium Sul phate*

Sodium Thiosul phate Pentahydrate

Urea

Boca-PCM-TES

NH,CI
NH,NO,

Ba(OH), 8H,0
MgCl,.6H,0
Mg(NO,),.6H,0
Mg(OH),

KCl

KNO,

Sio,

Sio,
CH,COONa.3H,0

NaZB 407.10H20
NaCl
N62804
Na28203.5H20
CO(N H2)2
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Cooling + Heating Output
COEP = -m-mmmmmmmm e

. : Electricity Tariff Input
Daily Operation Mode for / g

Boca-PCM-TES Consideration
Chillers Plant (COEP) Ambient
I Temperature & Humudity, Electricity Tariff,
* TES Capacity, TES Operation, Chiller
g - Plant Operation, Building Cooling Load.
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1. Energy Management Software Incorporated

PCM Thermal Energy Storage System
Sequence of Operalion Flow Chart
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Proposed chilled water system for
Boca-PCM-TES
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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

Boca-PCM-TES 11



Jan 2007

Boca-PCM-TES

12



Chilled Water Large T with PCM-TES

/ O1#456/78923
Chiller —'_%
Plant+ y 4 5 A U 11| Indoor
o PRI AR %

T= 10 T= 15
gm Normal T A/C System

Indoor
Chiller % ! . A@U o,
| Te
Plant 1 .26 |2

T=5 T=10
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Apply variable speed chiller with
Boca-PCM-TES can further
Increase the COP
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The COP of Chiller during part & full load
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HIJKLE* 89 MN3 O
2003 HK Chiller Cooling Load Statistics
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I " # 3
Compare the fix & variable speed chiller during part load
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How much can Boca-PCM-TES reduce?

1.

2.

9

~N o

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

Chiller Cooling Capacity can be
reduced 30~70%

Cooling Tower or Condenser can
be reduced

Chiller Plant room area can be
reduced

Power Source, Transformer, Cable
& switched can be reduced

Refrigerant can be reduced

Chillers start stop operation can be
reduced

Chillers Part Load condition can be
reduced

Chiller Plant maintenance cost can
be reduced
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How much can Boca-PCM-TES can increase?
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Cooling Capacity

ers Efficiency

ed Water Controls
ers Life

er Plant Reliability
er Plant Flexibility
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What IS the additional benefit of Boca-PCM-TES?

1. Uninterrupted Cooling
I " #3% &' System, reduce standby

( ) genset capacity,
'+, - ./ 0) 2. Reduce CO2
1 2 %345 discharge)
6 ) 3. Reduce Maximum
o) 9: - Demand Charges)
<=>7?7 @AB45 4. Increase Chillers Plant
CDEFG03 H Part Load Operation

Efficiency at least 15%.
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a b Shenzhen Electricity Tariff
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China have installed more than 300 Ice
TES for New Projects Only!
How about 10,000 existing buildings?
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How_much Taryf can be reduced due to Boca-PCM-TES?

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

Maximum Demand charges in HK
IS $50~117/kVA

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

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

Overall saving in HK is >30% and
In some area of China is>50%
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Reduce CO2 discharge

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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Central Chiller Plant TES

I J KA 1. Stratified Tank
* LMJ KA 2. Ice Harvester)
E S!— o External Melt Ice
NR. L 0- Internal Melt Ice
NSTUVL Encapsulated Ice

1 WXYZ[\] KA A 3. Boca-PCM-TES
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Stratified Tank TES

Boca-PCM-TES
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Typical Ice Thermal Storage System
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Ice Harvester
(Avalanche Mueller)
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External Melt Ice-on-coll (Baltimore)
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Internal Melt Ice (Calmac)
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Encapsulated Ice (Cryogel)
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Efficiency Vs Chilled Water Temperature
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Compare Boca-PCM-TESwith otherslice TES

Type Cooling Capacity Annual Average COP " (KW/RT)
(Water Cooled System) # 0%
' %RT& Normal Condition ICETES Boca-PCM-TES
% ) * I+ & Condition
(6.7 ) (6.7 )
(-5.6 )
Reciprocating Chiller 10~240 0.85~1.00 1.10~1.40 0.72~0.85
Screw Chiller 80~400 0.70~0.85 0.95~1.30 0.60~0.72
Centrifugal Chiller 300~2000 0.65~0.75 Does not Function 0.55~0.64
VFD Centrifugal 300~1000 0.65~0.75 Does not Function 0.20~0.58
Chiller
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Encapsulation
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Efficiency Vs Chiller's Water Temperature
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15 PCM has been installed in
City of Melbourne as Free Air
Conditioning
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30,000 numbers of 15
Stainless Steel PCM Balls
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Boca-PCM-TES Received Awards
B(1l JK
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Boca-PCM-TES Recelved Awards
!

Jan 2007 Boca-PCM-TES

43



Patent Number & invention applied or owned by Dr. Richard Chan:

Patent Number Date Description of Invention

200520067304.6 18-11-2005 Onetype of Thermal Energy Storage container
200420046588.6 24-8-2005 Onetype of Thermal Energy Storage container
200410073842.6 12-8-2005 In-organic Paper manufacturing process
200410029595X 14-1-2005 One type of Thermal Energy Storage Method
2004100573175 17-6-2005 In-organic Fire Rated Board

200520059561.5 14-6-2005 One type of Thermal Pad

200420042639.8 19-2-2004 Onetype of Thermal Energy Storage System
200520056663.1 11-4-2005 One type of Thermal Energy Storage Panel
200420087624.3 11-8-2004 Onetype of Inorganic Fire Rated Board
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