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MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD.

with high energy efficiency thermal solutions
friendly to global environment
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MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD.

with high energy efficiency thermal solutions
friendly to global environment
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Air-conditioners, Heat pump, Centrifugal chiller
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with high energy efficiency thermal solutions
friendly to global environment
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Introduction of Centrifugal Chiller

Introduction of Centrifugal chiller

HIGH ENERGY
EFFICIENCY !
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Introduction of Centrifugal Chiller : How it works

(Copyright © PIXTA)
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Installed at the underground level
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Introduction of Centrifugal Chiller : Cooling capacity
One Centrifugal chiller can cover
about 2000 units Air-Conditioner !

Cooling capacity
of one unit
Centrifugal Chiller

(Model: GART-250P case) . =@ . [

Cooling capacity
of 2000 units

room Air-Conditioner
(Case of Air-Conditioner cooling capacity is 3.5kW)

b
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Introduction of Centrifugal Chiller : How it works

HOW CHILLER WORKS?
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Introduction of Centrifugal Chiller : How it works

(Copyright © PIXTA)
55F Building in Japanwrii:’?ﬁ; P — i
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""" For Air conditioning
7°C* Chilled water
IS provided by chiller

(*Normally 5 ~ 7°C)
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Chiller

Installed at the underground level
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Introduction of Centrifugal Chiller : How it works

(Copyright © PIXTA)

55F Building in Japan /ﬁg
,» Canan ' 12°C water return to chiller,
o —— || and water is cooled down
. from 12*°C to 7*°C
| 8 1, by chiller

(*It depends on the condition
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Chiller
12°C=»7°C
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Introduction of Centrifugal Chiller : How it works HEATVINDUSTRIES

(Copyright © PIXTA)
55F Building in Japan e

For Air conditioning
7°C* Chilled water
IS provided by chiller

continuously
(*Normally 5 ~ 7°C)
A

7ce

Cooling water inlet

Centrifugal
Compressor

Fa = |

Condenser

Chiller
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Installed at the underground level " B N ‘
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Evaporator
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Introduction of Centrifugal Chiller : How it works

(Copyright © PIXTA)
55F Building in Japan
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(Source of picture: agency for natural resources and energy)

hill
i 12C°:C‘e7r°C COmertabIe
- Space !

Installed at the underground level
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Introduction of Centrifugal Chiller : How it works
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853 RT x 1 unit
2000 RT x 2 units
2844 RT x 11 units
3697 RT x 2 units (Total 15 units)

Total 43,531 RT - |
:District heating and cooll
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Introduction of Centrifugal Chiller : How it works
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Variable speed
2500 RT x 80 unit

Total 200,000 RTS
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Introduction of Centrifugal Chiller : How it works

Kansal International Airport

Japan

e | > p—
——

1100 RT x 1 unit

1200 RT x 1 unit 3
2000 RT x 2 units (Total 4 units) ©" | e, Ay o A
Total 6,300 RT - W A led watépsteam

* D,H.C.: District heating and cooling

e -
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Introduction of Centrifugal Chiller : How it works

Shirakaw _ ata Center

Japan
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450 RT x 9 units
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Introduction of Centrifuqal Chiller : Application
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Technology of MHI Centrifugal Chiller

MHI Centrifugal chiller is,

1) High efficiency cooling system

(*GWP: Global Warming Potential)

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 19
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Technology of MHI Centrifugal Chiller

MHI Centrifugal chiller is,
1) High efficiency cooling system

= | ess energy, Reduction of CO2 emission

(*GWP: Global Warming Potential)
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MHI Centrifugal Chiller. GART Series FS s
Introduction of GART Series model

GART-r/p
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MHI Centrifugal Chiller: GART Series

Introduction of GART Series model

Compressor

Condenser

/ JART -r/P

Control panel
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MHI Centrifugal Chiller: GART Series

High
Performance GA RT
(Less energy)
Regular GART R
Model

DESIGNED © JAPAN

BASIC TECHNOLOGIES

MITSUBISHI
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Technology of MHI Centrifugal Chiller: Detalls

AV HEAVY INDUST

MHI Centrifugal chiller is,

1) High efficiency cooling system
*High performance heat exchangers, optimized cycle
Centrifugal compressor by MHI technology
-Variable speed control for part load operation

Ene-Conductor for the total heat source system

© 2020 MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS, LTD. All Rights Rese
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Technology of MHI Centrifugal Chiller: Details

MHI Centrifugal chiller is,

1) High efficiency cooling system

*High performance heat exchangers, optimized cycle

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 25
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Technology of MHI Centrifugal Chiller: Details

MHI Centrifugal chiller is,

1) High efficiency cooling system
*High performance heat exchangers, optimized cycle

-Centrifugal compressor by MHI technology

Open impeller Compact seal system
(High efficiency) (Less gas loss)

Stable bearing system

Small gear (Less loss)

Optimized fluid path by 3D CFDl

(Wide range) g Less oil charge |

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 26
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Technology of MHI Centrifugal Chiller: Details

MHI Centrifugal chiller is,

1) High efficiency cooling system

Heat source
. BeCordicts: [t
Control over 80% loa L 20% to 60% Id A Udi‘ttio g o=
=% Optimum N o8 Optimum X e
3of &5 load range_gE]) 85 load range g I ey i ‘
ana ' Cooling Tower
25t & /
20l Starter panel ﬁ
(INV papnel) i
Chiller
§st Pump Pump
5L r_‘-u—a
0 20 40 80 80 100 0 20 a0 60 80 100 :
Load (%) Load (%) \‘m—-ﬂ
Constant speed chiller (GART) Variable speed chiller (GART-I) ' Tt
(Above cooling water condition is case in Japan)

-Variable speed control for part load operation

Ene-Conductor for the total heat source system

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 27
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Reduction of CO2 emission with MHI Centrifugal chiller

MHI Centrifugal chiller is,

1) High efficiency cooling system technology

*High performance heat exchangers, optimized cycle

*Centrifugal compressor by MHI technology
-Variable speed control for part load operation

Ene-Conductor for the total heat source system
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Reduction of CO2 emission with MHI Centrifugal chiller

MHI Centrifugal chiller is,

1) High efficiency cooling system

ENERGY SAVING IS ACHIEVED !
= REDUCTION OF CO2 EMMISION

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 29
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Reduction of CO2 emission with MHI Centrifugal chiller

Case introduction : CO2 emission reduced case study

240
ART, Previous Model of 15 years ago
220
Annual
200 - 1 1 t-CO?2 CO2 Emission
\
180 \
S 160 GART- |, Current Model \\
= 0
ol 392 o N 5
S 10| t-CO2 \ \ DOWN
(2]
= \
OE, 100 \ \
o) \ \ \
O 80r \\ < \
L \ \
60 \ \ \\ o \\ \
40 - |\ \ \ \ - A |
\ \ \ \
20f & \ \ ' 'y B \
\ \ \ \* \ \
0 a <4
Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Sep Dec
Simulation condition:
Load pattern : Air conditioning Chiller capacity : 1300 USRt
Annual total load : 8406 MWh/year Unit No. : 2 units
Max. load : 2000 USRt CO, coefficient : 0.525 kg-CO,/kWh (Above is case in Japan)
MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 30
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Reduction of CO2 emission with MHI Centrifugal chiller FEATINGUSTHIES

Case introduction : CO2 emission reduced

Variable Speed Drive Variable Speed Drive
MHI Centrifugal Chiller MHI Centrifugal Chiller =+ Ene-Conductor
(Previous Model NART-I Series) , (Existing Model ETI Series)

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 31
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Reduction of CO2 emission with MHI Centrifugal chiller

MITSUBISHI

HEAVY INDUSTRIES

Case introduction : CO2 emission reduced

Annual CO2 Emission
884ton 677ton
Before After

207

ton/year
DOWN

*CO2 emission was calculated using CO2 emission factor 0.546kg-CO2/kWh
(FY2011 actual record by Tohoku Electric Power Co., Inc.)

1618

1600 -

1400 ~

1200 -

1000 ~

800 -

600 -

Annual Power Consumption[MWH/year]

400

200

0— .
Before™®
VSD centrifugal chiller
(Previous Model NART-501 3
3units ) High efficiency system
by optimum heat source
control technology of the day

Annual Power Consumption

23%

DOWN

1240

Cooling Tower

Chilled Water Pump
+
Cooling Water Pump

Chiller

After

Ene-Conductor+

VSD centrifugal chiller
(Current Model
ETI-50 *2units )

*Power consumption (Before) is calculated based on 2012 data

divided by 2004 System COP 5.9

(Above is case in Japan)

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD.
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Reduction of CO2 emission with MHI Centrifugal chiller

Case introduction : CO2 emission reduced

Energy Saving & Cost Reduction Effect

(comparison with the other brand’s existing chiller)

B Annual Electric Power Consumption (Result)

864.8..
o 3OO

Reduction

Existing chiller ETI-50

Variable speed drive centrifugal chiller
500 RT x 1 unit (ETI-50)

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 33
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EAVY INDUSTR

Technology of MHI Centrifugal Chiller

MHI Centrifugal chiller is,

2) Low GWP* refrigerant centrifugal chiller

= Reduction of Greenhouse gases emission
(*GWP: Global Warming Potential)

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 34

© 2020 MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS, LTD. All Rights Reserved.



}‘ "MITSUBSIS!'EIg

EAVY INDUSTR

Technology of MHI Centrifugal Chiller

MHI Centrifugal chiller is,

2) Low GWP* refrigerant centrifugal chiller

= Reduction of Greenhouse gases emission
(*GWP: Global Warming Potential)

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 35
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Technology of MHI Centrifugal Chiller HesY o

MHI Centrifugal chiller is,

2) Low GWP* refrigerant centrifugal chiller

= Reduction of Greenhouse gases emission
(*GWP: Global Warming Potential)

Greenhouse gases warm the Earth by absorbing

energy and slowing the rate at which the energy
escapes to space.

Source of picture: https://www.pref.toyama.jp/1705/kurashi/kankyoushizen/kankyou
MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 36
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2) Low GWP refrigerant centrifugal chiller

Montreal Protocol "Kigali Amendment" (2016)

Pl

HFCs(Hydrofluorocarbons) are added as substances
requires gradual phasedown, because HFCs are
Greenhouse Gases many times more potent than CO2.

CV<

28th Meeting of the Parties to the Montreal Protocol
10 - 14 October 2016, Kigali, Rwanda

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD.
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2) Low GWP refrigerant centrifugal chiller

Montreal Protocol "Kigali Amendment" (2016)

HFCs(Hydrofluorocarbons) are added as substances
requires gradual phasedown, because HFCs are
Greenhouse Gases many times more potent than CO2.

CFC HCFC HFC HFO

(Chlorofluorocarbons) (Hydrochlorofluorocarbon) (Hydrofluorcarbons) (Hydrofluoroolefin)

Refrigerant
R11 R12 R22 R123 R245fa R134a R1234yf |R1234ze(E)|R1233zd(E)

GWP 2 4660 10200 1760 79 858 1300 <1 <1 1

(Global Warming Potential)

ODP -3 1 1 0.055 0.02

(Ozone Depletion Potential)

*1. Greenhouse gases warm the Earth by absorbing energy and slowing the rate at which the energy escapes to space.
*2. GWP is the heat absorbed by any greenhouse gas in the atmosphere, as a multiple of the heat that would be absorbed by the same mass of
carbon dioxide (CO2). GWP is 1 for CO2. GWPs listed are IPCC 5th report (2013), 100-year GWPs.

*3. ODPs is the relative amount of degradation to the ozone layer it can cause.

MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS,LTD. 38
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2) Low GWP refrigerant centrifugal chiller

The Path from Kigali: HFC Phase-Down Timeline

: 2047
‘ . HFC phase-down completed 2020 201 9
%. Fnd step of the Antida s Elgible capacity cut-off: Group 1 HFC licencing systems In place
Mse-down (Greup 2) TR coff dat for ol ke cpacy’ npert ind wport andhg systums for WIC
. = 1 By 2000 for Atich § e bt place by 1 Junuary 2019, Appikes
[y 4‘2033 Grocp ! e 10 both Arme S and non-Atich § cunste.
| Ban on HFC trade with non-Partles —
aport ot HFCH T
Daws not UeE the Amandmant wil 26 bannad
from | Lanesary 20833 % <
:) Entry Into force
Tha Ngat Amasamant

2024 ™ Wit e oo caon
m = uw"mMcw.._i ' = -
The atoff data fur sligbia Cpadty’ i
1 Jarasary 2004 for Antide S Group 2
2018

\ Guldelines developed
Mpliatersl Tl me eac.ve Commitiso was
st o Gevlop, MINN

s e, guAdEn s or Ananang
the pis Sown o HFCL

2019

Bl 2016
4 Kigall Amendment adopted

Agreament X the 20~ Mg of
e Parties In KIgal, Awands toinciuce

Legend .
. = - H4C0 under the Provecol
2020 - 2022 Article 5 Group 1 Baseline years —

2011- 2013 Non-Article 5 Baseline years
2019 - 2036 Non-Article 5 Phase-down (earlier start)

2020 - 2036 Non-Article 5 Phase-down (later start)

2013 - 2030 HCFC Freeze & Phase-Out: Article §

U N @ “gﬁo‘zp‘n/}ctlon

environment l NN

United Nasioms
Ervviromment Progremme

From website lhttps://www.unep.org/ozonaction/who-we-are/about-montreal-protocol |
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AV HEAVY INDUSTRIES

2) Low GWP refrigerant centrifugal chiller

MISSION NET ZERO

Through our group products, technologies, and services
that help reduce CO2 emissions, as well as new solutions
and innovations to be developed with partners around the

world, Mitsubishi Heavy Industries Group will contribute
to realizing net zero emissions for the world as a whole

To this end, each and every one of our employees is
embracing and internalizing “MISSION NET ZERO" and will
act to implement a net zero future.

MHI provide
Low GWP HFO refrigerant Centrifugal chiller

CFC HCFC HFC HFO

(Chlorofluorocarbons) (Hydrochlorofluorocarbon) (Hydrofluorcarbons) (Hydrofluoroolefin)

Refrigerant

R11 R12 R22 R123 R245fa R134a R1234yf |R1234ze(E)|R1233zd(E)

GWP »2 4660 10200 1760 79 858 1300 <1

(Global Warming Potential)

ODP -3 1 1 0.055 0.02 0 0

(Ozone Depletion Potential)

*1. Greenhouse gases warm the Earth by absorbing energy and slowing the rate at which the energy escapes to space.
*2. GWP is the heat absorbed by any greenhouse gas in the atmosphere, as a multiple of the heat that would be absorbed by the same mass of
carbon dioxide (CO2). GWP is 1 for CO2. GWPs listed are IPCC 5th report (2013), 100-year GWPs.

*3. ODPs is the relative amount of degradation to the ozone layer it can cause.

© 2020 MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS, LTD. All Rights Reserved.
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2) LOW GWP refrlgerant Centrlfugal Chlller A7 HEAVY INDUSTRIES

MITSUBISHI

GART-ZE, ZEI series

HFO-1234ze(E) is applied.
Low GWP —
Refrigerant 0 W‘a-_ o

HFO-1234ze(E)
Next generation centrifugal chiller

GART-

Constant speed Variable speed

YANYAN W

MITSUBISHI

ETI-Z series
HFO-1233zd(E) is applied.

Low GWP
Refrigerant

HFO-12332zd(E)

Next generation centrifugal chiller

ETI- Z

Jor

© 2020 MITSUBISHI HEAVY INDUSTRIES THERMAL SYSTEMS, LTD. All Rights Reserved.



MITSUBISHI

HEAVY INDUSTRIES

2) Low GWP refrigerant centrifugal chiller
GART-ZE, ZEI series

Up to 5000USRt can be applied by GART-ZE.PL (Dual compressor)

Low GWP
Refrigerant

HFO-1234ze(E)
Next generation centrifugal chiller
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2) Low GWP refrigerant centrifugal chiller

ENERGY CONSERVATION GRAND PRIZE is awarded
iIn 2018, Japan.

ETI-Z series

ENERG)Y]
CONSERVATION
GRANDIPRIZE

dFy,2018
and | Prize fc
E Rrav ke

alil JIIDL ‘ |

(Product Gafégury & Business Model Gategory)

Low GWP
ne Refrigerant

HFO-1233zd(E)
Next generation centrifugal chiller
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2) Low GWP refrigerant centrifugal chiller
MHI Centrifugal chiller
for HFC-134a and HFO-1234ze(E), 1233zd(E)

100 200 300 400 500 600 700 1000 2000 3000 4000 5000 (USRt)

150 350 |
HFC-134a 8

2700
GART/GART-I GART-PL/PLI

5400

HFC-134a

150 350

HFO-1233zd(E)

HFO-1234ze(E)
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WITH MHI CENTRIFUGAL CHILLER

Less energy,Reductlon of COZ emission

Reductlon of Greenhouse gases emlssmn
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WITH MHI CENTRIFUGAL CHILLER
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Kenlchl Omura
Global Sales (located in Japan)
PT. Mitsubishi Heavy Industries Indonesia Mitsubishi Heavy Industries Thermal Systems, Ltd.

Tel: +62-811-895908 § Tel: +81-90-3041-9411
Email: eko. prehantono n2@mh| com ® Email: kenichi omura.yu@mhi.com

,/*' ; ""‘*t»s

Prehantono Eko Setiabudi
Sales

#{ Jinwoong Lee

®! Engineering (located in Japan)

Chiller & Heat Pump Engineering Department
Mitsubishi Heavy Industries Thermal Systems, Ltd.

Tel: +81-80-8903-6390

Email: Jinwoong. Iee tw@mhl com
L el .
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