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= Basics of Absorption Cycle in Cooling & Heating
* Modern Absorption “New Normal” Technologies

= Applications of Absorption Technologies in District
Systems

= Q&A
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Introduction of Absorption Cycle

How

Burning gas (Steam/Waste heat)
produces cooling?

absorption chiller
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Introduction of Absorption Cycle

= Absorption Cycle for Heating

Low Temp. Heat input:
*Waste hot water from steam turbine condenser
(~ 40 Deg. C hot water)
*Waste hot water from dyeing factory
(~ 30 Deg. C hot water)
*Hot water from engine low temp jacket water
(~ 45 Deg. C hot water)
Heating W. output:
*Provide heating water (<95 Deg. C)

. . . *For Heating Net
High Temp. Heat input: *For industry process heating
*Steam (3~7 Bar)

*Exhaust (>400 Deg. C)
*Hot water (>120 Deg. C)
*N.G./ Diesel /LPG
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Introduction of Absorption Cycle

= Absorption Cycle
— Similarity:
« Heat removal through refrigerant evaporation at low pressure side
 Heat rejection through refrigerant condensation at high pressure side
— Differences:

* VCC uses mechanical compressor to create pressure differences
necessary to circulate the refrigerant

 Absorption cycle uses thermal energy source as the driving force with
a generator and an absorber
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Working Principle of Absorption Cycle

= Absorption Heat Pump

80 °C
Middle famp. W,
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205C
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Modern Absorption Technology - New Normal

= Corrosion and degradation of performance was an issue
with absorbers in the past

= Old Absorption technology requires operators to
periodically run a vacuum pump to insure operation and
to maintain chilled water set point

= Oxygen is the source of corrosion inside an Absorber. If
proper vacuum can be maintained for the absorbers life
there is no opportunity to have corrosion form inside
the Absorber.
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Modern Absorption Technology - New Normal

= Titanium Tube Material: Best Corrosion Resistant Metal
for long life and low life cycle cost

Tube Materials | Pure Copper | Copper-Nickel | Stainless Steel | Titanium
Cu Cul| |Ni st Ti

Solution Media '
Chlorine Resist corrosion | Resist corrosion | Resist corrosion No corrosion

under low under low and differs by types of

tempé& low medium stainless steel

concentration temperature
salt water 1.2 m/s 3.6m/s 5-7Tm/s No limitation
(speed)
Ammonia Serious Corrosion No corrosion NoO corrosion

corrosion
Polluted air & Corrosion Slight corrosion | No corrosion No corrosion
water
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Modern Absorption Technology - New Normal

= Titanium Tube Material: Best Corrosion Resistant Metal
for long life and low life cycle cost

Titanium is low density, light weight
and high strength element.

Titanium does not corrode when
exposed to salt water, acid&
chlorine..... orin absorber.

A Titanium fube in an Absorbers will
likely never need to be re-tubed
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Applications of Absorption Heat Pump Technologies

= Typical applications
— Recover the waste heat of steam turbine condenser, engine jacket water for district
heating----power plants
— For preheating of makeup water to boiler----power plants, boilers
— Recover the process waste heat for district heating----all kinds of industrial processes

— Recycle the waste heat of boiler’s flue gas or other low temp. heat for district heating
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Applications of Absorption Heat Pump Technologies

= Steam type absorption heat pump at South Korea IIsan & Bundang Power

Plant

* Korea I1san Plant and Bundang Plant both
are affliated with Korea electric power
corporation,they utilize 4 heat pumps to
recycle waste heat of power plants to
provide district heating.

* Heating capacity: 57,600kW
Steam type heat pump X 4 units
Heating COP: 1.70
Yearly energy saving equivalent: 7,753 ton oil
Yearly CO, cutting: 23,258 ton

Dy
O L L

* Operational Parameter Diagram

0.38MPa Steam Hoh pressure steam
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Applications of Absorption Heat Pump Technologies

= Steam type absorption heat pump at Banwol ECO Park, South Korea

o * 4 heat pumps,27MW waste heat from dyestuff process is recovered
and supplied to Ansan district heating system.

* Heating capacity:
55,000kwW

District Heating
Steam type heat
pump X 4 units

Heating COP: 1.70

31°C 24°C

Yearly energy
saving equivalent: Dyestuff FAC

7,908 ton oil
Exchanger

Yearly CO, cutting: 27°C
23,724 ton

116 psi

* Operational Parameter Diagram
181. 4F

o (.8MPa Steam 4
0o —

Ditict heatng —
q — 31 Waste hot W. from dyestuf FAC
- Low temp heatinput 4

BROAD Steam Type Heat Pump heat pump
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Applications of Absorption Heat Pump Technologies

= Steam type absorption heat pump at RIGAS Siltums, Latvia

- District heating supplier in
Baltic sea area . Applied
heat pump to recycle the
heat from gas engine for
central heating.

« Heating capacity: 5,000kW
Heating COP: 1.74
Yearly energy saving equivalent: 425 ton oil
Yearly CO, cutting: 1,275 ton

Steam Type Heat Pump

* Operational Parameter Diagram
o8 psi
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Steam Type Heat Pump w&l pump
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Applications of Absorption Heat Pump Technologies

= Hot water type absorption heat pump at biomass Heating Plant, Grenaa,
Denmark

= The project is designed by famous design company- COWI. It installs a
combined cycle of wood chip biomass boiler and heat pump. Heat pump
recover the low temp. flue gas waste heat from boilers, and provide heating
to DH network.
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Applications of Absorption Heat Pump Technologies

= Hot water type absorption heat pump at biomass Heating Plant, Grenaa,

Denmark

Return to boiler

—

Heat Exchanger

g : .
l‘ "'.."‘Il..? ' , g

BROAD Heat Pump, From network

Biomass boiler

To chimney 87C ' Heating water

~ to network
17T {o filter
770120 C
Pﬁriﬁed flue gas
District heating Consumers
Flue gas filter
(Scrubber) 150623



Applications of Absorption Heat Pump Technologies

= Hot water type absorption heat pump at biomass Heating Plant, Grenaa,
Denmark

» Two absorption heat pumps recovers 10 MW of the biomass
boiler’s flue gas waste heat, achieving 30% increased energy
efficiency. The plant provides district energy to the town of
Grenaa and is a new state-of-the-art model for energy-savings
and emission reduction.

« Heating capacity: 10 MW
Heating COP: 1.70
Yearly CO, cutting: 3,000ton

* Operational Parameter Diagram

140 °C / 284 F Hot water

=

Heating in Winter

- e
-
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Applications of Absorption Technologies in District Cooling

= Goteborg District Cooling System

— Goteborg Energi AB is the 4th largest energy company in Sweden and leads the field in
western Sweden. They provide customers with energy services, district heating, cooling,
natural gas and the electricity.

Géteborg District Cooling System 4
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Applications of Absorption Technologies in District Cooling

= Goteborg District Cooling System

River woter temperature N
Summer max 22 °C
Winter min 0,5 °C

Waste heat from waste

Three plate S incernation plant 40 MW inlet
Sea \F’Ia‘e' heat Q)':changors, temperature 90°C and outlet
%aéooor\:*/h temperature 80°C.

"~ + _ Five absorption
chillers, 20 MW

‘ . . 0 |
5y h - Six centrifugal
Three Sea €N Liquid Chiller,
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Applications of Absorption Technologies in District Cooling

» Goteborg District Cooling System

Goteborg Energy AB Company e ES
|P
HEEERAR

Installation of BROAD Chillers
iEKIFE TSl R ENIG

Plate H;aol Exchanger for Free Cooling The Free Cooling Sea Water Intake 19 of 23
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Applications of Absorption Technologies in District Cooling

= Energy data for Goteborg district cooling system project

Table 1, Cooling Source F 1, &iE

Energy Percentage of
HEE Produced cooling .
(GWh] B L Table 4, Environmental Impact Key-figures
Cooling delivery 121 100% % 4, IREME T EE
BElaE
= - District Customer
Free cooling 43 35% . .
CHAR Cooling | Alternative
k e, A
Blectrical Chillers 35 29% REPr | BFER
Bl Cooling demand (MWh/year) |12] 121
Absorption chillers 45 7% FEER®
TSN SSEER 14.6 2.8
e 2 2% RGEREBNFPIE
Blectrical demand [MWh/year) | 8,300 43,200
Table 2, Electric consumption 3= 2, BB¥E B H R
Energy |Percentage of CO2 emissions (tons/year) 7.200 35,400
eI Produced cooling BHE
Gwn)  |vEEEH Refr i 17 33
Electrical consumption (8.3 % ﬁﬂgemn (tons)
-ﬁ%i ﬁijf'{'ﬁ:]
%gjﬁ;gon e 1% Eemarks: Comparing to individual building units
Ccr}li—ng water 24 % [customers' alternative to DC) the environmental
Ak impact of the District Cocling system in Giteborg is a
Electrical Chillers 3.5 2% success stary.
B
Absorption chillers 0.4 0%
FEZTE
Auxliary & losses 0.5 0.004 20 of 23
Eink =2




Absorption Technologies in District Cooling & Heating

= District cooling & heating
— Fundamental idea
— Energy Efficiency
— Steady supply
— Environmental friendly
— Simplicity and safety

District cooling sketch
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@ BROAD U.S.A. INC.

THANK YOU!
Q&A

Bin Li
BROAD U.S.A INC.
Office: 201-678-3010
Cell: 773-209-5642
Email: bin@broadusa.com
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