GST Chiller Proposal




. Electric Chiller Application

1. Chiller Introduction

1-1. ELE. Chiller Application

CONFIDENTIAL/ © GST 2023

Main Tool Electric Chiller
Maker Model Model Type POU Design Dimension Lay out
Kiyo Series(CX ,EX) .
Flex Series(DL,DS,Exelan) . = 7
Metal Series(Metal- EES-08 » Boftlgglghiller A 600%520*420
M,HP45) ' ¥
Coronus (CoronusHP) é
Kiyo Series
LAM
(EX,EXPFX,GX) Dual <<
Flex Series EHD-1008 X Bottom Chiller 600*645*570
(FX,GX,HX,HX+)
| . ) Dual * *
Flex Series (GS) ED-1008 % Bottom Chiller 680*800*570
TEL RLSA & VIGUS 600*450*522 ,\
p -
Mesa G5 ‘ 22
AMAT Mesa SYM3 Sincl ) ﬁ g
ingle '
EES-08 X Bottom Chiller A
SEMES Michelan-03 ) “
N &>
MATTSON  Paradigm-E 460*460*750 I ”_I
\«' & L & 4




N Refrigerator chiller Application

Main Tool Refrigerator Chiller
Lo Wl Hs i Maker Model Model Type Design Dimension Lay out
FlexHX+ Triton Triple -
1-2. REF. Chiller Application Flex HS RDHS-181512 ¥ Bottom+Top ' 600*1000*1900
VANTEX B, BX Chiller gl
Kivo-GXE Dual ;:;$ CSF Installation
Y RSHS-1812 % Bottom 450%1000%1800
AKARA :
Chiller
LAM i
Single -
Coronus_HP RS-06 % Bottom W 500*1100*1500
Metal-M-HP : o
Chiller L
Flex-DL / DS Combi =
Flex-FX/GX/HX RSHS-0612 X Bottom + Top o R 550*1100*1600
Kiyo-EX-/FX Chiller -
Single s _
TEL RLSA RS-06 % Bottom e 500*1100*1500 Wity e
Chiller L C
Dual " i
AMAT SYMS3, G5 RD-06 X Bottom+Top e 800*1400*1750
Chiller Ny
Single - g
Mattson Paradigm_E RS-06 X Bottom 3 g - 500*1100*1500
Chiller g
X Display (FPD) : Supplied large numbers of Refrigerator
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. Heat - Exchanger Application QGST.

Main Tool Heat Exchanger Chiller
1. Chiller Introduction
Maker Model Model Type Design Dimension Lay out
- .‘El LA * *
1-3. HEX. Application Speed HD-06 Dual P 550*850*1500
LAM t CSF Installation
IKANO HS-04 Single T [ L 500*850*1000
Producer HS-06 Single Wi 500*850*1000
Prevision o 7
AMAT Ultima HD-06 Dual "‘ | L 550*850*1500
| s =
Endura2 HS-06 Single N 500*850*1000
: MAHA_HP : ¥ . N
Wonik GEMINI HS-06 Single i g b 500*850*1000

X Display (FPD) : Supplied large number of Heat Exchanger
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\ Chiller Installation Type 4% GST

Global Standard Technology Co_Ltd

. . Refrigerator Chiller Electric Chiller (Separation RCP) Electric Chiller (Integration RCP)
1. Chiller Introduction
Main Tool Main Tool Main Tool
Main Main Main
1-4. Installation Type FAB FAB FAB
Grating Grating Grating
ACC ACC ACC
Refrigerator Chiller Integration Electric Chiller
. = i '
— & Dem
CSF L nl,—,,g;.' CSF CSF "&
= i §§ .=
S L
!ﬁ!ﬁﬁg ' s S
S
et

CONFIDENTIAL/ © GST 2023




~ Chiller Certification 4% GST

All CE, SEMI S2, NRTL certification acquired for each
Products & Customers

1. Chiller Introduction

CE SEMI NRTL EMC

Tont Papart Ko KTHTAN page 2at 14 7
o CAAT) X =
& Y Fho: KP--18 LM TUVNORD / < )
§/B g SGS o ke
5 y-_J TEET REPORT E Page 1 o bl
CERTIEATE N FARSONSO USCO0S SEMIELANL P CERTIFICATE
e i e e N . R EMC TEST REPORT
o o Saluy Quidelina for
. o g . CERTIFICATE OF COMPLIANCE g
1-5. Chiller Certification Eo P e sosrimte,  <mrions
Hodd Mo EES04,08.08 ) e Holder of Certificate: Global Standard Technology Co., Ltd. Applicant +Global Standard Tachnology Ca., Lid.
MamectPioded. - Chiler £2 Dl of ki 1001 2014 B 15-13, Dongransandané-gi, Donglan-myeon Equipment under Test (EUT):
g= Hwaseong-sl, Gyeongghdo 18487 Name CHILLER-E2
roptean @bl Sardard Technokgy Co, ) Tiilng Lateraloey T WOIRD Koo L 5 REPUBLIC OF KOREA Modsl No. : EES-06 (A% Mode! : EES{4, EES-0B)
"“’“‘S'I'f‘_""“”" S AN A B e T2 K T T © sums:;B & i'\ :faﬂ 2007
Ortee Mrsot G420\ 1UN 1531 Samasang Dong. Gangnam5u Seou 136-729, Kore . . EN B1000-8:22005
Diytisim Sapene 2011 = Certification Mark: EN 61000-4-2:1085/A1,1998/A2:2001
tssun Barbor 1 Taaing locaion Jinchyon Beanch < EN 61000-4-3:2006
> EN 61000442004
Toctvveal Fo Mimbee - JN1.CE0078 #1128, Siwval-n, hok-myeon, Jcheson-gu, Chingul, Ko g EN B1000-4-5:2005
Tochncal Fie Holder 1 SGS United Kingdom Limited EN 81000-4.6.2007
€U Ut 10 Sout ekt e, Bowbun, Db, OV 5AD, ' ikl Ty 0. L = Dateof Test  : August 11, 2011 1o August 25 2011
TeslRequeed Confinay 1 Anex L the Essanol heat and salty oguramerts of the Machiy. Adoes ... 6.7, Dongtan Indusirial Comples, Songn, Dangtan. mysan, = Date of Issue  : September 21, 2011
Hwiir- . K
il wori- Gy 0, v Bl Product: Industrial Chiller Sl o
condlsion Starard SEMIS24m2 U (E2-Chiller) st
The Pa roqurene: g T reuremets of In the configuration tested the EUT complied with the standards specified above.
ks rmepomces TestFepartFom o WACHINERY = SEMI (R ) gg ) 3
e WG Ore Tl e by TV WD Ko L o . y sbove 1t —
o can be marked with the cortiication mark abave. The mark must not be altered in any way. This
P eT——— RS 0vsD -
[ S Typhof e ohpict. ELECTRIC CHILER i a8 deined 1 ISOIEC 17087, Cetficaton s based n th TOV SUD “Testng and Crtfecation Tested by Kﬂ
T CE a8 b e oSt B et o s s, e oo o o G Do o oty Tracemir o GST - Zm:ﬂu‘m oo s ______;___
A1 = John Oh
bkl rnlerenca EES-08 5
NAMREACUTES, ..o - B0 el Techviogy Co, Lt E Tost report no.: MAEAQT007717 Approved Signatory
=
humber of pages (Regart). ... - 104 Pages "3 Carl Los
v}
Preparedfry..... R by, o 4
{:___ = 3 : Date, 20170303
> L Page 10f2
ﬁ)f A £
“ =
E -
|+quﬂw ¥ Kim Tt (‘ i I I:; K B 3 N TOV SUD AMERICA INC * 10 Centennial Drive * Peabody, MA 01960 USA * www.TUVamerica.com Tw’
L
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X GST Chiller Road Map

2. Road Map

2-1. Intro
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GST Chiller Development Time Table

Cryogenic
Chiller

Heat
Exchanger

Electric
Chiller

Refrigerant

Chiller

GWP

2023

-50°C ~ -80°C
7.0kW@-60°C
Size 1000(W)mm

250°C

SMPS, TEM, Pump
Energy Efficiency
5% 1

CO2 Refrigerator
2.5kW@-10°C
EER 3

[GWP 3922]
HFC 100%

2024

-80°C ~ -90°C
7.0kW@-80°C
Size 800(W)mm

300°C

SMPS, TEM, Pump
Energy Efficiency
20% 1

CO2 Refrigerator
5.0kWw@-10°C
EER 2.5

[GWP 1397]
HFC 90%, CO, 10%

2025

-80°C ~ -100°C
7.0kW@-90°C
Size 700(W)mm

350°C

SMPS, TEM, Pump
Energy Efficiency
30% 1

Natural & HFO
6.0kW@-40°C
EER 2.0

[GWP 239]
HFC 30%, HFO 60%,
CO2 10%

2026

-90°C ~ -100°C
8.0kWw@-100°C

380°C
Size 10% |

SMPS, TEM, Pump
Energy Efficiency
35% 1t

Natural & HFO
8.0kW@-40°C
EER 1.5

[GWP 239 / GWP 1]
HFC 10%, HFO 80%,
CO2 15%, He 5%

2027

-100°C ~ -120°C
10.0kW@-110°C
Size 10% |

400°C
Size 20% |

SMPS, TEM, Pump
Energy Efficiency
40% 1

Natural & HFO
9.0kW@-40°C
EER 1

[GWP 239 / GWP 1]
HFC 5%, HFO 75%,
CO2 15%, He 5%

Global Stamdard Technology Co.T.td

2028

-100°C ~ -120°C
10.0kW@-110°C
Size 20% |

400°C
Size 30% |

SMPS, TEM, Pump
Energy Efficiency
45% 1t

Natural & HFO
10.0kW@-40°C
EER 1

[GWP 239 / GWP 1]
HFC 0%, HFO 80%,
CO2 15%, He 5%
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W

v Cryogenic Chiller <2 GST

4 Standard Technology Co T.td

GST Refrigeration Plan : Convert to eco -friendly refrigerant

4 N\
Year GWP(Global Warming Potential) Zeroing & Low Temperature Chiller Plan
Gifford-Mcmahon (G-M) HE
- Refrigerant
2026 10.0kW@-110°C
2. Road Map _ Natural & HFO
: Over 8.0kW@-40°C
2-2. Cryogenic Chiller 2025 ‘
Gifford-Mcmahon (G-M) HE
. - Refrigerant
HFO RefrI?erant o Ca.scade & . 8.0kW@'100°C
6kW@-40°C Mixed Refrigerant
2024 . 7.0kW@-80°C
- Natural(CO, ) ; !
Over 5.0kW@-10°C
2023 - .
_ Natural(CO, ) _ HFC Refrigerant _ Cascade & Gifford-Mcmahon (G-M) HE
4 2.5kW@-10°C gl 6kW@-40°C ' Mixed Refrigerant - Refrigerant
\ ! ) 7.0kW@-60°C 5.0kW@-90°C
) Temp
-20°C -40°C -80°C -100°C -150°C
o %
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. Cryogenic Chiller

G-M (Gifford-McMahon) Refrigerator

B Development review : Cryogenic Chiller development through G-M application TTarget performance : 12,000W at -100°C;

B Using He as refrigerant to make less than -229°C(44K) temperature feasible system

B G-M Refrigerator Advantage

» Eco-friendly [ Without HFC, Use He ]

» Compact [ Simple structure of Refrigeration part, Compression part ]

» Temperature scalability [ Cryogenic temperature feasible system ]

2. Road Map Step Analysis Development Improve
» G-M cycle cooling CAPA. Check » Development chiller Spec confirmation
2-2. Cryogenic Chiller Main task . Dec!de Wet ‘heat e>.<cha.nge me’Fhod » Development ch!IIer design .& production . ;heck possibility of gdd|tlonal
= Decide possible chiller integration » Development chiller evaluation improvement reflection
method & debugging
Schedule = ~23/6 = 23/7 ~ 23/12 = 24/01 ~

B Lab evaluation progress completion

: HFE-7200 -131.65°C measurement completion

1 T1 268.3K (-4.85°C)
: T2 280.4K (7.25°C)

0] | ot Graph
1§ 268.3 || L8 LA TS AR EY
12 280.4 : : : : BT RY After about 40 mins. HFE 7200
§ S8 - o
vy R BRI BB reach 141.5K(-131.65°C)
PIRANE 9890 (R R e ¢ )
! — ! Chekck low temp. contact part
Before Operation After Operation crystalline state

: T1 144.3K (-128.85°C)
1 T2 271.7K (-1.45°C)
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N, Heat Exchanger .GST

.......

= High temperature Heat Exchanger

.......

i
Design Concept
400" 0% >0% 100% l Research & Development
2. Road Map = Fluid : Property analysis, Securing safety
(Human body/ Environment)
22 Heat Exchanger 300°C a5% 100% » Parts : Securing durability
= Assembly : Leak, Insulation review
= System : Mix, Fume Recycle, Reservoir structure review
200°C 100% = Development completed and mass
production in progress
2023’ 2024 2025’

CONFIDENTIAL/ © GST 2023

10/ 15




2. Road Map

2-3. Electric Chiller

CONFIDENTIAL/ © GST 2023

E Chiller High performance Product Development

B Target - Capacity : -20@3.0kW — -25@4.5kW

Completion In Progress === Expectation
Details y2021 y2022 y2023 y2024
M7 M8 M9 M10 M11 M12 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M1l M12! M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M1 M2 M3 M4 M5 M6
TE Module Capacity calculation [1st] 2nd
TE Module development 1st/ 2nd [1st] 2nd
Al Fin design & development (1] ond

1st/ 2nd

AL Block design / production

2nd

1st/ 2nd
(1] 2hd

SMPS development 15t/ 2nd

Purchase request & production

Performance Evaluation

1st

= High performance SMPS develop complete & reliability evaluation

in progress [Size 35% Down]

= Dropped due to 1st evaluation underperformance
As-is [

TEMOS Size Capacity(kw)
250 x 100 x 50mm

ize
273 x 92 x 370mm

5.00

Cooling Capacity

——csTit —w—csT AP aTRE —S—csT QiR TYRE

Underperformance

2nd

2nd

4.00

20 30
Temp (TC)

= Key Device 2" development TFT configuration ,

DC Power Supply

TE Module

Electric Current h-AT UP 1
Voltage UP_t & 1:1 Q U
AL Cold Plate Q=KAAT UP t

K = Coefficient Of Heat Transfer

. A = Area
> AT= Out Temp - In Temp

Low temp. process Risk review
needed

- Power consumption, Utility
usage increase

- Breaker capacity increase

- Size increase

- Necessary Capacity check
needed [ -25 @ 4.5kW ]
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. Energy Saving Tech.

2. Road Map

2-4. Energy Saving

CONFIDENTIAL/ © GST 2023

Energy Saving

Contents Category Contents Current State
foee] - e - ) Variable Frequency
it
avatall B 1] S " + Some product
y l"li;jl Ii e k:'r Power
. | \ (kM) E— N application
Refrigerant . i
. Electric Power RS N _ complete
Compression Type Time[Recipe] Apolication
= Refrigerant Compressor rotation speed(RPM) variation according to load qty PP
expansion

(Heat-Load) of process

Minimize unnecessary energy consumption and maximize efficiency

Electric Power

DE Power (PID Contraol)

‘ Power
@ w
DC Power Tima[Recipe]

= Control Voltage(V)/Current(A) in proportion to load qty(Heat-Load) of process

4 4

Cool / Heat change possible according to current flow direction

+ Development
complete
*  New product
application

complete

TE-Module Type

Process

Cooling Water

Proportional Control Vale(POW)

Control Signal . n
- | S
Heat-Load >
(kW)

W

PCW
= Calculate load qty(Heat-Load) of process from controller

PCW Flowrate[LPM]

+ Development
complete

* New product

and calculate necessary Heat dissipation amount application
Proportion control valve PCW flow rate control according to Heat dissipation amount expected
(endothermic amount+used power)
12 / 15




N Environment Tech. Q.GST

Glohal Standard Technology Co.J.1d

Low GWP Refrigerant Application Plan

B GST Alternative Refrigerant usage current state and plan

2023' | 2024° 2025 @ 2026 2027

R'404A Non-Flammable
GWP 3922 90% 45% 25% 5% 0% Currently 90% are applied and in use
Percentage of usage to Zero until 2027
Non-Flammable
o LRl LIEr R-448A Will replace 404A and expected to be used until 2027
GWP 1387 >% 25% 30% 35% >% Evaluation completed and application in progress to some
models
Non-Flammable
R'449A Will replace 404A and expected to be used until 2027
GWP 1397 i e Slebe — 2o Evaluation completed and application in progress to some
models
2-5. Environment Lower-Flammable
R-454A Under reviewing as Convincing next generation refrigerant,
GWP 239 0% 0% 10% 20% 80% Identified as reviewing government level deregulation due to
some flammability
Non-Flammable
CO2 Natural refrigerant with GWP1 level
D GWP 1 0% 5% 5% 5% 10% “Development in progress”
Commercialization needed with all refrigerant related parts

CONFIDENTIAL/ © GST 2023
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. Environment Tech.
CO2 Chiller

B Eco-friendly Chiller development using CO2 refrigerant
B Responding to need of realization of world wide carbon neutralization with GWP"1" refrigerant
B GST prototype lay-out ( target cooling CAPA. : 2,500W at -10°C )

B Refrigerant comparison

Refrigerant category Name Examples GWP range Ready to use Natural ] Size : W350 x D1100 x H1100mm
ARSI T S HEC A1 ‘ R-407/F, R-134a |From 1400102 500|  currently | w . D .
Mpaues of | R449a, R450A | From 400 to 1500 currently ’ I — | | p—
Intermediate refrigerants i = L . . A‘\\\,
Ixtures o = , R N -
2' Road Map SEoeh e  Heg 150....700 > 2016 - . -
» _ = | HMe @
HFO L 4.6 > 2016 ] . .
F dy refri - g T EZ
u‘turef;)rre:h; frjt':l?eerants | A- 3----- R-280 (propane} 3 ----Cl:ll'-fin-ﬂ-\f ------- {“--‘ = H — - 1 | [ - [
: = curre : - ‘(
L____'_Aj____ R-744 (CO,) 1 ntly _-_{___: 4 . - A — = — = 1
OGST B = = —— [ 2
R-449A mainly used in current Europe market. - | == == L
R-744 refrigerant is the Natural Top.1 in existence : == ===
a's__v o1 1o
2-5. Environment B Development plan( Prototype production completion 22/10)
Step Analysis Development Improve
» CO2 refrigerant characteristic &
System analysis (Done) » Evaluation of CO2 refrigerator basic = Reliability evaluation
Main task » Spec confirmed and parts order(Done) performance = Built various Line-Up and transit to mass
» P&ID and Design, Production completion = Evaluation result analysis production system
(In progress)
Development
b " 22/6 ~ 22/12 = 22/12 ~ 23/06 = 23/07 ~

CONFIDENTIAL/ © GST 2023
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Thank you !

Sales & Service
America (Austin) +1.512.289.6246
China (Xian) +86.029.8882.3030
China (Wuxi) +86.510.8520.8557
Korea (Hwaseong) +82.31.371.2230
Taiwan (Hsinchu) +886.922.924.500

sales@gst-international.com

Global Standard Technology Co., Ltd. e #15-13, Dongtansandan 6-gil, Dongtan-myeon, Hwaseong-si, Gyeonggi-do, 18487 Korea ¢ +82.31.371.2200 ¢ sales@gst-in.com
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