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Thermal Storage Tanks



HVAC Energy Consumption

Annual Energy Use

Cooling 642 kWh/m?

Heating 623 kWh/m?

Electricity 414 kWh/m?

32% >60%

DOE numbers A lab building on campus



Performance varies _
Data Center Power Consumption

The relative percentages of the

energy actually doing computing
varies considerably.
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Air Cooled Chiller ooé Condenser 03 :39@&3(\)@6 32632296000
. c(e . o ¢ °

Chiller |Qo|Q: Cooling Tower 8(\?330(3]”
0 ¢

mem.aa?o‘@lmgefq)qpc .

e Office Buildings (32620021 320000023)

* Shopping Mall (33@:)0333(\)08)

«  Hotels (100-300 ac%ga%)

* Hospitals (‘100—300 Beds)

* Schools §C Universities

* Banks

* Data Center (326203023)

* Pharmaceutical Factory (3262003)

* Plastic Factory

* Food Processing Factory
 Cold Room (326203)

e Commercial Buildings



Water Cooled Chiller :)o@C Cooling Tower © 6398600’3661@{: Condenser 0% 3263229607 Chiller
[gda0p50
POM ma%z@lwécfepqps
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* International Airports
* Large Hospitals
* Large Shopping Malls
* High-rise Buildings
* Five-star Hotels
* Data Centers
* Semiconductor Factories
* Electronics Factories
* Pharmaceutical Factories
* Beverage Factories
* Brewery
e Textile Mills
e Cement Plants
*  Petrochemical Plants
e Steel Plants
* Paper Mills
e District Cooling Plants
* University Campuses
e Large Office Complexes
Cooling Capacity
. 2(?0 TR © 5090 TR+C . o ]
* District Cooling eple 50,000 TR GO7P3200 393?3@[@338"






Water Cooled Ch|IIer en 330 oooq.lm

Vv Efficiency 39(\)33600’)0

v/ Operating Cost ér.g

v Compressor Power 2005000

v ngh Ambient Temperature oocgméz Performance
cOMCS

Vv Long Life (20—30 &03) ]

v COP oo’)en‘scs'a’.) @c 5.5-7.0 ooeo?oo
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*Cooling Tower c\):s"acc):)o
*Condenser Water Pump msaoooell
*Water Treatment C\)oepo@u
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o11 Office Bulldmgs (et]osa%aooagafagsqps)

3930 @J’) &) G?GT)@@OOEII

Corporate Office
* Government Office

* Bank
* Insurance Office
» |T Office
. ngtware Company
326 &:qés
'90 61 (2] OC OC C
. 3aa§ OOQ)@? :® Temperature(; ooz@ﬁzocc))ﬁza?coo g .
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Ju Hotels . . .
Hotel eﬂozogc 3ac\3§3ao?zelpgoo@n
* Guest Room

* Lobby

* Restaurant
*  Gym

* Spa

g (,‘&pf%rencce Hall
36 Cgelcg cC Co C 0] COoC C
Guest Room ealEtN Occupancy @ORGOO’JG@)CO: Load 22 Auto Control QQOSCODOII
ol Hospitals
Gmcrgcﬂeﬂsspeipzooé %oézéﬂozooéll
0] L
* OPD
* Doctor Room
* Administration Office
* Waiting Area
* Pharmacy
. Labor%tory (Non-Critical)

ea:c?emoe:noe‘lssp
» Operation Theatre (OT)
* |CU

* |solation Room

* (Clean Room

Saagcﬂeq'sep Tep]e Temperaturel Humidityl Fresh Airl Pressure Control
o L o) O

BN 32060006[0nE AHU + Chiller System 03 883203:[q[300



Engineering <] eglsqjmca)cgemo Application

Building Type %@@lSystem
Office (5—20 Floors) VRF / VRV
Hotel VRF / VRV
Condominium VRF / VRV
School VRF / VRV

Villa VRF / VRV
Hospital OPD VRF / VRV

Data Center Chiller + CRAH
Clean Room Chiller + AHU
Airport Central Chiller

Large Shopping Mall (>5,000 RT) Central Chiller Plant



C C C . 000 C

canmole s00C VRF com Central Chiller System 00 006§:39|05|0300

legepypio; ystem 03 §8egiq|a3(os
326 CzqCs
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*  Fresh Air 0D YPIGICVZ0 RO
- 00 L ¢

*  Humidity Control ealeplN[Creb]l

.y . O C C
* Positive / Negative Pressure Control Q320200

. . C lc

* 24x365 Continuous Operation @@&)@u

o C
GSEP 390?0&00@ System

Data Center CRAH + Chiller
Semiconductor Factory Chiller + AHU
Pharmaceutical Clean Room AHU + Chiller
Hospital OT AHU + Chiller
Airport Main Terminal Chiller Plant

Large Factory Chilled Water System



VRV/VRF System en 3203 :Jooqjm

Energy Saving (Part Load EfflClency @C)

Individual Room Temperature Control

Outdoor Unit 39661390000 ecqpeez
Installation @c?aoc?
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VRV/VRF System e 3203 fe q_lmqp
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Refrlgerant Leak Detection 00 326630390 Q)espoén
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The important role of
COP,EER and KW/ton



e Calculate
Chiller
Efficiency

= 2500 kW
=8,533,364 ETU/h

N O Sty kW Electricity
____________________________________________________ e
Metric l Imperial
COP kW i 8,533,364 BTU/h /3412.142 =2500kW
460 kW I o

|
| COP= Zsoiw

COP=5.4 :
|
i COP=5.4

Furfevery 1kW of electricity in, you get 5.4kW cooling out






. IPLV a§ooo:mc\‘>?

. C o @) C C C
IPLV on Chiller 0’)@(\3300 Full Load orm?oo ssn eu.zoo:ﬁ Part Load 33663’36?603?‘)
C C O O O O C C C
2D WEALNMOO ooee[moaocﬁ 0 NDVOE(G|07 Performance Index @@(ﬂoooou
) C LML ° ] o)
Water-Cooled Chiller 330800 33@@9 Part-Load Points eog(r? eom—

Q o cocC ’] C
C\?OO?? ° OgOO&LCO oplov]]

Load Weighting
100% 1%

75% 42%

50% 45%

25% 12%



500 TR Chiller 3aoom Example De5|gn Data

500 TR Water Cooled Chiller ooo)m 2p esaomcﬂsaooéz ue@cﬂeu
80@')390000 Chiller compressor power only 2p Sae[géooa 0loo0OI Actual
manufacturer's IPLV data 2 condenser- water temperature evaporator

entering/leaving water temperature <Doo test conditions Goocﬂoccﬂoou)u

Operating Point Chiller Load Cooling Capacity Input Power kW/TR
A 100% 500 TR 310 kw 0.620
B 75% 375TR 217.5 kW 0.580
C 50% 250 TR 140 kW 0.560
D 25% 125 TR 75 kW 0.600



3. IPL\{)CaIcuIati n c
IPLV 0 kW/TR @gogmaﬂc—
IPLV(;AO.OC1+BO.(42+CO.45+DO.121
oo&;ogm(ﬂewu

IPL\((=O.6C200.01+O.5800.42+O.5600.45+O.6000.121
OOQ)?Q\ICS—

0.6200.01=0.01613 0.5800.42=0.72414 0.5600.45=0.80357

0'060 .1g=0.20000
aRe(0Pe—

IPLY=0.01613+0.72414+0.80357+0.200001 IPLV=0.573 KW/TR
3’368']00

500 TR Chiller s‘LlPLv ~ 0.573 kW/TR

c\%qcﬂmcﬁu



5. 500 TR Chiller QLPart-Load Power of?z 9&56163906

100% Load
500x0.620=310kW
75% Load
375x0.580=217.5kW
50% Load
250%x0.560=140kW
25% Load

125x .600=75kW
3le C—
90D 05: Part- Ioad efflaency 6pp 39[90090 load & 20EANM oo coMEs @ODC\)

QSOC\)LS]II 3ac\)§§eoo load &2 compressor efficiency control losses G@)C kW/TR
@q'soom&ccﬂoooou

Load TR kW kW/TR
100% 500 310 0.620
75% 375 217.5 0.580
50% 250 140 0.560

25% 125 75 0.600



APLV 38307797 05?

APLV =LAppIication Part Load Value O?L) Project mé?qooomuog operating/load profile
8 (?%Q)(SGG’B’J(SUO)(TSO‘\) Part-Load Performance Index 39@(5 3’2058@[36(3]0)05"
° > ° . C C C L L

IPLV 0o Standardized weighting @Q)G:D’)C\)&)z APLV 00—

e Building load profile

* Local climate

e Chilled-water temperature

 Condenser-water temperature

e Operating hours

e Actual chiller staging

. Actualcpart-load efficienccy

o%oé%aéo@o)égmz%éd]mwn Actual Annual Weight

100% 5%

75% 20%

c > C C
7. goR APLV oo™ MR §e3nC 45%
o ! 2 ) - C C C C C o )
BO@AMyanmar Office/Hospital Building OO0IFAOZ0D OIOSOVOICVE Chiller
. . 0]
Op%ﬁﬁ'ng profile 03— 100%
(@) (0]

QQOLY0IDI

Le IL ¢l . . . 0 0 C
32000000 Chiller efficiency data 0?(\) 3’3&?8@[@00"

APL\((=O.6C200.05+O.5800.20+O.5600.45+O.6000.301
UgOOQ}JC—

APLV=0 ZS kW/TR

COP 32(9o—

COP=0.5783.517 COPAPLV=6.08






COP has been improved

Example 8HP Y series



1. Chiller eggElQMaximum HP / Amperes PuSeanMH§0S?
N\

Chiller ®0o:q TR 093 HP a?rﬁ%rﬁee@)gsméo I
O . : 0° C ¢ c(oe . .
HP a0020 compressor motor/electrical input 28 61@&3%0)’)@@[9 TR o0 cooling capacity

@é(ﬂm(ﬁll

Chiller Type

Small Air-Cooled
Medium Air-Cooled
Large Air-Cooled

Small Water-Cooled
Screw

Water-Cooled Centrifugal
Large Centrifugal

Very Large Centrifugal

Typical Capacity

10-100 TR
100-300 TR
300-500+ TR

100-400 TR

300-1,000 TR
1,000-2,000 TR
2,000—-4,000 TR

|

Approx. Compressor/Unit

Motor
10-100 HP
80-250 HP
250-450+ HP

100-350 HP

250-800 HP
700-1,500+ HP
1,500-3,000+ HP

Approx. 400/415V

Current
15-150 A
120-400 A
350-700+ A

150-550 A

350-1,200 A
1,000-2,500+ A
2,000-5,000+ A
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C C O N
VRV / VRF eoomesp 2NVOCCYM|MD0?
.. 9 C C C . C o C ©
VRE oo Chiller co) modular |00 e C Outdoor Unit or.wmsqlcso)
C C C o ° L
PN|Qo cuLIC00 39:1?3 lo epI80]|

module

3o

pOed Mitsubishi Heavy Industries €1°VRF N—
17 HP - 47.5 kW - Max ~40 A

20 HP = 56 kW = Max ~40 A
*34 HP - 95 kW = Max ~81 A
44 HP - 125 kW = Max ~92 A

52 HP = 145 kW = Max ~121 A
o(e ’] C
acL) ¢ manufacturer data GOQQJQ’.) eogﬂo 0D VI

355]6@@ VRF (7% battery backup C\?6€10’)’) 300/500 TR central chiller 0005

24P




4. Compressor Starting Current Analysis
30 kW Compressor
Running Current
~55 A
DOL Start
~330 A
Star-Delta
~110 A
Soft Starter
~90 A
VFD
~60 A
Engineering Recommendation
C

Ice Plant QP393 :0n¢ VFD Compressor 3930(@
System §C Batter 390000 %meooceox)o 200l Startmg
C

Surge ecqpe&a Energy EfflClency oemoc ea)oo&ou 38

C
@C 2005 Solar



Wihattistantlinvertelechnology?



1. Inverter a§ooo 0 05?
Inverter aSooéqu) DC (Direct Current) 09.2 AC (Alternating Current)
2[9é e@:éseosew) Power Electronic Converter @&Déu

DOLD -
Solar Panel — DC Output

«Battery — DC Output . . . .
3 DC oo 230V/400V AC 39@0) c|lUpCsc03so Inverter @@(ﬂoooou

2. Inverter 60303 IGBT § MOSFET 38[?,3 Somans?

C o1 o ,I° L o ofe N
ODMNVOGON Inverter oo IGBT Inverter, MOSFET Inverter 39[93 ezg(ﬂn
IGBT § MOSFET a8025 Inverter 03¢5 3209:(q|od Power Switching
Device 60 @ogof]oougn



C 0
We$6300 Inverter Technology 22}

1.EV Fast Chargers

2.Electric Vehicles

3.Air Conditioning (VRV/VRF)
4.Industrial VFD Systems
5.Solar & Battery Storage
6.Refrigeration Systems
7.Elevators and Escalators
8.Wind Turbine

9.Railway Traction Systems
10.Data Centers

11.Speed Boat
12.CNC Machines




Q _CO

2. Inverter Technology o Frequency nri)’ me@é eBoSsooocB
AC Motor speed 0 Frequency %,o?mL (YSSO(YSQ)SG:?&J&'SII

Motor synchronous speed formula:

N,= Motor speed (RPM)
f= Frequency (Hz)
P=Number of poles
(=] C
Frequency 0x|C
orhc
Motor LL)@:?
orhc
Compressor LL)@:?
Pump airflow/waterflow E’L)a{pz
Frequency GC\{]?C\}]E
Motor st Energy saving 9 Noise clev]e
3. Conventional AC Supply % Inverter agJB)aqlmc
Normal Utility Power
Frequency fixed
Myanmar = 50 Hz
cocC
Motor speed ee@ococ%c
Inverter Output
5Hz
20 Hz
35 Hz

CEN L=



What is Inverter technology?

Inverter d Compressor

Inverter
AC power
Input Converter
AC DC

AC

7

The inverter Is a device to generate AC power source at any
frequency to control speed of compressors or motor.

It is also called the frequency converter. ( Further itis called VVVF
(Variable Voltage Variable Frequency) inverter as it controls voltage in addition
to make frequency variable simultaneously.



Inverter Technology : The Basics

Inverter devices which convert commercial AC electricity
to alternating current with adjustable frequency and
voltage. Rotational speed of compressor can be altered

freely by inverter.

AC DC AC
50/60HZ mbeeed Three-phase
AC100V 7 inverter
Room temperature i Three-phase
detection signal ' [
> PWM control induction motor

Operating

frequency signal (Waveform formation)

AC inverter unit



Basic Diode switching example

==
DC
+ output
AC
. (Y]
input -







47



What is Variable Refrigerant Flow?

Linear Expansion Valve is used to
efficiently control the refrigerant flow
rate according to the load fluctuations.

An inverter controlled

compressor 1s used for

the refrigerant mrculaﬂpg Each indoor unit has an
volume freely changes in electronic expansion valve

response to the load of that contingally controls the
i i flow of refrigerant.
the indoor unit.









VFED Drive & Inverter moao?tcmﬂ
C

C o ocC C
S’BCTI.EO‘IJC\) O’JOOU)OOI @OCL)(I)C\)@ 00D OO C\EOG@’J«%C(S]OOOOII

Basic Invert . )
DC —- AC e@rﬂczeozeﬂ
Battery

l
Inverter

!
230VAC

VFD (Varlable Frequency (DOrlve)
Motor Speed oo Control evlel(]

AC Input

l
Rectifier

)
DC Bus

!
Inverter (IGBT)

!
Variable Frequency AC

|
Motor o . .
AN
VFD oo%n Inverter d]oc[gzooog @@(ﬂoooon



VFD = Rectifier + DC Bus + IGBT Inverter
+ DSP Conctroller o .
PWM 2005 IGBT gpz03 ON/OFF C\Doej

Variale Voltage/Variable Frequency 3-Phase
AC oo ooooeo GO $PO8 o&p[go)oo&)u

V/Hz Control
61 G]C

-Pump/Fan QPs 390000 ooceooo

«Cost c?@

FOC (Vector Controlg coc
«Torque oo oocqlm 00&:8C

-Elevaton EVI Inverter Compressor QPs 390000
ooceooo

C o
-Performance 326000C830:



"

VFD o?f :nugefspeogﬁn ooo?ocgeocx\)g
Water-Cooled Chiller Plant 0203320200 —
Recommended

1. Chiller Compressor

— Variable-speed compressor/VFD

2. CHW Pump

- VFD

3. Condenser Water Pump

- VFD

4. Cooling Tower Fan

- VFD

5. AHU Fan

- VFD

6. Secondary CHW Pumps

3 VED :
a?qCCEmer%ency Solar/BESS operation 320000
33(\03§6m’308(5]oooon
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3-Phase AC Input
|
\/
EMI Filter
|
\/
Rectifier
(6-Diode / SCR)
|
\/
DC Bus
(Capacitor + Reactor)
|
\/
Frequency Inverter
(1GBT / MOSFET)
|
PWM Control Signals
A
Microcontroller / DSP
|
\/
3-Phase Variable Voltage
Variable Frequency Output
|
\/
Induction Motor



Ventilation Fan &6 Water Pumping System ({ongé Inverter Technology (Variable Frequency Drive - VFD) (73
o C ° 0 C C C
322039\ Czeﬁ wemmmﬁmm Motor Speed 03 Load 33(305 33(3336 og
L Cc cC C 1 ¢ ) L cts o . L C
(=1 (§pTed{abTee] semosﬁ ]S oaazn 003C DOL (Direct-On-Line) @$00020 Motor 28} 100% Speed @%
3|QQO CGOD cseo?ooor\) Q%%OQ)GC\)’)(TSOO’) C\)éOUSGQ)OO 6 C\ﬂooaogogéssacczﬁ 30-70% 3200
C o
ngooo‘%cor]oagu

3-Phase AC Supply

v
EMI Filter
| Frequency Motor Speed
v
Rectifier (AC - DC) 50Hz 1500 rpm
| 40Hz 1200 rpm
v
DC Link Capacitor 30Hz 900 rpm
| 20Hz 600 rpm
v

IGBT Inverter (DC - Variable AC)
v

Induction Motor / PMSM
v

Fan or Pum

Motor Speed 22

*Frequency (Hz)
*\/oltage (V)

C 2,9 Com ocC, C"] Cc
?'*ADSLC\?OO? G@’JC&\)@ CD:?OERH_OO OD&?II



. O .0 ¢ . O CO C ¢
VFD Drive o?)cjn DSP Controller ™ “DsesNM (Brain)” Q0 $22C0 &Cc0lonodI Power
. o C (e o ° o
section 00 AC 28 DC 6[9303[93 IGBT $ motor (D power 60:03(|¢o|Ys! DSP m Motor &
° O C
current, voltage, speed, frequency, temperature 0022600 M 32|q02Cs07|Qs IGBT G
o O c_oc¢ C N c___C '] O Ic U 1L .

QM NWOIR (e‘n ON/OFF c\goqem ogmy|meuvsvlowll High-performance drive

o C . o COC C
clenl’e DSP ovliC eHep 39(\3§@§or:) real-time current/vector control o8 C\?()Q?CG@(S]U)(D"



VFD ooocu.s]p:rae@ ‘:‘,"”E‘;’; O
32 C&) VFD U)O)C\L) (\P Hep) /@
3'phase AC' 380/4007215 V
|
v

RECTIFIER
6-Diode Bridge

| bC
v
DC BUS éleoew DSP 393 power circuit ooeo power
Capacitor + eeoc*’eo*’oooae emooJlorru
! Motor b ::oooec\)')ooc %eoecﬁl Pudenad torque
| +DC GO°6C\)I IGBT 02603:3|C:803 DuS323]$ ON/OFF
v N oqj ¢ L q-lf
0O
) C o) c_ ¢ ,]
3-Phase IGBT 3 microsecond 3230C3200 0M|M60:070lI
INVERTER
Q1 Q2 03
04 Q5 Q6
[
|
u Vv W
|
v
MOTOR

% PWM VFD eo mput AC OO rectifier 0o DC G@)ésl DC bus capacitor o
mcooth filter 030 Qs1 IGBT mverter o0 variable-voltage/variable-frequency AC
$000560:0l02051

(7, Q.



Parameter Setting Menu
MAIN MENU

v

Motor Parameters
Basic Setup

Speed Reference
Acceleration Time
Deceleration Time
PID Control

Multir Speed
Analog Input
Digital Input
Output Relay

Communication

vV v v v v v v v v v %

Fault History






Single Phase InverterAir Conditioner (AC) éﬂozooé "Inverter" aooogoo Compressor
c O \20)
Motor Speed oo Variable Frequency @o 0058]||0SCEA0 Power Electronics System oo
aococﬂa)
oo < Non- InverterAC ooc Compressor a)p_chN/OFF O 0O8CEHA5: Inverter AC
C L\ olc C
ooc Compressor Speed m 20Hz 9 120Hz as:zaoo G|JPCsC0SCEIM6 C

oo C °
C\J)Llooooo 330:1)00:)09[9 Temperature Control $]*leplopl{eiehres]l



Advantage of DC Inverter Power Conrol

« DC inverter power control uses its full capacity at startup to cool quickly.

» Once set temperature is reached, it precisely adjusts current frequency to
prevent temperature fluctuation and energy loss



Principle of Inverter

Commercial power

supply AC
A NN

UV UV

Voltage: Fixed

Frequency: Fixed

From Power supply

INVERTER
Section

AC

/\

U
Voltage: Changed

Frequency: Changed

To Electric motor



Principle of Inverter

Power Supply Compressor

( ) (- )

- Converter Inverter ‘\Q

/ N y N y /\




sllelsl\VAS i [ [=lalMOeIcIg=1d[e]all Medium Rotation Speed

Gverter Control \

Compressor

- /

£




Highly Efficient Operation High Rotation Speed
(Start Operation)

mverter Control \

Compressor

- /

£




Highly Efficient Operation Low Rotation Speed

(Reach to set temperature)
mverter Control \

Compressor

- /

£




Illustrated Operation in Cooling Mode

Too Warm

Com able \

Start of Cooling Mode

Quickly to reach

comfort zone

After reaching preset temperature

2 Quick & Powerful

Keep temp.

in comfort zone

— . With Inverter ——:\N\ithout Inverter






Type of VIRV, VIRF System



What is the VRV and VRF System

e VRV (Variable Refrigerant Volume) §<§ VRF (Variable Refrigerant Flow) ooé saor,gor,gd]?)u Daikin
o VRV nyesl(3: as(gotonpgaBaagpiean VRF vy esledl (00005

VRV 8305

o o ¢

Variable Refrigerant Volume or% SQU%G(DD(YSG@TO:)§OQé(3]II @%eoq?agqceooo 03050593

c c [} [oJN N\ c . (o]
evoslélesl=Repic=lopl-HolosllosRerlciczHeop [ef=lepic=letc ol N STo b 16100 Te o) (Cooling load) oo eoop_a[g

L
BTN ecn AOOCOIDTBNS0sO aScSooodanRV 9805 eal 360l o
{ C\ll L 1°Y CRlo { °~s %W § LT

L
Daikin 330p8:6,60C0000:0d:0lI 333le(030¢ B80§0030 Mitsubishi 330gs:m0

o

VRF =Variable Refrigerant Flow
3cal 0lon0di 320000010 3263l 3260l O Dooo(ﬂum@T BMN&2 09BN S:
C\% S it it S % ° (?§° 08 CDID_D.°

Q c 0 c . . . Q °
VRF o ®§®C\%G@| |5(5]oooan Carrier, Toshiba, Panasonic, York, General ®I0PY, 3226

OQUSC\PSOT?QP: oocoéz, VRF System 39&?@(?::1)9 Registration @lagémoz@&oop_gu









Inverter type Scroll Compressor















INSTALLATION OF VRV

Precaution for piping installation

|. Ensure diameter of copper pipe and REFNET
joint are as specified.

Suction/ gas
pipe

Discharge/
liquid pipe
















Detall

65 m
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1. Air-conditioning summary

B3F: Water cooled chiller for 17~31F

i

49F: Outdoor air processing use water
cooled chiller for 33~47F

|
iz.

|

|
|

VRV outdoor unit for 39~47F

)
|

|
)

i
)

|
|

32F: VRV outdoor unit for 27~31F,
33~38F

i
]

|
|

:

>z’

|

2

i
U

16F: VRV outdoor unit for 17~27F

|
|

i
g%%s

|

l(
z

Il
|
H

i
$§

{

|
z%s

0

\
|

Outdoor air processing use
water cooled chiller for 17~31F

1-17F: Packaged air conditioner
purchased by tenant
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2. VRV outdoor unit location 1

« Rooftop
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Operation Status Monitor

Operation Status Monitor

Return Time-Searching Print Help
<CWT cub-2 final test 19%28> Monitor Cycle:clsec. 8/14/2007 19:13:51
| PUHY-P450YMM  Adres 061 ver.12.06/ 2.03 LEV1= 138 Z154a=0 S5V1=0 5V5b=0 Power=50Hz
Primality=Primary FAN-Ver Z2.03 FAN =96 2184b=0 5V3=1 SV5c=0 Rep=1
CtrlMode=0Ordinary Save=100% AE =57 Z21sdc=0 SWhd=0 52F=1
Ope Mode=Cooling F=131Hz Foc=6& Hz(Fl=t& Hz FZ=0 Hz)
DEMAND =OFF O (C/H) =163 /0 THES1= 46.% TH11= 84.1 THe= 32.4 &3HS= 25.5
DEMANDZ=0FF ¥Vdc=557.0 Tu= 14.3 SCo= 12.1 THHS5= 37.1 TH1Z= 44.7 THY= 10.7 63L5= 6.1
SNOW =0FF Idec= 20.7 Iw= 14.4 SCc= 32.3 THE= -0.6 Tc= 42.8
NIGHT=0FF SHb= 2.5 TH5= 30.8 Te= -4.0
| PUHY-P650YSM  Adres 062 Ver.l12.0Z/ 2.03 LEV1= 230 Z1sd4a=0 8V1=0 Svib=0 Power=50Hz
Primality=Secondary FAN-Ver Z2.03 FAN =10 2154b=0 5V3=0 SV5c=0 Rep=1
CtrlMode=0rdinary Save=100% AE =15 21s4dc=0 SWVhd=0 52F=1
Ope Mode=Cooling F=t6 Hz Fos=6& Hz (Fl=6&6 Hz FZ=0 Hz)
DEMAND =OFF Q] (C/H)=163 /0 THES1= 47.3 TH11=100.0 THe= 34.2 &3HS= 22.5
DEMANDZ=0FF ¥Vdc=5&5.0 TIu= 13.2 SCo= 0.2 THHS5= 36.0 TH1Z= 5%.0 THY= 37.3 63L5= 6.1
SNOW =0OFF TIdec= 18.3 Iw= 13.1 SCc= 1.1 THB= 37.6 Tc= 38.6
NIGHT=0FF SHb= 41.¢% THS5= 38.3 Te= -4.0
IC [QJ| TH1 | TH2 | TH3 [TH4HU [SH/SC| Li |TO[Save| ©O/F | Mode | State ICS A
15 10 26.0 413 15.0 99 1 19 100 Operating Cooling Stand by Cool OFF
16 10 26.0 13 189 17.2 1 19 100 Operating Cooling Stand by Cool OFF
17 16 264 1.7 19.3 17.2 345 20 100 Operating Cooling ON Cool ON
18 16 264 0.9 18.5 18.1 345 20 100 Operating Cooling ON Cool ON
19 10 26.0 04 185 181 432 20 100 Operating Cooling ON Cool ON
20 6 268 1.7 16.6 153 336 19 100 Operating Cooling ON Cool ON
21 6 212 -0.8 232 241 336 20 100 Operating Cooling ON Cool ON
22 6 212 00 221 225 336 19 100 Operating Cooling ON Cool ON
23 13 2438 00 16.6 16.6 504 19 100 Operating Cooling ON Cool ON
24 10 240 1.7 185 17.2 432 19 100 Operating Cooling ON Cool ON
25 20 240 13 131 118 363 23 100 Operating Cooling ON Cool ON
26 20 244 1.7 13.9 12.5 384 23 100 Operating Cooling ON Cool ON -
Return >




Easy & Convenient Diagnosis functions

eDisplay and identify precise location
of malfunction.

eReduce service, maintenance time
and costs.



Easy & Convenient Diagnosis functions



Easy & Convenient Diagnosis functions

c50¢2

Rapid & Straight Forward Trouble Shooting



Basic Refrigeration Circuit and Locations of Thermistors

2154 [!\\ I\ o7y BV1
4 >—y
\?gj CcV1

OTHs 2 C2
SV1a
L
i 63LS
ACC
1 b
TH4
L ]
Comp
ST6
ST7
NN,
L TH2 LEV2b
L
LEV2a ST2 BV2
A {1 = @ L
TH6

SCC (HIC Circuit)

LEV1







Siemens Controller

MT3006 Programmable Logic controller

MT3006 controllers are designed for ventilation, air conditioning and
refrigeration plants. It facilitate commissioning, powerful engineering and
service tools are available.

It has two types, MT3006(Inbuilt HMI) and MT3005(No inbuilt HMI)

MT3006 MT3005
Inbuilt HMI (Choose) No Inbuilt HMI
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Click to edit Master title style
m

TG-2000A Bacnet I/F

Largg scale :

AG-150A AG-150A Web

¢ Middle scale
: buildings

Centralized control with system controllers

: Small scale
: buildings

No centralized control

ME/MA
> Compact RC

Wireless RC
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Multi-Language Display

Settings

Monitor/

;I Operation

(Morth)

Lobby

i C f'-'1EE‘|:ir"|'£.1 toom [Zi'

N . 78°C
Tenant 1F-B

Tenant 1F-A

.|_U
Qi
iq)

.uUH
o

.|_U
iq)
fall]

Meeting room B Elevator hall

Waiting room

A

1F Lobby
TN=
_al




Remote monitoring

L

Buildi ng-A Internet

Intern
Internet

modem

PC

modem router

M-NET

et VPN

Vv 4

Power supply unit

B

Building-
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Nagoya Lucent Tower

Nagoya, Japan
40 stories
115,200 m? (1,240,000 ft?)
Application
Office/Shopping

Clinic/Restaurant

City Multi
<Qutdoor units>

R2 : 367 units
(simultaneous)

Y : 40 units (choice of h/c)
PUY : 9 units (cooling only)
WR2 : 15 units
WY : 10 units

<Indoor units>

A~~~ tEEA = ODON 1”1+~



Nagoya Lucent Tower

------

Outdoor Units

e
\Lexhaust air duct }

Units are
Installed
on every

\_
floor.

IIIIII




Nagoya Lucent Tower

Indoor Units

2%X2
ceiling

llllllllllllllllllllll

Control

grrsessseseeis s /'{Connec{m

BACnhet




Jlang Su Bullding, Shenznhen,
China

Project summary
Completion: 2000
Number of floor: 53F
Floor area: 90,000m2
A/C area: 60,000m2

Equipment

Air-conditioner: VRV x 1,170HP
VRV-K x 2
VRV Plus x 115

Water cooled chiller x
1,740HP

CUW120B5Y x 5
CUW380B5Y x 3
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_  — 49F: Outdoor air processing use

— water cooled chiller for 33~47F
— — — H -
D e VRV outdoor unit for 39~47F
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32F: VRV outdoor unit for 27~31F,
33~38F
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]
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16F: VRV outdoor unit for 17~27F

Outdoor air processing use
water cooled chiller for 17~31F

|
|

:
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@
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1-17F: Packaged air conditioner
purchased by tenant
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B3F: Water cooled chiller for 17~31F




2. VRV outdoor unit location 1

« Rooftop
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Qutdoor unit for Observatory & Hotel

JeRl AR 9bk)

equipment “Sky Ene-cut" is equipped
to enhance the cooling effect.



4. Piping Design, Pipe
Weight and Pipe size






Example of Water cooled chiller system

oo

ANANA

< cooling tower

OO
Water Pum

[\ P - Water pipe
iIstern tank

Chille {

l Y

N\

cx . 15%

©
K
















Chiller Plant Room












Electric wiring work

1. Example of electric wiring work for power supply

Power supply

Earth leakage % E ;t g:: i %

circuit breaker
Indoor unit Indoor unit Indoor unit Indoor unit

Power supply

...... EEEEEEEER.

1. Conduct the electric wiring work correctly
according to the law of your own country.

2. Don't share the power supply circuit.

3. Work after intercepting a power supply.

[| 4. Conduct the ground wiring work.

Earth leakage
circuit breaker

Outdoor unit









12.Service and Maintenance






Condenser Tube Cleaning Work



Changing of Filter Drier

1. When the chiller is completely stop

a) Ensure EXV are both in zero opening position.
b) Shut off Condenser refrigerant outlet stop valve.
c) Check & release (if any) the pressure of the filter drier before opening.



beriodic on .

Changing of Filter Drier




beriodic on .

Changing of Filter Drier




beriodic on .

Changing of Filter Drier

Connect a vacuum pump to the
SISt IR

b) Open back refrigerant stop valve
c) Ready torun



Cooling Tower Evaporation rate and Water losses



Cooling Tower Regular Service

Cooling Tower Fills Blocked and Damages will reduce the Tower Efficiency and Effectiveness, need

regular maintenance and service

Fillers gpz03 d9§es0:6(0320l §aadclm mdadappSdl



Offices



NHK (Japanese Broadcasting Corporation)
Nagoya Broadcasting Center Building

Completion 1991
Nagoya, Japan
21 stories

80,245 m? (864
ft2)
Application
cipffice
<Qutdoor units>
Y: 255 units (choice of h/c)

<Indoor units>
Mainly ceiling concealed : 455 units
and Lossnay : 99 units

<Control>

KB-300, KJ-300 with measurement
system



>Situated in Manila
>0Office Building

27 Floors

168 O/U CITY MULTI'Y
1049 1/U Duct type

Outdoor units are installed at each story

Manila-



Torre Agbar

Barcelona, Spain
35 stories (142m high, 466ft)
30,000 m? (322,900ft?)
Application
Office (Corporate office)

City Multi
<Qutdoor units>
R2 : 100 units (simultaneous)
Y : 4 units (choice of h/c)
<Indoor units>

mainly Ceiling Concealed : total
828 units

Y = WG R B

Total
1000HP=827 Rt G-2000, PLC



Torre Agbar

3 technical floors



Hotels



Daiwa Roynet Hotel

Wakayama, Japan
20 stories
24,276 m? (261,300ft?)
Application
Hotel,Conference room

(Hotel is located in 5-20 floors)

City Multi
<Qutdoor units>

R2 : 1 unit
Y : 32units
PUMY : 1 unit

<Indoor units>
Celling Concealed : 223 units
Others : 38 units



Daiwa Roynet Hotel

Can be operated in conjunction with
card key entry in the room.

Prevent to forget

to turn off

guEEEg
“
*
.
L\ ]
..
“aggunt

Low Noise Ceiling Concealed



Les Fleurs Boutique Hotel

Sofia, Bulgaria
8 stories
31 rooms
Application

C9 Wit

<Qutdoor units>
R2 : 5 units (simultaneous)

PUHZ : 4 units (choice of
h/c)

<Indoor units>

Celiling Concealed : 43 units
Lossnay : 6 units



Solar Power and Modern Data Center









IN South Asia / Southeast Asia
*India
*Pakistan
*Bangladesh
*Myanmar MM
*Thailand
*Cambodia
*Vietnam
*Laos
*Philippines
*Malaysia
*Indonesia

236209 :93% 3ao°c6°eo c 0?0 Solar potentlal c:op_o’cn eooooc;]u

yanmar & 39(\)0080 G@’)(DGCD @ﬂsm Yangon/Delta oooo Solar irradiation

L cﬂooooll World Bank/GIobaI Solar Atlas data & Myanmar :390000 GHI, DNI, GTI,
PVOUT o)oo spatial data GOOOO 326208 @U)ele]&c:(ﬂoooo

CooO
C

o)
925
on<



MM Myanmar DPOOYM 33008:)0@5
o \IL ° ¢ _C C 5 C C ,] C

Myanmar 02 Solar Belt 0067 000003 32236MNCI0D C$EP 020 @6)0 eploN]!

o) C o) ] C C o O c ¢ L . C
oviclens anﬁon m 6 PSH/day M0S0VE CV J00X00D(Gs Solar PV system design QOO
©20CE00II
PV design 26020 —
Location = GHI/GTI - Month-by-month irradiation = Temperature < Rain/cloud = Panel
oriengaigorgltilt => System lgsses > PVOUT
3230CCNM 0NV COIOWI
Global Solar Atlas o Solar resource Ofc?) GHI, DNI, GTI % PV production potential o3 PVOUT
(kWh/kWp) 39@(560800’)2@8 solar resource data resolution ™ ~250 m 3200 g]cf]ooosll
E ooc:; (Solar + BESS + Datg Centercafgsadgmc
3323|MM 3200:3264); :0lon LI
6 PSH/day slor.woc accé[g
1 MW PV x 6 h =6 MWh/day

o Co cC O "]
Q0 02920 0Ol

Lo C 8 Lo
02N VO0—

Energy_= PV Capacity x PSH x Temperature/Soiling/Mismatch/Wiring/Inverter losses
©0I0N VI
C

0D 1 MWp PV 0% 5.5 PSH ﬂ\sosystem performance ratio 80% Ql?eooa?q(g—
1,000 kW x 5.5 h x 0.80
= 4,400 kWh/day = 4.4 MWh/da
[\ oC C
cQOOMO usable AC energy §SCOlooII
:ﬂe@dé Solar Belt §fa¢: = 6L foee'lsa(@oo
° C 6&" C

. = .. (@)
irradiation smocogf Cs QO c?ooc\)@ooo

®)

C coCf™C C N C C
8 39@ ogoofcgcs eo?oooo fo)o)e Solar






Re mended System
<rles | Configuration
*AC = 1.5 HP Inverter Split AC
*Hybrid Inverter = 6 kW, 48 V

*Solar PV = 4.5-6.0 kWp
*Panel = pOeD 550 W x 10 panels = 5.5 kWp

*Battery =48 V LiF PCO4, 100-200 Ah

*Grid = Backup 32|Q®©

*Daytime omode =CSoIaCr - AC Load

*Solar OQEODMAYC = Solar + Battery / Grid
. . L . Q_C C

*Nighttime = Battery + Grid (C\?S'BOC\J')JC)

. C o C C C o C(oe .
6 kW inverter oo AC OO®C\?800@8390%(D 39(\3?(\?6(\)’)00[98 AC + Refrigerator
. C o o C(O C C

+ TV + Lights + Fans + Computer 00 320003 load Gogo?d] oom[glcoo@z

c _¢C OC C o° . C
oogo)ezmz?cd]oooon Inverter mee]%ep?o running load 39[90 compressor

> C

O

, ) o} C Ic O
starting/surge capacity galavieviiININ[S]lealOv]!



e O (0] o (o] C (-] O C C C
3000 1.5 HP Inverter ACJ QM DM @ 1‘)’)61 aom oomeeocseoo
O 0 1 i L

20Ce|yp0} Battery oo 51.2 V, 200 Ah LiFePO, mmaocﬂeoou
Battery OOO)C\) 61 Nommal Energy—

BattngCa pacity

51.2V x 200 Ah = 10 24 kWh .
:ﬂeoew Battery oo 100% czlepl-llow

(I)@U)OOQC— L

o

> 80% DoD 51138@8 Inverter efficiency ~90%

10.24 x 0.80 x 0.90 = 7.37 kWh usable

:ﬂe@pc Battery ooo)cx) ™ c\)meoosaoézqﬁcooo = 7.4 kWh coonod
OOl Lo

fj



C C . . C C N (@] o [© . .
efBeem Residential House 3202 20C602000:0) Load 02 326(§9|qz Preliminary
Engineering Sizing ogorgeogcﬂeugn 28D & °:erg PV me$ Load ofg o?rrgocﬁcogjs@u
P_o’:nog a4 f')selcr}’ LiFePO, Battery ?P Backup C\PO@QOS Hybrid System @@(ﬂoooou

Q c cc ¢
1. Load M PDGCI$L$IOUO
° . C 0 : .
AC Goggl compressor M inverter type @@C\? actual consumption 0o cooling demand 32
C ° C C . ° . . .
oooo/ocucﬂeoon 32000l07 conservative preliminary design S’BG«?«%’%OO’)SOO’)(;'II

C
m

Qo

Load Qty 9'%?%3 Power Total

Inverter AC1 HP 2 ~0.8 kW ~1.6 kW
Inverter AC1.5 HP 2 ~1.2 kW ~2.4 kW
Refrigerator 1 ~0.15-0.25 kW ~0.2 kW
Lighting — ~0.3-0.5 kW ~0.4 kW

Running Load ~4.6 kW



. C C
2. Hybrid Inverter 22036007 A0WQS?

Peak simultaneous load 093—
= 4.6 kW

~Qo

C\O)OOG]CCCE starting/surge margin ifuture expansion
Lo IL . C o
320000 6 kW Hybrid Inverter o) 32$D0830%

C L L
32 l(S]OOOOII
8@030@00505@613;{]()5@00—
LL ° ° 0O il
80kW 3-Ighase/SingIe-Phase Hybrid Inverter
e[ [Salen
6 kW Single-Phase Hyb@id Inverter

(o] C(O C C C C

®)

OC o
33@4199 AC4 C\?SO? 0D®|QICODDIs run eooacg C 8 kW
Of(e C C
class M 9{33 comfortable @o)o ep]00)



Growatt §LSPH/SPI\Q 8000-10000TL-HU series o Single-Phase Hybrid Inverter @é@g
LV Battery %o%z@lécﬂo\awu UPS transition ~10 ms, LCithium/CLead-acid battery
support, generator input i muoltiple MPPT options Olocolondi

8 kW Single-Phase POYM POM Specification

Parameter
Model family
Rated AC Power
Phase

Battery

Battery type

PV MPPT

Max efficiency
UPS transfer
Generator input
Smart Load

PV + Battery

Application

Growatt 8 kW Single Phase
SPH/SPM 8000TL-HU

8 kW class

1-Phase

LV Battery

Lithium / Lead-acid

Up to 3 MPPT depending on model
~97.5%

~10 ms

Yes

Yes

Hybrid

Residential / Villa / Small commercial
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Solar PV Size Calculation
%650 W N -Type TOPCon Panel :39:)0 @l@()@ll

Ogﬁeooooosl target 00 Data Center daytlme energy 00 328m offset C\)ocoooo :0londi
Option — 1.30 MWp PV

N=1,300,000/650 =2,000 panels

C C C
3202000001000 —
650 W x 2,000 panels = 1.30 MWp

The solar panel temperature coefficient
quantifies the percentage loss in power
output for each degree Celsius the panel’s
temperature rises above 25°C.

650 W N-Type TOPCon Panel aoooo:noco?

N-Type TOPCon aomo Solar CeII 61 semlconductor structure 00 N -type silicon 0?[9 Tunnel Oxide
Passivated Contact (TOPCon) technology ? efficiency @Cooo oo PV cell technology ®(ﬂoou3||
eoe’):;aecﬁ JinkoSolar Tiger Neo series & 650 W class N-type TOPCon modules ﬂ[‘jl Jinko 61
current product information & 650 W cIass 78-cell bifacial module, efficiency ~23.3%, bifaciality up
to 85% ? 30-year linear power warranty 28 Gm@ooo 20l S



Solar Panel €15TC = 25°C 9830’)’) ”oooo<§ ocalcczsaoeui 25°C” o

NRELOOC\)&) STC > 1,000 W
39[«_?30) 2009809000¢ (ﬂoooou

1. o»e Bog Solar Poanel ocv)elc Output muoom’
Solar Panel ooc»euom poed—

650 Wp @ STC 25°C

c\) Xepeest 61C 650 W aoooo Cell temperature 25°C & eléﬁ% or\) rated maximum
power ®0lonudi

CSGEPC cc):oc\)oor)saé] Panel zaoqﬁoo Outdoor Ambient 0o
3293 O&COIO0VAII

I L
POEd—
Ambient = 40°C co
9 Solar CeII temperature = 60—70°C O8C Eolon oo
33339%@@’3 Semiconductor Q)OO Silicon \oelectrlcal characteristics
clupCo

*Voc G(\'ﬂ?

*Vmp e3P

‘Pmax e

Jsc oo co5p8:cuSoBHES
o0lo Sl

32008 oo[g.i_c Voltage mu@ o Power crﬂ@cg €1°39800336995
S0lon oIl

o

-~
Oof)



. 0
Temperature Coefficient a?ooo:)‘:ocﬁ?

)13
ASIA OCEANIA TR
Pmax Temperature Coefficient

806’)
yPmax = —0.29%/°C
0qC—

L om O OC : c oy . C
Cell tegnperature 1°C 0250>C: Maximum Power 2000 0.29% 39,
Mool
Formula on0—

c o Pr=Porcll +vpmax(Teen — 25)]
@@&mwn

POED 650 W panel, coefficient —-0.29%/°C
Cell temperature = 65°C &(L%(;]‘%"
Temperature rise:
65 — 25 = 40°C

Power loss:

40 %X 0.29 =11.6%
So(pé-

650 X (1 —0.116)
ofe P~ 575l C
30[93 650 W - ~575 W 3200 cql‘é,c‘:o o0Vl

. C L

:3%0’3 Ambient 65°C eooood]o?zu
Cell temperature 65°C @661&19’)5]"




4. &33000 4 1‘06[ Battery Sizing
J0CB000D8 oo Battery on—

LiFePO,
514V
@)O Ah
C ’] C
©0lon VA
Battery méa?gqonominal energy:
51.4V x 200 Ah = 10.28 kWh
06O Battery ooam)z = 10. 28 kWh (9o 0lonodi

3Teoeoo Battery oo 100% 3D aoo 20 80% DoD Gc\)’)(rg()ﬁe(ﬁ&%qé
usable energy Oo—

10 28 x 80% = 8.22 kWh

e&rooo d0looodi
C c C OoC
Inverter efficiency OOC\) QOO ORONEC 322059|§COD

~7.5-7.8 kWh G(\)’JOO %&) OO(O)SM

C o AN

0D AC-side energy o

[}



Inverter Selection



ool Inverter Selection
Commercial HVAC éi]’)z:?aog(rg
« Hybrid Inverter

« Three Phase

« Grid Forming

« MPPT Multiple Input

. Parallel Operation

. Black Start

« Peak Shaving

« Reactive Power Control

Inverter Efficiency

98.5% to 99%

i S . C
G(G)PQJOOOOCO?OO@II



VRV/VRF System eﬂ’)‘;?é Water-Cooled :xo?eo?og Air-Cooled Chiller eﬂ’)m% Solar PV @ccz
S2sCa30) 690500¢ High-Power Three-Phase Grid-Tied String Inverter 0360105

6EDCI&CAVVIM W6 Gaooogcf gh-Powe eec ase g Clee

Central Inverter QP %edoza?ssaa?s@l@&w@u

1. %ungrgw SG350HX (Utility & Commercial)

DceaqpPean Application

« 500 kW Q Multi-MW Solar Plant

e Shopping Mall

* Hospital

* Data Center

e Chiller Plant

Specifications

e Rated AC Output : 352 kW

* QOutput Voltage : 400 Vac, 3-Phase

e Efficiency : 299%

 Multiple MPPT

* PID Recovery

* AFCI Protection

* |IPg6
P3|Y|W

L
e 300TR © 1000 TR Chiller Plant egoz
VRV Outdoor Unit :;faeipzs’a@ogﬂeooo Commercial Building Qe









COC "| '] cC OC
Solar Inverter eoog) esecv)c.{.co oooon 3 eoeoo Inverter ooooo?coo
C of C
oa§3ae[§396§m (AK: G(\)ocoooeo?oooo DC Arg, Short Circuit, mﬁcngcﬁ@cs,

Compon[ggqt) Iéallure, [qu())se Connectlon, Overload/OvervoItage

coC
hjeplerle CSQ{PgG COZ 0:cCODC&CO OOOOII

L



Batiaries



“51.2V L|FePO4 (Lithium Iron Phosphat Battery” 00 Solar PV, Hybrid Inverter
BESS, UPS o)?a)eoom 39 °eo 3300 @l (gloooou 63990%0 51.2 V100 Ah ? 51.2

V 200 Ah m 328N CODS [9 Speuflcatlon $ ¢ oeoooo @ooo (3]oooou

Energy oods.fés
o

Energy =V x Ah

=51.2 x 100

= 5,120 Wh

=5.12 kWh



“ ey O o .. ¢
Solar Battery @ 8000 Cycle Life 00DM §2:000

336618 ESJICDOSII

5C0

3280n3139e Battery o] Charge - Discharge Blcogor} 330.)3@1}9 Cycle 3aeelzaoomc
c ° 2.0 € 355 1330SA L L L ©

8,000 943200 33:).2,@ $CLWL 00 3269lwol
1 Cycle 8307 90 05?
Battery 03 1LOO% 39’):1)5@ 100% @Cd’roosoo 39(005@[99 ¢ 1 Full Cycle )

C y cL c *~o U’ e L o 9 Lo
oooogsoocﬂoou)n
PO~

0]

c oaés
{?3 Solar - Battery Charge

2

5QOBattery - !_oad Discharge o . o o . .

38\? 10C0% e%uwalent energy o Charge/lzlsc\harg(@lng\?o([%sc c1 Cyocle @o)d]oooonc

306005 COMEGOY & Battery oo 100% 030530 ODOBO0OOVCEID a?zmoéﬂozc;]mwu
0ED—

. gei 3CO% o?

* 6§ME6$ 30% 203

* G '305&?)40% Nk

03036563 100% equivalent throughput = 1 Full Cycle C\%o c?ozmé%&ﬂoocﬁn



MPPT 83200562 920057
Maximum Power Point Tracking



1. MPPT s320p5 ¢ 970057
Solar Panel ooo)ellﬁgﬁ Output Power oaé

Power = oltage x Current (P =V x I)

C
@o)o 2001l
c5eepClandi 3208158¢ 3280mie e[ C:ad2005325] Panel e Voltage ¢ Current coods e@;&cﬁoa@é
b O S2RYpeS F2TUR ST TV 9° 3¢ 22 eget :
CDOD&CEIN Power copos 33[9@ Cse0e90I0Il . . o
MPPT 2000 Voltage §¢ Current o3 3230050403 o?csooo@s Power m@ga@sqma Operating Point 2]

| R L
ﬂaeg08$303§seoaem Algorithm @og(ﬂa)en

2. Maximum Power Point (MPP) . o . . c o
Solar Panel e\ |-V §C P—V Characteristic eple 39@99?3 Power €200 32600M Maximum Power Point

C
(MPP) o?eaToagn
6]2s)
MPPT C)Oé Panel (73 600 V o%z(rﬂéogé c\)éooﬁe@@z 120 kW Ofcl)) sﬁ]es’aoé o&%geozcﬂoaén

Operating Voltage Current Power
500V 180 A 90 kW
600 V 200 A 120 kW (MPP)

700V 160 A 112 kW



PUE (Power Usage Effectiveness)



ltem Power

IT Servers 1000 kW
Chillers 180 kW
CRAH/AHU Fans 80 kW
Pumps 40 kW
Cooling Tower 25 kW
UPS Loss 40 kW
Lighting + Security + BMS 60 kW
Total Facility 1425 kW

20w (1 MW IT Load)
BelopS
PUE=1425KW/1000K W=1.425

aSC\%oocém Server 1 KW 320000 Supporting System QP 0.425
L L 1l C Oo C C
kW oooesga)g[gl&?w@m %emmq&]w&au

L L @)






BMS :nocx?f)aocx‘)?

BMS =OBattery Management Sys’(c)em coc .

BMS o) Battery §) Safety Brain O 00580l LS

BMS o 6320050 ?396”0860)08 s \eéoé@é&oo&—
(@) L [ o

* Cell Voltage

* Pack Voltage

* Current

* Temperature

 SOC — State of Charge

 SOH — State of Health

* Cell balancing

* Over-voltage

 Under-voltage

* Over-current

* QOver-temperature . .

pOe? Battery temperature %cg%@gcooelc BMS o
charging/discharging current o8 GCRP"’ZI‘%C Qs

CO 2 C C
%%epwﬂogzae[és'ae?%o system trip/shutdown @@Gmc

. C "]
protection C\?OGOSO oplov]]



6$324|$ — Solar 4P36$0) 73]
DOEI—

PV = 500 kW

Lgadc= 300 kW

NC—

500-300=200kW

oee?d]oooou

EMS o0 Battery SOC 3 @é Qs 353 200 kW o% Battery

O

ol
Charging 390000 322059 |SCOlOOOI

PO — L

SQCCF 40% 0] C C
0§ C Battery 2p Charge QRO WI
PV 500 kW

—- Load 300 kW

L. Battery 200 kw

T
SOC 40%

N WO



SOC 90-100% eePorSc\mIf:

oSLe Battery—

SOC=95%
Gepoomo[gaoelc EMS oo Charging power ) ecgp&cd]cnwn

PV power 00—

* Load OOG()°

e Grid export c\)o

* PV output curtallment C\)o
®oooeoo GSO’JC m&cd]oooou
Battery oo 100% eo 339.]‘{»99
390000 39(7{” G]&C(S]oooou

oY On Battery life

L§
3
@)
90
~30
c
-30
S)
Cn
S,
®
%
0N
%
I-QﬂO
0N



C
EMS m mmoma\)‘?

EMS = Energy Mapagement System
EMS 00 “BESS moam°61°Energy Management Brain” C\)

QKD&CJkDOMI

8060—-
EMS
I
[ I I
! ! !
SOLAR GRID LOAD
I I I
I
!
BESS
EMS on—

 Solar 08(7839’)8

e Grid Power

* Load Demand

Battery SOC

Battery charging limit
Battery discharging limit
Peak demand

Ti schedule
O O c(oe N

onm s Battery m mwsa;flj Charge moeml

ooogzaqw Discharge cO0O© 00 303|Q0OO6030 oooon



pOe2 BMS oo Hy!ri! Inverter oD—

Battery SOC = 78%
Battery Voltage =51.8V
Battery Current =42 A
Temperature = 31°C
Maximum Charge Current =50 A
Maximum Discharge Current = 100 A
Battery Status = Normal
oo . . OoC C
Sej (St information GozéL.C(ﬂoooon
Inverter o 333 information 08058@8 Charging/Discharging
23&anSO) C LoL
(M00$:3)|00I0OOI



Thermal Management System &) 32800 0SQPID

1.
2.

o v AW

]
Battery Temperature ™ 20-30°C 9$02¢ mfsmosgcs
L Q@ )

o 0] (0 C

Cell 3’3’)8C\38€ﬁ Temperature 0D 0203&CI00) @eﬂe@@cz (Temperature
Uniformity)

C C . C C
Battery 3209$000DY|C Cooling @lC\BO@CS

O . C C
39&3%@333@:130@3000)5 Battery 0 Heating @[C\Poeozgcz
Battery Life > 03:60(9Cs
ocLt ¢ C

Safety 2p @gooceoz Cs



1 MW IT Data Center s§s~l€? )

o IT Load = 1 MW oooz@gd]n
(o) (o) C °

PUE 0? 1.40 Q?OQRQOO&:L)G]_C

Total Facility Power
1,000 kWx1.40=1,400 kW

1,000\, kW \times 1.40 = 1,400\ kW

Sefops
é]eoaoo AI Data Center 6’) Server/GPU load 330)«? cj::)oozof\):a’am(rg

cooling m server power 1s oococnom absolute kW mcgés cf:c%o%cc:(ﬂmwll
Load Approx. Power
Server /GPU /IT 1,000 kW
Cooling + pumps + fans etc. ~200-300 kW
UPS / electrical losses ~50-100 kW
Other ~50-100 kW
Total ~1,400 kW

ASHRAE o Dlrect to Chip liquid cooling 00 Al/HPC 390&(73 mdustry standard
@@(\)’3&? (\) c05|Qoone[Qer warm- water cooling 20:q)C chiller ooeoooc
ec&pa] wooep &coooSm em@ooo 2010005



Air Cooling vs Liquid Cooling
Traditional Air-Cooled Data Center
GRID
v
UPS
v
SERVER/GPU
| Hot Air
v
CRAH / CRAC
v
CHILLED WATER
|
v
CHILLER
|
v
COOLI NG TOWER
3@0 power @28 oo equipment Cleslen

ﬁr Fans + CRAH Fans + Pumps + Chillers + Cooling Towers
Q0lo0WOII



CRAH a§m 277 ?



CRAH agooo 27700?

CRAH = Computer Room Air gmdler
CRAH Unit ooeo 328M3N: c—
*Chilled Water Cooling Coil
*Supply/Return Air Fan

*Air Filter

*Control Valve
*Temperature/Humidity Sensors
*VED Fan

°DDC/*3I\/}S Contgoller
60 0loCo oooou

3’2661 [;_ra opplep CRAH & Refrlgeratlon Compressor e(ﬂc;]oooll
Chiller Plant o ooooeo oo Chilled Water O?OCRAH Cooling C0|I o0
@ooooa G®[9 Data Hall com oc\)ooo Air 0D 632: 200l









CRAH vs CRAC — mwcmoc?feglsa)c?a)cﬁ?

Small Server Rooom / Telecgm Roomc
— CRAC (DX) evkNjeee C\gooofl?(ﬂoooou

Medium/Large Data Center o c ¢ .
— Chiller + CRAH System o (eoogeoood]oomn

Large Modern Data Center / Hyperscale .
—> Chilled Water CRAH, In-Row Cooling, Rear Door Heat Exchanger, Liquid Cooling @07

52006360003 IT rack density cOle025(Qs 60lIC:063:8ESlon oI
(i -
O 1 IL L L

Saogzoo@cé Al/GPU Rack 30-100+ kW/rack 3’380(5:66]?3()6(\)’)616 traditional CRAH air
cooling oooo)e?ooég% ec}'?em’)(ﬁ%f:%oo?or\) Direct-to-Chip Liquid Cooling / CDU
O$OGOYM ooegogczoaezmzqcﬂoown



CRAC/CRAH 8, 39@ a3 Capacity” 03 3 &[gpoyaes] Unit
oooco q_lc oechapauty § cugtom a|r-handler / fan-wall

system oooam qﬁcapacnty m g@o @@q&oooon .

C\)oos]ooooC\)o:Deooooeo Ogﬁeoooo)o)eeo ooo 206Q00M
STULZ m 3acu1$ oeo.,cﬁ CRAH capacity range m
oooomucql a005fqoorzoloruSu

1. CRAH 33@°80° Capaaty

STULZ CyberAir CW/DX q c\)mq specification 30§ —

*CRAH (Chilled Water / CW): 60-1,080 kW

*CRAC(D 20—105 kW

*CRAH 32 aoo = 1,080 kW

*1,080 kW = 307 TR

-Alrflow cr) caoz = 90,000 CFM a§

STULZ oowoocoo CyberAir CW 00 large-capacity perimeter
CRAH 32[06 em@ooo s0lon oS

g]g;@fc ‘CRAH oooc\), 300 TR empP f}'"% co3?” >
§aco o205

2. CRAC me
DX type @0300 CRAC GOO?? compressor (S]UJDG@’JC CRAH
0005 unit capacity o 0033 @c $p08 520londSi
STULZ CyberAir DX range on—
20-105 kw =5.7-30 TR
208§ ClonuSi
0ED—
105 kW +3.517 =299 TR
a(céeoo? 30 TR CRAC ooc‘;c(éz GO @6(3]0005"


https://www.stulz.com/en-us/products/detail/cyberaircwanddx/?utm_source=chatgpt.com

(o} C C C C
STULZ CRAH Fan Power o @@eotﬂf:o@&ew
STULZ eLCyberAw 3 CW published engineering data €2 POED—

8 data Zlealop 400 V / 3-phase / 50 Hz, 20 Pa ESP condition CINOOM published values @(5(3]0005"

CRAH Cooling Capacity
~45 kW

~67 kW

~97 kW

~129 kW

~174 kW

~221 kW

~239 kW

Airflow

10,000 m¥h
12,500 m¥h
23,000 m¥h
24,000 m¥h
33,000 m¥h
47,000 m¥h
48,000 m¥h

Fan Power — CWE
1.6 kW

1.7 kW

4.3 kW

3.4 kW

6.1 kW

10.1 kW

9.7 kW

Fan Power — CWU
1.0 kW
1.5 kW
3.0 kW
2.7 kW
4.2 kW
7.8 kW
7.5 kW









Why Water Cooled Chiller is more suitable

For Data Center?




Modern Data Center ‘? Al/GPU Server Gooe’) VRV/VRF oaeoooo oaoef Air-Cooled Chiller
m POM Coolmg Plant :ra@o) WESs °:n Water Cooled Ch|IIer + CRAH/CRAC + quwd

Coolmg OO ()@3900 @l(DOGlOO 3’36 OO 3’36003’3’) COI momweamc&ce (heat
transport capauty g? Cooling Density 00’) oeG C OO oooou
Qo
306G °& 32 OOOO OOQ)G@DC oD @’) C—
QE(0F0:309)050 251588

6§20 emoom ooouofo Volume 3'aooco 39000 ooooeaoocaco)eo
POY$4PReNe Boc High-Density Al Data Center el Water/quwd Cooling m
T30l




o o cf C C

1. 326|993 Physics m 3§C ec'lezaoc
cC O
3200VOEE|JC:0) 326|J38(YC—
Q = mC,AT
C coC "]

[ggco:ogooél.co 0p10b]]
Where—

*()= Heat removal, kW

*m =Mass flow rate, kg/s
*C, =Specific heat

*AT= Temperature difference

ccv (Air)
. C
Air 32000 —
Cp, = 1.005 kJ/kg.K
Density =
Pair = 1.2 kg/m3
cq (Water)

Water 390805—
Cp ~ 4186 k] /kg.K
Density =
Pwater = 1000 kg/m>

,] c c ocC C c )

3 e@)g 6g mass 020 kg 3200MLC 6v0Mm ~4.16 %0 heat capacity
0&{]’)86]0)00"

"] C j O CO C c(e ,] C
310D COMMNG2O30 ’JI?SII Volume 3’BC\?(T)&?G]_C ('Tg) Sﬁm 3’3(\8:? Hol{eplow]||



R 0 O0C C
2.1 m3 Air ?'s 1 m® Water o) SC3udpeud

JL
Air

cOn

| ] Q = pVC,AT
1 m3 Air czloplonhy
Q = 1.2 xX1.005 X AT

LQ =1.206AT _
PO Air temperature oo 10°C @cooooaceo eooaoslc—

Q ~ 12.06 k]

Water

Q = 1000 X 4.186 x 10
Q = 41,860 kJ

of » C C . C C
ooc; C 1 m volume ooooo? MR RC Water on Air oo ~3,470 033,
mommeaoocaco oooou
O AN

:3]00 Data Center Cooling & Water 22 3’3(\8%0‘)%8? 600 ’3’36@5 Physics ol



1 MW Al Data Center oo eoeooo 5 Ceooc

Al Server Room @'3 ITLoad = 1,000 Watl)o OL)II

Server oo oo QJ)JQ@@@@ 3966\1 394{]9003030 ec?oooa{)o o0 Heat @@:D’J cﬂoooon

33@@ (sdc —
1MW IT =~ 1MW Heat

®)
0]

1kW IT =~ 1 kW Heat
Jefopé-
C (o]

Cooling system M 3% ao 1 MW heat oo 32506[005005e:8E elcﬂeoon
c . _co ¢ 1
4. Air Cooling f 1 MW 25 coooeooaoelc
Air cooling D —
Q = mC,AT
Suppose:
*Supply Air = 18°C
*Return Air = 28°C
AT = 10°C

1,000 = m(1.005)(10)

. m=995kg/s
Air density 1.2 kg/m?3 @@

-—80

99.5

T 12
V =~ 82.9m3/s

C e O
0205803 -
82.9 x 3600 |~ 298,000 m3/h

N of BN~ ~ . ®) ’] C
o)) 3acu1s Bsmsoo airflow cooloo Il
° (o] L

~8o




Water Cooling $ 1 MW wudeud
Chilled Water MD—
*Supply = 15°C
*Return = 25°C
AT =1Q°C .
0025|030
1000 = m(4.186)(10)
= 239kg/s
Water density = 1000 kg/m3 blepicriealeshy
V = 0.0239 m3/s

C e
OO@?’)G]-—
0.0239 x 3600
~ 86 m3/h
Cooling Medium 1 MW Heat AT =10°C
Air ~298,000 m¥h 10°C
Water ~86 m3h 10°C

Air 63 298,000 m¥h emmcegﬂetﬁsaqjc Water 0 86 m¥h a%?g C\%o'loooSu
20

C A N (2] CO C(oe ° ocC C
ﬁ@@)? Pipe GOOSGOOS% 33%83’3&“’)8@8 (DéLoC[Bg Fan Energy C\)@S GC\{I’O)&LC(S]CDOOII






Data Center 030 GPU (Graphics Processing Unit) an%ooa ooeieaog Al, Machine Learning,
Deep Learning, High-Performance Computing (HPC)

(o] crc¢(>c¢ C C N g . Cc O
workload Gogoc? 39c\8§[§§[§1308mq|m608003 high-performance processor oom:msd]u
3961600 GPU o8 Computer qographics/image renderin 390806 3980033&?8@[560@05
Se[= Data Center Cleal s Al calculation accelerator 33(@o 39(\8%396618@8(\)’)6]00(6"



NVIDIA GB200 076 Rack = 120 kW cv22?

wosuloowd — design/rated rack level 3ae1s1\s ~120 kW
L o) ocC '] ¢ °

class Q0 QISCOloOWI

GB200 NVL72 eJ;’)—

*72 x Blackwell GPU

*36 x Grace CPU

*18 compute trays

*9 NVLink switch trays
eLiquid cooling manifold

°J%ac(k ower shelves
olocolon VAl

:ﬂe@oé 8 Rack oqueL)m—

~120 kW Electrical Load
O C C C C C

0EC 3200S000EW) Thermal Load galevront:
L c Ll 1 °

32|ges(g|Ce3208|§C—

12C0 kwW =C1zo kW Heat

@@(ﬂoooou

BTU/h 33@5—

12C0 X 3,4C12 =~ 409,000 BTU/h

@@Lﬂoooou

TR 39@6—

12C0 3.5}7 =~ 34.1 TR

@o)o ep1o0]|

GB200 NVL72 026 Rack 03 Cooling Load ~34 TR 60705
(@] C C C OoC C

QO mﬁezchpzmz@co’\mwu






. . . N o C
Liquid Cooling §),320M32232003|M
Modern system &

GPU - Col ate 9 Water - CDU ? Dry Cooler
O N C O O Co OC C
elopleeIAH~ &s c? heat 0D D ODMEMNLIAISCOIOII

Tefos
*Server fan speed |,
*CRAH airflow {,
Chiller load ¢,
*Compressor power |,

*Cooling tower power \l,
°Pump power 39%@ :cd P
@@cﬂoooou

o C
326Q: 229000 Pump power 02393720700 Fan + Compressor power 60q23308020
0 9°éco']oooou

ASHRAE 61 case study ooa)ae’.) warm-water direct cooling oo oo SuperMUC-NG facility oo
cooling PUE <0.07




WOV LOJo JYILTII VISV OINJIovIJINY EQLDJGJD

Al /7 GPU 'sER

GPU — Cold Plate
CPU — Cold Plate

HOT WATER
35-45°C

\4

CDhu
Pump + Filter
HX + Controls

I
|
| Heat rejection

v

DRY COOLER |
Fan + Coil |

Heat — Ambient Air

v
30-40°C water




gec?ep?’) Dry Cooler + Warm-Water Direct-to-Chip Cooling

30-650kw Heat Rejection Telecom Server Room Data Center Radiator Liquid
Glycol Free Cooling Dry Cooler



eqoo oooooaeooo "Cold Water" emoocﬂ
3392{|0000 39(\)6?39661 [(_Bocﬂoooou

Traditional chilled-water system 2

CHW Supply.= ~6-12°C c
QDQ||s 320096328 00661 23300050l LI

Direct-to-chip system €260

Wagrp ateg Cooling
d0ssColooOI

eom design ooc»am—
GPU mlet 30-35° C

GPY outleg: 33-45°C
Q¢ ®éCO oplo0]|
GPU M & 00 5-10°C Gmmoemé

C 2] (2] O C C
oeog[gg 3533900? CDU eplepl ot ele Dry
Cooler aooo’Toooon

-0



CDU 6\1°Heat Exchanger m mC\?émcﬁ? 5 o

?nog) Data Center Engineer crleplen 336618@8353833(30860805(7)
ooo)eL;(ﬂn

Server-side water 0% cooling plant-side water $
eespeaqjgo}gsfadgrrg Heat Exchanger sooos%&ﬂmugll

GPU LOOP HEAT REJECTION
LOOP
GPU Dry Cooler

| A

| Hot Water |

v |
CDU HEAT EXCHANGER ————

| Cool Water

v

GPU . R

3le C Server side coolant circuit $ facility water circuit
80 S 28 C °

Q08 B SColoowol

o . . .

3 architecture oo leak protection, water chemistry control,
. C 2] C

maintenance 320000 %qu@zd]oown



Dry Cooler m_ Chiller w050l
3&?6{3@9(\)@ 326§ [(_B%S]oooou
Dry Cooler = Compressor w0lo3 ambient air 1s water

Poe] esreooo heat rejection equipment
@@(ﬂoooou

HOT WATER

v

I
FINNED COIL |

T T T T

FAN FAN FAN

' ' ' L » AMBIENT AIR
Water cOm heat o

Vgater Coilcé Ambient Air
evleovalitileplen]l

N C 00 C
323 G@DCO: compressor QC\?? ol




Solar Power ;sg Liqcuid Cooling System cr‘.:) GJ'ESC\% 2000087

o C ”' C O C
F20Q$6MNCs6MNCs culCiugulodwn
o c Lo : C
3909300@0 Dry Cooler + CDU Pumps oo Chiller compressor comm
. ° coc¢C C . . C
electrical load ?&?8&@0‘\)3’30’)0‘) SoIarg\? integration Q00§02
o) C L ° (@) ° L

(BC\gug(ﬂoooon
SOLAR PV
|
v
PV INVERTER
|
|
I |
| |
v v
DATA CENTER BESS
|
|
I |
v v
GPU RACK cDU
| |
| |
I
v
DRY COOLER

\4



Wind turbines spin near our Eemshaven, Netherlands, data center.



Several of our critical generators and exhaust
stacks sit in the foreground of our Midlothian,
Texas, data centers in Ellis County.



An overhead view of one of our cooling plants in Hamina, where seawater from the Gulf of
Finland entirely cools the data center there.



Wildflowers bloom around cooling towers at our Council Bluffs, lowa, data center.



Our Council Bluffs, lowa, data center makes the best out of every inch, so you can
use services like Search and YouTube in the most efficient way possible.



These heat exchangers play a critical part in keeping our Eemshaven, Netherlands, data center
cool.



Air-Cooled Chiller / Water Cooled Chiller / VRV-VRF 0200 Emergency City Power
ShutdownﬁB@ocQ:a? ? G :Jooo Solar + Inverter c §C :Jom Batggry:oln\éert(gr @5
G@’JC SCOloOWII ooeoao Solar Panel m Chiller s% AC |nput oo 02N ooBco
emo Jlll Chiller 61 compressor fan, pump QP:e startlng/current quctuatlon 00

ooﬂs :8E600 Grid- forming / Hybrid PCS-Inverter + BESS oo@oooo oo) ooc? Solar VFD system
C\)sfac)(ﬂoooon



Our Dublin, Ireland, data center features murals by local illustrator and artist Fuchsia MacAree.






A gCUB is a modular global central utilities
building for a Google-designed data center, and
it contains our data center’s cooling
infrastructure. These cooling pipes travel from
our gCUB to two of our data center buildings in
New Albany in Central Ohio.



A peek inside one of our New Albany data center
buildings in Central Ohio shows server aisles that hold
many racks and trays.



This is one of many server aisles and coolant distribution units at our
New Albany data center campus in Central Ohio, as seen from
another perspective.






These electrical cables are responsible for supplying backup
power from our generators to our data centers in the event
we ever lose power at our New Albany, Ohio, campus.



These modular cooling plants with the cooling towers on top
are part of our global central utilities building, which is the
cooling infrastructure for our New Albany data center campus
in Central Ohio. In the slim chance of a fire, the red doors alert
the fire department to the area where they can find and
control the sprinklers.



We've added red, yellow, and blue colors to the transformers in our Dublin, Ireland, data
center.



O C cCO C O
Solar Panel m Chiller f o?msl]mqloocx?

oef Grld-Tled Solar 1s wqoli

O

elaomos?

pOe—
PV 9 Solar Inverter - Chlller
(o] ocC .
ao[«j q°q Grld -Tie inverter oo [‘j Emergency 323|692 Chiller
00 run C\)OC\) 0Ol
¢
396@00 OO—
*Cloud @050093@53
(0}
*PV output fluctuation
*Compressor loading change
*Fan motor starting
*Pump starting
°Inverter overload
°VoI u] ncy instability
Q)&CC\)()
PV d|rect dr|ve refrigeration system Oo lavlabale ok oo research
~lepl~plab) PV quctuatlon G@’)C compressor startup
@GB”B’)C@EE Cs Qoeoooo shutdown @@&cooom

G(SO 00050 oon Varlable speed compressor ﬁs MPPT control
oD oooceooo(ﬂoooou



3’3600’.)688{)8 architecture oo—
SOLAR PV

\4

!
MPPT / PV Inverter |
|

\4

HYBRID PCS /
GRID-FORMING
INVERTER

v v
BESS EMERGENCY MDB
Battery Bank |
v
CHILLER

v v \
Compressor CHW Pumps
Pump




Thermal Runwary



0
Thermal Runaway 00

(B
"5

CeII o> Cell\l% Cell ?
ngs*aom 0NN 82600

C C
G)S’BG QEG?OOC CD('DC\)’)% 23008 G’D GCQ{P Heple:

 Hydrogen (H,)

e Carbon Monoxide (CO)

. Hydrogen FIuorlde (HF) (LiPFs electrolyte olean Battery QP09 ng
e |e: & GC\)’JCC\)OOGOO’) Hydrocarbon Vapors

ep} (SIOC&CGOO’)G C Battery Room Ventilation &C Fire Protection 00

Q)‘?(DO’.)(T{I 3@C C\)OG]_? S’BGG]_ 0(5]:1)8"

C o C (2]

Battery Cell 0O0QVE 320 Oér.(r\)mo[gg
C
C



Solar PV + L|th|um Battery/ BESS 60260 %Qg%%quﬁgor} Fire Safety SBG@)C 20l
3’361C80° DM ooc»aoo e@sq C—

C N .
000307 chemical

Thermal Runaway ooo') Battery ooom° VQ0|Ys cr?zugogl 3'a| p
reaction m 0015 20§ e3NC aoooooooooo oo 3’36 3’36%@ Ol OOOOII
C;]G@’)C e°m 063 [§e°mmq é)spoo C\Poe (;]II Battery cell
39000 2] Thermal Runaway s0m 0G$&C|Ys $G:60¢ E re -ignition)

@@&CO U)OOII






Batteries Thermal runway



Lithium-ion BESS @ Thermal Runaway @50:)395] Firefighter PPE ;s Firefighting Tactics
crcé oooe% Electrical Fire :POQUI{JB Qésmsqﬂmwcll 390(&800@(? toxic/flammable off-gas,
explosion/deflagration, high temperature, energized/stranded energy, re-ignition clenlep
wgmga%epcﬁeogd]u NFPA 855 §1°Firefighting Considerations QJ;OC\)&SS ESS 390805
thermal runaway, deflagration, fire detection/suppression/smoke exhaust %firefighter
response Of% 390<I?z®éz®ozooozof]or)05u
emcrgo']saaucrgeogun e ¢oé 5000003 Fire Service / Hazmat Team 3200
Incident Response Framewor:%og[?’s eecgmuéooosalalm Battery Container o?)ogﬁs

O C O0CO fOoC C C "]
mODO)CQS[SQSSIf 000000l
L L L

~




1. Turnout Gear aomo:xnm‘-’

C 2 C C
Turnout Gear &)U)’J 6 OOO)OO@’)SOU)O(\) 3’3(|{I 036000 MI eslegoi;c
o °C 2] C o4 °

@Bﬂo?&éﬂ)wﬁﬂ’) o acsomwcr.t) OO’)(TgQ')GO {200 0 eoooooooo?

@(D(S]U)OOII



SCBA agornooo&?

SCBA SeIf-Contamed Breathlng Apparatus
0. COoC . C

aomooooo uooo? o'.“cemm ee"loo mwoocoowcsooémooo
cl oc o crcN® ¢
Compressed Air Cylinder adm cooMm mwmqﬁcme [ @@(S]oowll

/

[



SCBA m 3200:0EE3 goo']o:woll Li-ion ESS fire eltoxm gas concentratlon é%é@
research- based flre -service guidance 00 size-up 009Cc0mC full structural PPE +
SCBA oooaocqc? 39@@[00’) :0lon QI



o

39000000%99 @quo Helmet + Turnout Gear + SCBA 0n BESS fire response drill
cleals 39:)08[9[00 typical firefighter PPE configuration @ Olooodi eoe’.) Kaohsiung
energy storage fire drill & f|ref|ghters cleplep full turnout gear SCBA s hose line

33:)0 [9[9@[9 thermal imaging ? battery temperature 02 Gmc@@a(ﬂmwu



Solar PV Panel eoeméﬁéf) 33@613@ 303 Saeuoooo Panel m
oemoce‘lsa)esfaqﬁsmcmés e‘feelzocc}]efa)esl DC voltage oooosce & @ Olonudi
«“ o ) C c O
é]e@)c AC main breaker OFF QROMES PV panel clep C\) O dead @o)ooozcnwa?o

eooaoelo I -

NFPA 61 C\)oos] framework 3361 PV flre safety oo 3280033 @C NFPA 70 (NEC), Article 690 —
Solar Photovoltaic Systems q? ooooaocep flre/emergency response standards cleplep

oog? emocﬂoown NFPA 70 61690 12 Rapld Shutdown el&l)qwqjmmmg flreflghters
GOO:B’BOOOO PV electrical shock hazard 03 ) GAOP]|Q, @ ©0lo I









CO, / FM-200 / Novec Q)%lg 83@53@(\»3?
[ C O o L

3323 3200:2005000:0l

co; / Clean Agent

Qs eooooooo O3 &C(S]OOOOII

:ﬂeoeoo—
Battery ceII m :ramafaemom eeafaoeo)scslc Thermal Runaway ™ eelooo‘ls.sco']u
NFPA research mm@ CO, / inert gas / smotherlng oooo flaming 00 supprgss
C\)o&ceoo’)cn ; ceII 00 cool emo&cqc Thermal Runaway propagatlon o8
QOO’J°&CG@)C° s OO’J (ﬂoooou
:ﬂe@)c "FM-200 oooooo,@ Battery Fire POYOD m@ésao safe @3[«?’" Q

o >
@ooaoooco I
BESS Fire Protectlon 00—

Detection + Coolmg/Suppression + Ventilation + Gas Detection + Explosion Protection +

Fir Compartmentatlon
(0o System or)Q)ac\) g]s Design c\)oeld]ooooll



O cftC N C
QM 39 WYQOCc00D G’)U)GCGO) QMM D ADNS?

oomgco o0 WOII 39(.\)$3’3661 @%ﬁmwu
o L o

Thermal Runaway 330853 Electrolyte decomposition @ngr:)s*aé]—
Hydrogen (H)

Carbon monoxide (CO)

Carbon dioxide (CO,)

Hydrocarbons / volatile organic compounds

Hydrogen fluoride (HF
®oo gases/vapors clep ODG()ngC(S]OOOOII

3200: :D@C flammable gases + toxic gases &@em Q)C\) OO ®8 3@ 61(3]0)00" UL
954OA Iarge scale testlng OOC\) 53 Thermal Runaway @’) vented gases § fire
behavior o? o?cooooweooooo 05



Air Conditioner or? Solar @5 e ézean 3’353:}335(5 orrgeaéso)fﬁq_pwgf: TMS cx%sa&
36203073 (5-15 kWh Battery)
*Battery Cabinet 390863 Temperature Sensor

*BMS
*\/entilation Fan
C C C C .
'GC\)OC/GC\)O(O)OO G(Y)’Jng?Gooo Cabinet
C OC ° oO C C o C o (@) C
3’29:?033({6“? 30°C GS’B’)OOOO’)O&LCC\J‘)JC C\?Gcooooeooo 396[539&?&{[30 ﬂoo&)u

320005073 (20-100 kWh Battery)
*Temperature Sensor QPs

*BMS
*Forced Air Cooling

°Bgtte£y Room Ventilation
«033200l0n Dedicated Air Conditioner

33@30‘)3 (>100 kWh Battery Energy Storage System)
. A . (®] C . . . ey .
*Liquid Cooling V00D Precision Air Conditioning
*Fire Detection

*Gas Detection

*Emergency Ventilation

*Fire Suppression System

*Continuous Monitoring (SCADA/BMS)



C C C
Battery 320000 DCEOPE60D

Temperature
Battery Temperature 396@39&?
15-30°C 326070C2808
L
CoOC
30-35°C QOMI&C
. O COoC
35-45°C Cooling QVI0&C
. ocC
45-55°C Battery Life GAQPMYSC
co
>60°C 32808

°ONn

Cefg g

—2n0O

>80°C Thermal Runaway @og






Sodium-Iron Battery” atcéoooope C\)(TS(G)] Battery Research & chemistry 00034({)”80’3 5509

C__C N c N C . . L
q&)gg?oog standard name e(ffoo(ﬂorlgou sfaqposfaoo@g Sodlun.Hon b?ttery (SIB\) q,
cathode m Iron (Fe)-based phosphate / pyrophosphate material 32008|9|C02¢0)
battery 3093 3(3&()?(3]()005" wogzo%ogocgmmepemézor} material 0OO3(0
NasFes(PO.),P,0; (NFPP) @ogcﬂoougu

o

LiFePO, . .

— Lithium-ion 0006800C = Li*

Sodium-Iron Phospchate .

— Sodium-ion Q000G6800C = Na*

32800 Lithium o% Sodium ?Pos'amsogsooos[g& @5@3 cathode framework
OC\)QJJJ Iron + Phosphate o% %a?z@lman






BESS (Battery Energy Storage System) oo q q "Battery Bank” e, @ooaooocd]oo s Modern
Data Center 390000 BESS aoooo Battery + BMS + PCS + EMS + Protectlon + HVAC + Fire/Gas
Detection + Monltormg + SW|tchgear (DO) subsystem clep) G(S]C 200000 oo Intelligent Energy
Storage Plant OOQ)@(;]II U.S. DOE 61 BESS archltecture éf)(\)@ Cell - I\/Iodule — Pack/Rack =
BMS - PCS/Inverter - Transformer/Grid 3200 39300300(90)@ 20030100 0O









BESS (Battery Ener Storage System) aoooo Solar Power System &0 Battery Bank
00 OOO)C\) oo&) 332 0349000030 Battery + BMS + PCS/Inverter + EMS + Protection
+ ThermaI Management iy F|re Safety o)oo 39@0)5}900 Gogcoo G(S]C 03000’3 [3
C\J')JO®®®@ 39000 :Joecv)m o:zooeool c@dC p&l MO oea?acoooo
Energy Storage System ooo)amo 02 6300l

S’BC\DOOG@’J G]_C— c

Battery Bank = cmooesao ::36(\7)50361‘,

0 L cl c oc¢ C
BESS = Battery Bank o;) rpk agcs/saoso?ool ('7.7)(')800I mfsq_llo@s
Solar/Grid/Load ;soq.looaomceosor} System ooog?c?

o



BESS = Battery Energy Storage System [955'@3 b§mc888 ¢ ”ooogooselgé
C C C _CO.0 cfe. 0 ¢ chéel ¢ ¢ ° C,
QVOOOVZCM DEANC|Qs mmomgsaqlfmc B‘fmeooooeosem 0$0
L L 1 L, 2 Q

o L
®0lon0SI BESS 00 Battery oooCJC\Bgooezeoooooo Battery + BMS + PCS/Inverter + EMS
+ Cooling + Protection + Fire Safety + Control}Communication or(§o G()r]égé)((;OO’JSU:)
complete system @GC)(S]OOOSH



Sodium-lon Battery — LFP Q]psfaeels Bs ok @lémcﬁ
C\)ogéﬁ 2026 399 Sodium-ion o Laboratory technology oooeueogeoo?or\) commercial
product 33@0 omésaa?s@lef(ﬂ&u
0D CATL 0o Naxtra Sodium-lon ) mass-production technology 32 o
C
000 00m:(Qz 175 Wh/k 3200 LO@° 10,000 cycles e 300D specification &3
L _C(iC "J° "¢ g G519 Y y NP N2 P [
ogoo 00220100 VI
032|gyC CATL 0 2026 June &2 TENER Sodium BESS 0% commercial-scale energy
storage 330805 S0530050c0:0lonAdI

0 o C ocC C
3266313 Ilcs:s'a'.)tszzooc mmc— mca;as?cs performance on LFP com
magfemocsg s [@o0lonudi chalestek Sodium-ion generation cleales -40°C
GONC capacity 90% O%?,O’{ICC: 08$20093g50 0O
Io C L
206200 —

L . cCOoC c
Energy density oo LFP com fgefemso']oowll
IEA §,2026 data 32q—
*Sodium-ion = up to ~175 Wh/kg
*LFP = up to ~205 Wh/kg
*NMC - up to ~265 Wh/kg o
3le C Data Center BESS O stationary application oo Sodium-ion o

Q°C C C, t] C : - C col02:030)

32009000 CEAROEPEOINCI0I00WII Weight/volume o EV ccoom 3966109@00300 I




LTO — 3’3&)(75396]é&38 Lithium Battery ooogef”s
3loncond: 3836 L°[<'_B°o o 1oN)]
¢ S NERSE
LTO = Litchium Titanate .
LFP co0n Energy Density $POsC0EW—
. C C
*Cycle life ?903?%@ .
*Charge/Discharge 39(\@%@33
Internal resistance $p08
*Thermal stability GOMES
*High C-rate operation CcOMCs
. C C C C
*Frequent charge/discharge 3200M 320Q$30C60
2026 comparative research 00902 LTO 00 coulombic efficiency >99.5%q\'s
internal resistance 3200600 C@5@° exceptional cycling stability OG@O&O
pal resistance 203300p0(Ge( qlelogoe:
G0 § 00230100 VAII
slelopc—

Frequency regulation / UPS / Data Center / High-cycle BESS

)

o)

l®]



Solld State Battery
oec? Li-ion/LFP e’J liquid electrolyte

39:)0 @lG:D’JC\) Solid-State Battery & solid
eIectronte 3900%[6]00()0"

390‘.“[ G(T.?J G GU)OO—

**Higher Energy Den5|ty

*Better Safety
*Potentially Longer Life
°Higher Voltage

um-rpetal Anode possibility**
0loo VIl

Sodi(ym -lon c . o
c§7Cs0gpien Data Center BESS 3aoooo LFP qozaem@lcoo @acm&L, SlonoSi
33%800%3

Safety + Low cast + Lang life + ﬁesoqrce availability
0 O3 ®’_> eoo C 39C\)<?GOO’)C 30 oooon

CATL ogu)oocm 55 Sodium-ion (')O grid/storage infrastructure 390000 commercial
scale 0 Ggec?[g @Lﬂoooou






Data Center Design & PUE =1.40 C\Ciwooom 3’3(\8%3’36613@80\) Design Basis O’)OS?L;]II cr)
IT Equipment o 1.00 kW a?sefor}za:ﬂf Data Center oocg?c?sm cﬂgsgj 1.40 kW 036500

o

1. PUE ac?oooooocﬁ?

PUE = Power Usage Effectiveness

PUE=IT Equip\ment PowerTotal Data \Center Facility Power
Data Center GLTotaI Facility Power 00—

*  Server/IT Equipment
. UPS losses
*  Cooling / Chiller / CRAH

. Pumps

*  Cooling Towers
. Fans

* Lighting

e  BMS/ Controls

. Electrical distribution losses
*  3|9ps supporting systems
clen) Olocolonddi

2. PUE = 1.40 a§ooo muSc%saSg']céc\‘:?

0062 IT Load = 1 MW 530181
PUE = 1.40 [46qC—
Total Facility Power=1.0MWx1.40=1.40MW



Total Facility Power
IT Load =

1,000 kW
PUE = 1.40

0] C
el
Tot aC|I|ty Power=PUEXIT Load 1 40><1 000 =1,400 kW
3le C Data Center Full Load 392{@@’3—

IT=1,000 kW
Facility overhead = 400 kW
Total = 1,400 kW

@C "] C
]elleplew]]



Cooling Load kw

IT EQuipment Heat 1,000
UPS/Electrical Losses 40
Lighting 25
People 15
Envelope/Fresh Air 20

Safety Margin 100
Design Cooling Load 1,200 kW

ACMV / Chiller Load Calculation
. o N\ cC C _¢C C C o C C "] C
Data Center &2 IT equipment D80 CQ|OOOQLEIICIVYPIDND GFIOVSILD heat 39@0)6@’)0808’)80 OD VI

1k Tzcl kWheat . .
sle C IT heat load =1,000 kW @@(ﬂoooon

c o : .
083039 C UPS losses, lighting, people, electrical equipment ®O’:) heat load Gorg%)]d]mcﬁn

Preliminary Cooling Load
Cooling load = 1,200 kW
Cooli@)tons: TR=3.517kW TR=3.5171,200 341 TR

(o] C . (] .. . C ocC C
eolc C ~350 TR cooling plant 28 preliminary basis %@@%%C&mwll



Chiller Plant eclecition . _ .
Data Center olepicrleplen N+1 redundancy 39@@[(3]0)()0"
PO —

Option A

3 x 200 TR Water-Cooled Chiller
CHILLER PLANT

| Chiller #1 | 200 TR
| |
. |
| Chiller #2 | 200 TR
| |
| |
| Chiller #3 | 200 TR
| |
N + 1

Normal operation:

2x200TR=400TR vcailablec
One chiller standby d0looodi

. 0] C C
3lon 350 TR design load 28 redundancy 3%?% ~Yoppler{~1enple}:
COC C °
cover Qog:cﬂoooon



Chiller Electrical Power o
Water-cooled high-efficiency chiller 28 preliminary—

COP=5.5 .

o?ul?(ﬂeoou

Cooling = 1,200 kW
Pchiller=5.51,200 =218 kW

ChiICIer compressor = 218 kW
000GLIC:—

3le(03p€ PUE 1.40 6,400 kW non-IT allowance o3¢ ACMV ~300 kW 0§z03)¢0¢8E0lonud

Equipment Approx. Power
Chiller Compressor 218 kW

CHW Pumps 25 kw
Condenser Pumps 20 kw

Cooling Tower Fans 15 kW

CRAH Fans 25 kW

Total ACMV 303 kW



PUE Improvement
op) eooooo tial PUE = 1.40
oﬁ qml ia 40

Solar oooooooo PUE 093 o% €00 GC\J)LPoooemood]oo I
PUE Gcgj?qlca—

e High COP Chiller

e Variable Primary Flow

* VFD CHW Pump

 VFD Condenser Pump

* VFD Cooling Tower Fan

e EC/Variable-speed CRAH

* Hot Aisle Containment

* Cold Aisle Containment

* Higher chilled-water temperature where allowable
* BMS optimization

* Free cooling / dry cooler where climate permits
* Liquid cooling for high-density Al racks

30>e<1,000 1,300 kW
Facmty Power 100 kW ac? clev/pieb sl :0lon LS

6905200 AI Data Center 6w liquid cooling / high-temperature cooling 3903 QI@C oo PUE GC\J)PSEI%
32643 [r__q ooc?laj HaQWIA m@@@@m’)(ﬂoooon

\



Modern Data Center ¥> Thermal Energy Storage (TES) / Chilled-Water Storage Tank
N 1 C C u C C C (o)
M 326 z(ﬂoro) technology ooo)?or]u :ﬂeoeog joeowso (kWh) m

o _CO
02 M3 8
L L

Cw O _° c | . Q .
SEQUPRELINO$O D $IICOPI§C e?c?(glofl)oll 3200 Cooling

° L
Load o3 33|$¢9 &s (Load Shifting), Peak Power G(\}J’)EES, Backup/Resilience
C '] L ¢ °J 0 © C o)
0 0looOI ASHRAE c? U.S. DOE 000 Data Center c0232000D TES o0
C C C ° - 0 C C C O C L
361&?81w6l|m6033308m 390?8 ﬁce C3 GUWD|QO0D30I0N VI



Bl-Directional Meter



On-Grid Solar System mes M3u503¢Ea3:(Gs 9cJ|o3 Solar Power o3 National Grid o5 [453[8: eepss
o (9]
)

C o C L ¢ LA . L
meter 000303303&32?? ememmoﬁu Bidirectional / Import—-Export Energy Meter (Smart Meter o2
C CcC O °C 9] C C C ocC C
QOSSOSO POEIVIEC 3Z2VIT2300Y F26 0DV CICOCEYD 6O &0l
L IL IL L i (o] Ool



Ié’:ldlrectlonal Smart Meter/ Import—Export Met eter = . .
3 Meter o0 C\J?Joomo) 330Cs0 Direction éoem o8 g[gz 0D Cs0D0I00VAIN

pOed— ;
Solar PV = 100 kW

mldmg Load = 60 kW < ~coo
o)elcloo 60 =40 kWoo Grid 0o @e?o& Eolonadi

Lol

C C (0] ’] C
Power Flow Meter 0000065 36QIw
. C o N C C
Grid - Building Import kWh Grid 06§ 000:0) Y VOV
o C O o N\
Solar - Building Self-consumption MVO0ICA30) Solar
. . N\ ¢ C N
Solar > Grid Export kWh Grid 0o @?GGPCSO? Solar
Grid - Battery Import/Charge Grid oDG¢ Battery charge

. (®]
Battery - Building/Grid Export/Discharge Battery m&¢ Load/Grid 03






Thank you for your Attention
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