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New Technology  High-efficiency ConventionabH or Chiller Chiller Plants with
All-Variable Speed Optimized  Code Based Plants Correctable Design or
Chiller Plants Chiller Plants  Chiller Plants Operational Problems

EXCELLENT
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AVERAGE ANNUAL CHILLER PLANT EFFICIENCY IN KW/TON (C.O.P.)
(Input energy includes chillers, condenser pumps and tower fans)

Based on electrically driven centrifugal chiller plants in comfort conditioning
applications with 42F (5.6C) nominal chilled water supply temperature and open
cooling towers sized for 85F (29.4C) maximum entering denser viater temperature.
Local Climate adjustment for North American climates is ++ 0.05 kWfon

W2~ %R ASHRAE ¢4 7 & 28 /k-ki8 5 At sk e M (AW [1]

1. 3 W ASHRAE B 4-& R¢ & 28 L3l 2% E B
2 WA K Z A€ 2016 & 2 £ 37« ASHRAE Standard 90.1[2] > = # 2 #



64311 &R RAH AR P FRIATHRA  F AR ERREE
BlRZ > BRIACR A B2 T4 48 hoeF kg A F I kK iR
RRE RV AH FR 2 e E X E ROk SRRSO B AR F IR ik dfe

2. Frbesk? A RN PR L FR
Friedl p 2IR U T L TR ki oty E A fi"*‘ R ER SN A
# ¥ B 2£ 3% & (Building & Construction Authority)*>* 2013 # 4= » A % A% F
GreenMark ¥ & g sme & 23 Tkl kst 2x[3).[4] REE N LR ES
Building Control Act » #-%2Z A FH 2 52 48 K> 2m n 4|8 &9 & 58 %
KLge AL o ? B F gLy 70T 298
(1). %2 HAHEF Green Mark 3z 41+ :
%3 5 4] 1 6] & £>2000m? 2 F7E [H 2 [ruaz iz Ao 1 2 >B000mP 4 7 ¢ & 5
AL TG EHA 0 7 & Green Mark 32 % dbh Mo ik 2 &
SRR
(2). ¥ZHHFEF GreenMark & L ERI¥ & TR KR I SN0 X RBP & BTN

VRS S

3TIE .

Aricil BaE AR Green Mark Ffdpihe 2 0509 £ 23 Y REF T
HERZIERF - ERETYBERFATEF BT ANERY LA
KRk S 2R R AT Y L Z A RR] St liciE R R oo

Q). - XERLAARIPNREP

KFrEzd ks ¥ r(l).,zs%g:ﬁw;%i Green Mark 35 4]t | @ & B~
GEARF 2 AL A2 - I RAFLERFUEY L 2R KR AR

HPERE o e AT B ER R Y F- 2P L AR S oy 0 T F R

2015~2017 & Green Mark ~+ fgzix > ",f AFar? L 7 AKR kT
BlEBEL R R F R P A 2T F RS T TP L gy
28 e g IR(KWIRT) § s g Atk o T & 1 #4437 GreenMark # 2 3 /&
Pk AR A iR A R o 1S R A Bl AT Green Mark $7 4 Z

SIECR R S S (0 O TRV

o



% 1~ Green Mark ¥ & 2 3 it %2 RFEGR

# 24 i FEpE
KRBl E SR s | oRORE ZEERFEANRRT) VR ORI 20k
(KWIRT) R~ A Ak gaEs (kW) o 4pp 7 741k

ZFRARE | kKB LB RS E L fHRT) ) T E SR RE (0E
s (KWIRT) | 4~} 21k § %) 8405 (KW) » 40%% 7 43 1%

}:,:“..31;;?1’{ ok }\/m%.l’?f:“a;‘l‘-%/» /%“J"'F(RT) )J‘%/J\J\ ’}5‘&* A
(KW/RT) RS A ETREE SRR (SR AR E %4)‘.@%&:4
(KW) » tpr 7 #dp 1%

vIATiE 2R L GogEiE AL ¥ % 20 Green Mark 2015 3 e 3t 2017 & 25 0 H
=53

Bk w’ﬁ WA ki E e F A e Tk

% 2~ Green Mark 2015 & 5% ¢ & 2 {4 it 22§ gk [5]

¥ s g “
ElEs e Al £ kil,k 32 > 4% KW/RT | 2 4% KW/RT
g % (% & k) ) )
T . -
, el 08 B>t 1.08 KW/RT
ik A% 25 0.75 - ’
’ & 1% 0.2 A

<500 RT s+ 0.7 0.95 L

, B F5 A
v &% 0.68 0.93
L5 0.7 -

BT ey 568 — i3+ 0.98 KW/RT
>500 : ' & 1% 0.2 A >
- £ +% . . .

v &% 0.65 0.9

2017 &4z » AT4e R fp o 4 F R G 2L DEE A o Green Mark 2017
3 i%%(?%@%%?*@)*iﬁﬁ ;,_sp B & KAy 7 I’F,"EE’_

WG OFANEE @A heT A 345 [6]

» v1 KW/RT 3 44

% 3~ Green Mark 2017 &3¢ & % g Btk [6]
Green Mark 2017 & 4 QPRI sr b s = W
SO U N o W kW/RT i ‘E(J f:F, i}k;\/)/RT kW/RT
& L (= & 35 P HEHR) i (# 2 3 %)
LA .3":.. TN 0.85 B>+ 0.85 KW/RT | i+ 0.28

s &5 0.75 % 1% 0.6 A~ > KW/RT &




ZE<500 | £+% 0.7 BB 12~ 1%1¥ 0.14

RT P& 0.68 EE ¥
%4 s | BB 0.75 A~
A 3 0.75 KW/RT
E{% ’ QQ ﬁ& 07 . ,
oy % 1967 0.6 A -
FE£2500 | &+& 0.68 53 124
RT P & 0.65

ERR NP I = R R B QPR R 8 |

PEERP Y LR E R TR FRLT R A 2017 £
Fede A AP A AR ORR AR ERL T2 20 BEE (5204
S ) IAE S S (o Ry FRo s B AR 2 40
OHERER (- 42 10~12 i r 2 24 ) pEiERE) 2 K Bk Rk sLa o (KW/RT)
BBl a A SRR RN ARG ERPTYEAGERLI VT o A
Bfpd HTER PR

Lokl A Sei s B 4Em © AFTg 20 Aok d %4 ¢ L AR KWRT 95
0.73~2.17 KW/RT 2. ¥ » T 3518 % 1.2 KW/RT o

2. BF KW/RT A # $5 1 — 33 st 4 3(& @ * silici)pF > KW/RT
AT RE R f (R T )P KW/RT A g T i o Ao 2
S R RRF R L PACR R H & KWIRT L = 7 0 38 %
RN OER 3 F IR T r I I N R (e
i@ % epgcit)ié r 2 KW/RT ‘e g f 4% % prieis (kW2 +) -

KWRT  KWRT(EOBOAIE - F191.04) KWIRT KW/RT (31023 - T150.83)
6 6

5

4

3

2
1

Jﬁmll
|
0 0

0 200 400 600 800 1200 1400 1600 RT 0 200 400 600 800 1000 1200 1400 1600 1800 RT

W2~ 5 3 RBIFRON(2)E 2B LR 6I(F)KWRT & s # L R



3. A R AGIARIRT > 2B A I COP ¥ 2k i) % 5t KW/RT B% 2 B Mg ¥
4 W3 -WMABIEET > L F L COP it » KW/RT % L@ i o 4= 5% »
MOp (M) E R T A L P KWIRT 2 £ & 5% 2

H

KWWIRT kW/RT (LOA#Z - F151.19) KWIRT kKW/RT(OOBIRE A - F191.06)
6
55
5
45
: ig 35 EHCOP 6.75
35 -l
22 -0
2 e
15 -
— 05
0 100 200 300 400 500 600 700 RT 0 0 100 200 300 400 500 600 700 RT
CWRT KW/RT (3rO%0 - T190.83) CWRT KWRT(EOOO¥ K18 « F150.84
6 ; ;
55
5
45 ! | |
ss || df - FHCOP5.42
3
25 ! I I |
2
15 t . t !
1
05 i :
0

0

0
200 400 600 800 1000 1200 1400 1600 1800 RT 0 100 200 300 400 500 600 700 RT

W3 A% 4%06]7 87 18458 2 COP 25 4 38 KW/RT 2 M4t ¥4

KW/RT KW/RT(OE I - F140.95) KWIRT KW/RT (OO OBIE - 490.73)
6 6 .
5.5 55
5 5
4.5 45
4 . FH COP4.8~5.07 sy F-EH COP4.95
35 35 —pp
3 3
25 25 e -
2 2 a0l e
15 15
1 e 1Y 1
0.5 1 05 e e
0
0 50 100 150 200 250 300 ’ 0 200 400 600 800 1000
RT RT

e
+

N
N

T

W4 ®%2%6]7 87185 T COP 2R E %3 KW/RT 2 M4EF 4

FFGAR EHF AR SRAYERTLEGRP P KWRT 2§
EMA T 0 AT RRER B61E T KWRT B2 86 0 e 82 P Fidy
BRF G EEF =AY EH KWRT 2 458

5. X3P L ZAARERLEFIREEF NIV A TR ZABRIR )AL



EERAF KR RFEAR hRMET & L E BEREREALS AR
PHER A ERAFF(RF)LEAZFEr K2 B R EEARRIER -
BAEERIBAHE I B RBBLR 3 L RERALFRE R EAY
AIfPOKAE > BE F AT R o

VISR H S IR e k)

Rppagtadd bz AR B o Bl 2R 24 8R40 27
o A E HETETA L TR R RE A BAcR o R FAN ARG wLT
deie 5 F]t ’“ffé’%ﬁﬁlll\ Bt AFE T AR A AT L AR
© & GreenMark & Rz & £ 2 A REF G 4R 0 A0 0 fRskOk kR IRER
P v A HURBRR (PR AR B MO L S kKR L
K2 B 2 ¢ WM KRSk AT B SR E SR ST

B¢

ASHRAE Green Guide [8] v j& 1 % it 723k 3 » 3%4p sl - ook 5 3 £33 0%
Fendg P fRdrd 4> BT E P FTEHRL Bk e & BBALHE &5 B

G
44~ B oS RPTH SN D [9]
o £ 2 KW/RT | % > KW/RT i %
KWKWR) | (KWKWR) | (#284) | #awol
} 0.62 0.485 0.135 )
= (0.1763) (0.1379) (0.0384) 22%
— 0.045 0.012 0.033
YA 0,
FATka (0.0128) (0.0032) (0.0094) 73%
. 0.0589 0.022 0.0369 )
ok & (0.0167) (0.0063) (0.0104) 63%
. 0.0765 0.026 0.0505 )
A (0.0218) (0.0074) (0.0144) 66%
. 0.8004 0.545 0.2554 )
ok Rl (0.2276) (0.155) (0.0726) 32%
PR SNL R K A e HT(RT)T eofs B (W) kok a0 £
FETRA CHRRF IR B EE R R > BB HE - KA T R

AT AROR KRB B T 2 A B M35 FRETRI N F S B el i 7R
TR oF S PR TMELFFL S RE A FFRLIP I P F RS2



R R NG ST LS R T AR SR L SR f e

® Kt A isay EHER
® 7 ek

JRE A LI ICE D
® BEALBRIL | il

O | EBCHAT R T TR

K ZR ARTREZAID | PHBONEFT2EEY BN [ {4
o EGA A F IR TR SR RER R Rk PR
FEEALME P FERE -

Bokokagse IR ARE (S 0 B &R R R RR] R AFBR A
(% FrK g ~ B AR R R RORR)Z RS 0 R AR TR R g oond s s
S F 63~T3% i i TR B E AR A B BRE BT A
FOUFIRL AN S 5 T7.5% 1 225% > @ A s Pl 90% 1 10% 0 i eE R

Flavk Rl i Ak R R AR AR BT T o R E
RHBEERPM fok 222 Ak > T RHEE L RPAeE 54T ¢
% 5~ Green Guide B»xF s AR RA
i£ = ASHRAE Green Guide NF R Frie - 2K
Bl 2SR

1. &k 1y %E_(<20m)‘“ 3+ 1. & 47 #2(% >40m)3K 3+
2. FRPF - ARIRINERT 2N |2 V- DR IR E)R

£ 3. KR(GEB)EHIF 4~ FF 90 B g
3 ZxHFMIE (% Ly kﬁz&*’ #

£) >~ Mms G 90 & %”s 4. EHEPEF G N e oROR £ R (S S

il Hdee FEMk ,.me 1o2LH - R FERY
AEFRBF A ELARD P REFCRL | R%)

>7°C) 5. zhfg SR
5.4 dr kR REE R BRI~ LB L 6 F & Fan Coil 33 (7 3 k34 R

S ok 2k 2GR £.>7°C) £)

6. " AHU 5 i &3+

\‘

KB R AR T TR (€ H e e 4 )

LR PORREIE R & (4 AR s S AR R AR R ) 0 R RS



st 2 (Ips)/RT X ##2(m)
100 X np X Ny

E&&&ﬁ«@ﬁﬁcﬂgz
RT

2R hpefepud Bl AR RIeS Eamnd o KPR F oA B R F M A
#4 HR(RT)2 ki £ (Ips) 2 47 42(m)  RIEL-K R & 53050 LM 05 %27 o b4 d
57 ZRNw kX BLZOGCHES 5 70K > v iy 40% ki g - 3 "5 %
KERPFAR > 9T &G TO%FE T

FRALS 7 - B CRREEET FI L FRBRFIE kP A A
BgRiE = ¢ x(L/D)xV?%/2g
FERIE =k X p xV2/2g

WY 2ok AR B R EEERAE O R D RIRE R T S S 7
Rim g ol & ane RIS T VS RRER T3 o T AjpR iR T

7 s

RUEIE R F TR LT S o m b s 0 F BRRAE D MO )X R bt g Tt ehT
%3 5 (D2/D1)° 5 &= FAE~ P E et TR ST R DRI TR B J\ﬁﬁﬂw £

o

i

Aok sgd T diw kg X (Lowdelta T) 5 3R % [9] - B Ak R A
TREBEATOFEL - > FEEL SRR RA CEREBE R ZAK
Beiksr2 S e A g A 5o Lowdelta T # 2L F20 H — R ] bldeo A48 f e
TR R BB T R RAE RS E AR AR R
frpied 3 RERIBLIT AT FFE M RAERE X T R A LR
vk pEka s o A Lowdelta T = £ F By 4 3w o

FETTEES &
ALY &R RMAOTEENFP AR LT D e AP AT EE
R N S LT R R R FL ) SR R I ES DN
GEATELFEMAFAEAALLE S S A A AR L R L g
ARRLE SR CE IR L R AL T AL FRAIR - R TRk

0. ¥ 42 -KRARN %R SEPBRERE I BATE N &0 EE



R i R N e w8 S I RAE - Rl T
Piade? L AR AR RYIR L R FEY
Lo FOESATREP P L A R B A o

(2). 13 M A MRS PHFR ZRLPRF  ZARFURF 4
HEAEE ?li%fu@\Eﬂxﬂmgﬁ’nwmﬁﬂJ# PR Rk B o
FR2 ER AN FP e TRRE T ARWA T A F M 2
Ar 2l el THES M TR %s’i’&i)Jﬁ?r#&ﬁsﬁﬁﬁy

(B). HEF 2B~ FRNRFHEFF EE 7 L TR KR RN F R R2LE
BRI BRI T AR REPlse s B RFD LN snlkE ) BN
fods > b A PEHF REAMESAZ EHF A F 2| 2 RP &R
Mﬂ C i i ﬂ&?*#%%%%?’ﬂ%$$ﬁﬂ?%ﬂﬂi’é@ﬁ

HbBrekd Ak RE B EN T2 R R o

2. ERIHEIR

(1), 7 34 ATs e 37727 L TR KRB RS > - BRI 2 AT
SeBLUAEY A KRk i oA B R R A 2 P /TR R
WA~ RERSR NS FRESERHE 37 (88591 ¢ 4 3
Aokl ki R BRI [10] S Rp 22 d A7 B E =2 S35 AT

oz J_E.» e 76\: 'f«jp)’- ’ T' Q%EU ]EIP)‘ I—(:NS 12575 fi%’ﬁ-;\ /7J(’J\%§&E‘J B 1\—1
BRI EF DA PHALL  EHEZREM Y LAk ks

iﬁ,g{: y 1 «flj#g_fh

3. 2B %BELG H

(1). drlB R PR f A TAREB TR
SR UER S NSRS PG TR A N L I
Rk sR BT 2 £ R TR EE e kK
o BT e

(2) SERTPRIR B ARIARPIRE T HHIGH 0 R L R
M s MIEFL s A S P L T kA

-

#
TYRICHR EE 0 EH Y E SNILE 0 TR B AR R



.
-—

SR &

9 g ﬂﬁh‘ﬂ;7 x 70 -'L /f}}‘l ,fi.?fb
Y SRR »Lfrggi%fr,gt_;g%w
Wk Z kR S 2 BRIFL R

AP ITE KR A S o B M S R o A G T S

1% £ 58 Rl ki e g B3 B IA AR Wared @ { BEE AT
FE Rk 2 P Bt LIMMP B ERY o

2. F 2 P A 7 ACKRLE S TR RIS 0 - ER2 2 S BN R EAIR 2
A

3¢ Rk S B BRTFI RS 0 B kY B 2RI kT A

MOKERT KA B EREERET T M %%w*ﬁ$%ﬁa%ﬂ’é
BRI RR B f s A SR Bk 5 R
3

B TR AREE S MR E MR Ml 2R RMPRFZIAK

> . b %, st K= N2
SISV S R 1 I

N %‘L{ 2 )ik

[1]. Thomas Hartman, “All-Variable Speed Centrifugal Chiller Plants”, ASHRAE
Journal, 2001:
https://www.ashrae.org/File%20Library/docLib/eNewsletters/Hartman--0614--
1208201 6feature.pdf

[2]. ASHRAE, "ANSI/ASHRAE/IES Standard 90.1-2016: Energy Standard for
Buildings Except Low-Rise Residential Buildings", 2016

[3]. BCA Code on Environmental Sustainability Measures for Existing Buildings (1st
Edition) :
https://www.bca.gov.sg/EnvSusLegislation/others/Code Env Sus Measures EXxi

t_Building.pdf
[4]. BCA Code on Periodic Energy Audit of Building Cooling System (1st Edition) :

https://www.bca.gov.sa/EnvSusl eqislation/others/Code Periodic Energy Audit
Bldg Cool Sys.pdf



https://www.ashrae.org/File%20Library/docLib/eNewsletters/Hartman--0614--12082016feature.pdf
https://www.ashrae.org/File%20Library/docLib/eNewsletters/Hartman--0614--12082016feature.pdf
https://www.bca.gov.sg/EnvSusLegislation/others/Code_Env_Sus_Measures_Exit_Building.pdf
https://www.bca.gov.sg/EnvSusLegislation/others/Code_Env_Sus_Measures_Exit_Building.pdf
https://www.bca.gov.sg/EnvSusLegislation/others/Code_Periodic_Energy_Audit_Bldg_Cool_Sys.pdf
https://www.bca.gov.sg/EnvSusLegislation/others/Code_Periodic_Energy_Audit_Bldg_Cool_Sys.pdf

[5].

[6].

[7]1.

8.

[a].

GM NRB:2015-BCA Green Mark for Non-Residential Buildings:
https://www.bca.gov.sg/GreenMark/others/Green_Mark NRB 2015 Criteria.pdf
GM ENRB:2017-BCA Green Mark for Existing Non-Residential Buildings:
https://www.bca.gov.sg/GreenMark/others/fGM_ENRB_2017_full_criteria.pdf
BCA Building Energy Benchmarking Report 2016 :

https://www.bca.gov.sa/GreenMark/others/BCA_BEBR_Abridged FA_ 2016.pdf
John M. Swift, Jr., etc. ,“ASHRAE GreenGuide: The Design, Construction, And

Operation Of Sustainable Buildings”, American Society of Heating Refrigerating

and Air-Conditioning Engineers, Inc., 2010

Steven T. Taylor, “Degrading Chilled Water Plant Delta-T: Causes and
Mitigation”, ASHRAE Transactions Vol. 108, 2002: http://www.taylor-
engineering.com/Websites/taylorengineering/articless ASHRAE_Symposium_AC
-02-6-1 Degrading_Delta-T.pdf

[10].Singapore Building and Construction Standards Committee, “SS 591 Singapore

Standard - Code of Practice for Long Tern Measurement of Central Chilled
Water System Energy Efficiency”, 2013


https://www.bca.gov.sg/GreenMark/others/Green_Mark_NRB_2015_Criteria.pdf
https://www.bca.gov.sg/GreenMark/others/GM_ENRB_2017_full_criteria.pdf
https://www.bca.gov.sg/GreenMark/others/BCA_BEBR_Abridged_FA_2016.pdf
http://www.taylor-engineering.com/Websites/taylorengineering/articles/ASHRAE_Symposium_AC-02-6-1_Degrading_Delta-T.pdf
http://www.taylor-engineering.com/Websites/taylorengineering/articles/ASHRAE_Symposium_AC-02-6-1_Degrading_Delta-T.pdf
http://www.taylor-engineering.com/Websites/taylorengineering/articles/ASHRAE_Symposium_AC-02-6-1_Degrading_Delta-T.pdf

