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Optimization Chiller Group Operation by
Simulating and Analyzing with EnergyPlus
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The study targets finding out the most energy-efficient combination between all different types
and capacities of chiller groups through the outcome of analysis which based on the EnergyPlus
simulations, also to set up the operating schedule and group sequence of chillers to produce the
energy optimization outcome. Both grouping chillers under different capacities combination
and setting operation schedule to chillers combination is the key to energy-saving. Comparing
different types of chiller combinations with in the same total RT condition, the consumption results
presenting a difference between each group. Our study result presents possibilities to decrease up to
3.7% annual energy cost comparing the best and the worst performance group by choosing the right
combination of chillers. In addition, an extra 1.1% energy was saved by applying an operational
schedule for chillers in the annual total electricity consumption.
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e Z=ER 888 | RERE | B | EHEE | 805K | ER HE
5% E%fits E%fits E%fis %5 5% E%fis %5
SREREE 5.40 3.78 0.08 0.67 9.12 66.26 0.38 14.32
S E S 32.89 | 13.10 0.34 3.64 3.11 2.90 254 | 41.48
HBERTESE 43.16 | 23.76 9.83 3.30 5.05 3.69 6.47 4.74
BEREREE 23.00 | 10.06 3.02 1.65 4.45 1.94 349 | 52.39
EERENE 48.05 | 19.53 6.23 3.10 5.13 4.42 6.11 7.40
BRI EIEE | 38.68 | 8.11 0.27 6.53 1.19 1.35 2.39 | 41.48
SRR IR 46.03 | 16.05 0.90 13.29 | 3.66 4.27 5.78 10.03
REpEZE 53.98 | 17.05 0.81 8.40 4.68 4.02 7.83 3.23
N =) T
R RERI 46.25 | 14.77 5.66 5.80 3.73 3.04 367 | 17.09
BR¥%%E
IERFEE 52.06 | 15.60 0.78 13.84 | 595 2.21 5.04 4.52
NETBRERS ;
o 4568 | 19.80 3.17 9.91 545 4.72 4.23 6.79
BHIMITERZE
HERFBE 46.49 | 23.84 455 7.78 2.78 417 4.24 6.15
BERERITE
50.35 | 16.72 412 6.10 5.07 3.68 5.80 8.16
THRFEE
] ~ IR AR
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e
EibfRszE 47.36 | 23.60 3.29 3.93 5.29 4.48 7.09 4.96
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3. Kk EH R RT
FEVKZK EREIERERIEAT - B FROMEREMR B NG MY =R
THRELFREL (coefficient of performance, COP) :
BHRER ()
COP (KJ/kJ) = (1)
R i ey A\ 2] (KJ)

REVRZICREL(E (energy efficiency ratio, EER) :

BUSHEST (Brulhr)
EER (Btu/ W- hr) = )
i A\ FELER (W)

BNLHEST (keal/hr)
EER (kcal/ W-hr) = (3)
fiy AFELIER (W)

BT % BRIETH FEZ BB TR (KWIRT) -

Wy AT (kW)
kW/RT = 4)

HNSEETT (USRT)

Hrh o B3t USRT = 3,024 keal/hr = 3.516 kW = 12,000 Btu/hr &35 B 922 88k 14 5 2% i 5
MR ES EHEE ST -

4. FKOKEREREF

RO Z2FR R R koK E RSB R A A E RRVELET - Rok ERC Bire FEEBHEE
HE - ERAHBETRE TR
(1) FEHEET ok EM R AR iR

B RNAR  RER - REAR KA ERRREOR TR HEE - EiiE

ona L 22T BT - HERTE AN BRI KRR E IR BT BB A r - (S2IEHEN 225
friaxaT & - DUEETRERCR
(2) PR ECR 225 £

05 1 AR R B VOK E RS A RE TR R AT 5 2 Z2 AR MUk K ERERETRSCRIEAE - vk
KRR b /D BT R AR HA e T E - B ERUOK B - RE S ERECE - B A
SRR EEF RS —  WECR COP HHE ) BERCR IPLV R EARMEEAIR 2 AR - 0k
IKERE R B EEF BT AE 5 fs - ZEEFREATERR 50%—75% ZH5&
i METTIEE - A R R S EE A ER 50% —75% B BEIIGRIE T - R ERCR
VKRR - KREET R EARERCR -
(3) FIF 2Bk K TR i E i

ZER KoK E BT B AE pIGEEE T - 5 AR AR (R S sk n] BRA — S ok 6 - MR ERES
SR T ER o BRUoKERGEREE - BE Ry 7 e ZE M s S AT U BB BRoR > e
EEHE N ETTEES UL oK EMT HEBZE B RA - JIRETHE A DUINEE — S B NS 2 vk
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£ 1. ARG kR IR RFEED

TR S REEL S REEL
A=k RBfL+=F—HA—H REJLHUFE—H—H

REFUHCKICE  PERERRM | RERUCKELE  PERERH
(EER) kcal/h-W (Cop) (EER) kcal/h-W (Cop)

<150 RT 3.50 4.07 3.83 4.45
HHE > 150 RT

B e 3.60 4.19 421 4.90

. > 500 RT 4.00 4.65 473 5.50

K&

<150 RT 430 5.00 430 5.00
B > 150 RT

Bt S 477 5.55 4.77 5.55

>300 RT 4.77 5.55 5.25 6.10

E=RE 52 B 2.40 2.79 2.40 2.79

F 2. kok EAH WAL E COP 138 4 & |Mak & IPLV RAKAZHEHEO o

LEMIEERY | 25 AR

10Y%
<528 kW 4.45 4.50
BHE > 528 kW
8 0 <1055 kW ol 4.95
> 1055 kW 5.50 5.60
KL=
<528 kW 5.00 5.00
Bl L= > 528 kW
JER e <1055 kW 333 333
<528 kW 6.10 6.10
RIL T TS 2.80 2.80
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s
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o
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(1) IRIZELTE (activity)
1. BEEREBAR L E (activity template) © RIEIEEN AT E BN - FIAIBEE ~ 815 ~ #F0

= A Ay
. EHRES -

2. NEFRIE (occupancy) : T8 % PTG TE BRI 5 6 IR T2 NBE e A
J& R FRF T

3. FTBRACEH (metabolic) © BZEHIRRE MR ARIBIELE » EEIEI R HERZ (AERFE =1 X
MR = 0.85 » HERZE = 0.75 - BEHEHRICEIE) - KR KERNFRRYE0E K
IREMH (XFF=EAKY =1 EFERHEAY =03 LIER=0.8) -

4. IRIEYEH] (environmental control) @ ZZFERERE  HEAGEIRE - RELV/MARE - 1BHA
WE -

B

(2) #5#85%F (construction)
1. SIS RN EY E (construction template) : 55 5 1 AL BH B 1A
2. fifEER IE (construction) : ZMNEE ~ M NEAINEE  SEETE ~ RUETH ~ AREAS - FEEEIME -~ F
WEEE RAEAR ~ SPERER AR - siff ~ HPNERHIAR - BRI - DL B RE R DIER B E AR
FOEN AT B LOZ B E MPEEFIE R H Y - B - (FEVRE - B - BH - RE
JB 1% (BRI RE  KIGHRST (A8 ~ ] ROERURE -~ MRS - BECUS SR EIRCHE) -

(3) &SR E (openings)

1. R ELBHETIEI F (glazing template) ¢ [AFEERERIR SR E B9 ~ SRV L1 2 fEE4RC -

2. B (external windows) : BfFIEIHM B - SRIZEILIE  CEHIIE - ZHH - A RIRHHE
B R 2R EIERE - PR | BRE S S IEIME 2 A E T 2R e B A L
BEHRERIR 28+ S EHE © KPR E R R -

(4) BRBAEZE (lighting)

1. SRR ANRAGER 2 (lighting template) © [RIFE B RS R 45 3% 2 HUREA -

2. — BB (general lighting) © E EERBIEN - AERATE - EIHEHR-E - &
B EH RS AT ROERE - A 7 - IR S B DUN 7 » Suspended

Surface mount * Recessed * Luminous and louvered ceiling » Return-Air ducted °

[« J=]+]
O 00
Eoo]
Suspended Surface mount Recessed
e
oo héﬂ

f
I

Luminous and Return-air ducted

louvered ceiling
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(5) =&REEE (HVAC)

1. SRR E (HVAC template) © Z2FRABR - A& E IR 522 i B K3 HiR
-

2. &M% Al (mechanical ventilation) : AREAN[F]HY3 75 SO FEAN A 2 24 R = -

(D By zone : By A ZE YN @A/ N LS TRV E © (B84 5 ac/h) ° m’/s = ac/h X zone
volume = 3600

@ Min fresh air (per person) : FHfEH{E A T 75 22 09 i (KI5 B E 8 HE AR B oK B AR SE LR -
m’/s = minfreshair X number people/1000 * number people = occupancy density (people/m?) X
zone floor area (m?) * minfreshair 25 A KRR E -

(3 Min fresh air (per area) : m’/s = 1/s-m” X Zone Floor Area / 1000 °

@ Min fresh air (sum per person + per area) : m’/s = (I/s-m” x Zone Floor Area + minfreshair X
number people) / 1000 °

(® Min fresh air (max per person and per area) : m’/s = Maximum of (I/s-m” X zone floor area /
1000) and (minfreshair X number people / 1000)

2. KK ERGERETE

SHET

KK LSRR ELE (chiller template) © [AIEE PR AU E 2258 255% & HAREAR -

. BEREHE )T (reference capacity) : k7K ERERYIZ BRAEST » 1 WH =3.5168 kW °

. MEREFREN (reference COP) @ B E k7K ERERT I REFREL -

ARERE ¢ BB K BRI K AR ~ R el EKRE -

ERE | RERKIE ~ RAIKRE -

. MEREHI#E (performance curve) : UKZK EHERYIERERTAR » T DATEMEREHIAR S RN B vk K 4%
g e DUKRIEANFE TR RERE AR R RISk - AT BRI MEREHAR (performance curve)
= fehR

(1) B EHBE T FEIRE Z B IEfER (cooling capacity function of temperature curve) @ —JT K

T2 R Ry koK HE 7K U S B Al /K B KR B - B B A A TR N 2 koK E 1
R EREEST » TR MRS EE IER TR - H5RE=00=0 (5) - WE 8 F Trane-4,610 kW
IS AR ST H FE R 2 B IR -

AN L AW N

EvapcapFTclg =a+ b]z‘w,l + CZZ‘W,IZ + dTCnnd + eTCond2 +chw,lTCond (5)

(2) k7K EBRTERES EE E Z B IE#EER (electric input to cooling output ratio function of
temperature curve) : _J LK STAER + BEOR B Ry oK HZKERE ELS AR EIKRE - &
B A EIRE T 2 vk EREIERE - T R AV EEE IER Fihiy - E 50K (6)
A1 9 % Trane-4610 kW Z vk 7K EHEMERE ¥ IR B 2 (S TE AR -

EIRFT,

clg =a+ chW,l + CTCW’ZZ + dTCond + eTCond2 +f7;w,lTCond (6)

(3) vk7K EHEMERE T HESS 1> B 2 HEfR (electric input to cooling output ratio function of part
load ratio curve) @ —JT R TAEE » BRI IRIE vk 7K R Al 7K 7K I8 T B B H R

22 FHEFTAN 223 #7 109.6



29.44

Y

26.66

Y

23.89

Y=

21.11

Y

18.33

ElectricEIR chiller trane CVHF 4610 kW/6.34 COP/vanes CAPFT
Y=

Curve plot

3
-2 -
<
- 3 Lt hedntaladite e LB dooof o0t =
o [}
.w..u.B D|n N /—
[P umm. w n
- N e >
Y %) + - -
%8 nw _.nnv
Ben | ) T
2 S\ N IIIII
N ©
o™ ~ o g©
L © Z o © i E—
N N
- < E O B + ==
~ < >
N~
N 2] ™ |
~ o )
s ) © -
NN o = T
-M—/ 0 ~ % IIIIIIII
. o X R = BN Lici
Qo 99 ©o B
Mo = < > =
g N
©®© d L
L O ~N - U RS | SO - (R O I g S - . A -
°s W O 4=
3 = n—2
"o © B .
0 4 S U
< -—
i N 0 — 4"
' — [0)
N Ne) = Fegpem=pefrommgfempof == Jre= e aa g
Lo <t =
N ) o el : - _ Lima
0 )
L e o e ol i s +|.M. m mm © N SRR FUNPISIRE, S
| | 1 1 1 1 ~ < = - W | | 1 1
e el B R R +-F © = 2 =, i o o e o
1 1 1 1 1 1 <% 5 (= 1 1 1 1
riurirdl wirirere Bl wird rtrireis Btrind wirdars Srairar i wh Swirie i a 2 ©o Pariraiu rdwirsl wiriteri St wrirdwrh s
T T T T T T T T T T < E > 9 T :.u n.u :.u n.U
3 8 3 8 &8 8 &5 & & 3 o u & 3 KB R
-~ -~ -~ -~ o o o o o o o o o o

indino

23

FHEFTAN 223 H 109.6

768 808 849 8.89

565 6.06 646 6.87 7.7
747 788 828 869

444 484 525

464 505 545 586 6.26 6.67 7.07

T

9. Trane-4,610 kW Z 7k 7k £ #& b A8 3 JE I8 5 2 A5 TRy 42 o



Y - BERHESER > &8 N 2ok ERMERE - w7 A BRI E ERF iRz (5) ~ (6)
E?ﬂm‘t HA N AZGAERE A G AEREIR - 2020 (7) ~ (8) ~ (9) » #0IE 10 £
Trane-4610 kW Z k7K EREMERESH [ELS s B8 2 Hhig -

EIRFPLR ;= a + bT ¢y, + ¢Tepa) + dPLR + ePLR® + fT¢,,q, PLR

3, : (7

+g*0+hPLR +i*0+j*0
EIRFPLR,;, = a + bPLR + cPLR’ )
EIRFPLR,, = a + bPLR + cPLR* + dPLR’ 9)

Curve plot
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10. Trane-4,610 kW Z kK E MR H IR A X whég -

I=Ei%, 1
A& 11 EnergyPlus Z E# /A /7 2288 B R vkoK EREEE LT % - IRIBAFEIEE

SrBC - R OK BRI EE AR AR - HA AEAFE & BT

(1) L &#H, (Optimal) : HREF UK ERERIERERTHR - U (R LETREFIAE S IE R -

(2) P& #H (UniformLoad) : #ESRfRIET & 3 R E R NSRBI & S koK 11 -

(3) RFFE# (SequentialLoad) : #KIRNEFE @ vk/k T8 - EHEUKkKERCERE - HIFFEE)
REVKKERE -

(4) FHIER 5 E#L (UniformPLR) © $ESe2EH 2 -k & O NVEF RS AR ) R INEETER 45
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B#EECREN S G koK R -
(5) RIFFHIER 7 &3 (SequentialUniformPLR) : {RAGIEFFRE) koK 4% - 5 TFHFERENH MG
VKoK ERE - BIMKRELS BRAE S A/ INETTER Sy B8k I -

Identify available equipment

v

Select scheme

UniformLoad SequentialLoad

SequentialUniformPLR

Load equipment | || oad all equipment | | Load equipment| |Load all equipment Load equipment
to optimal PLR uniformly with equal to capacity in uniformly with equal sequentially to capacity
load to Capacity equip list order PLRs to capacity in equip list order. Maintain equa]

PLRS for all ‘ON’ equipment

Remaining
Load?

Load equipment
non-uniformly to
capacity

\\ Y y

I Sim equipment

11. EnergyPlus % & 5 e £ 24/ -

5 ZBENE

AHRFE 2 RS R T 4 TEHE 1 E 16 @8RV A SR - g ERE T
48000 m” ° EF =B vk/K FHEFEHD - FEMESTR 1800 RT -

N BEEEREASR

ARFEEIEZLEM EnergyPlus BEFRGRA - SGRA L AN SIbT 2 EHZR 2R
Yy o R L SRR B BRI (R B E SE kAR - IFUOK ERERIAIE 22 - TfE EnergyPlus A1
LUK EREE R BN E kK BB E R koK EMHL & LRI A - TR AERIREMEE A vk
IKERR G B > Ei# EnergyPlus BB T AR OR EREHL & - WE @22 F R
HOFEFE BRI H AR BT RE A VIOK EMHL & DAE R b5 1R (358815 - MRzl & AU BA R
T -

1. EnergyPlus {REZE

ULAfF5E5% 3 EnergyPlus METTEALZ == NEEE ~ HEG ~ 000 - N B KGR IHEHE - 23R
MEFRE - HEAGHREMS 2Ok EEPEEEF =5/MREE % - 5 hIE AR AR
N EHSANEVOK EEEE ZMFEZES » DETREST -

PHEITA 223 #1096 25



2. B KIKEH

7% EnergyPlus FEBERUAS I A K GHETT M EHGE - R RZ=MEEE 7 A S
A 1,549 RT » RIARZE G i K22 &#A Ry 1,549 RT HAJ#4EC 3 wok/k L - ZIKﬁﬁnHﬂ
HH 6 HAEMEEA oK R - a05% 3 FiR 0 43518 300 RT ~ 400 RT » 500 RT ~ 600
RT » 700 RT ~ 900 RT ©

*%3.6 & kR EMEHRZEH -

- Chiller Information Capacrcy(RT) COP(w/w)

1 McQuay PEH 1030 kW/8.58 COP/Vanes 8.58
2 McQuay PFH 1407 kW/6.60 COP/Vanes 400 6.6
3 McQuay WSC 1751 kW/6.73 COP/Vanes 500 6.73
4 McQuay PFH 2124 kW/6.03 COP/Vanes 600 6.03
5 McQuay PFH 2462 kW/6.67 COP/Vanes 700 6.67
6 McQuay PFH 3165 kW/6.48 COP/Vanes 900 6.48

FEEFELA L 6 EAFIAEZ kKT » #EET 3 SR AR EHES AT
HAEVK K MU TRG E AR S 2 i K22 A # 1,549 RT » [RIHGEEREBAEONHL 1,549 RT
9 1,800 RT sKE FE a2 at el - MR ES oK FHEA B & R EEASZ 2 Z2H2 M
FEE - S EREHSIETRERIS &L -

3. EnergyPlust&# 447

{5/ EnergyPlus f&f A &% 1,800 RT Z k7K L& » HETRH X750 s B sk e
Triok TR BB A= W5k 40 BRI S » &% EnergyPlus 1T
FAFRURBIEE o 0 5 fEVOK ERGH AR FEARREE R ML - IRIGEEER/ N2 R - B
FERANFR 4 7R -

F 4.5 B ARMEZ kR EMMSRBERZ FRHTE o

Chiller-1 Chiller-2 Chiller-3 Total Chiller | Cooling fF-HEFE
(RT) (RT) (RT) (RT) FE = (kWh)
700

1 1,800 989,831
2 300 600 900 1,800 990,107
3 400 500 900 1,800 999,250
4 500 600 700 1,800 1,022,608
5 600 600 600 1,800 1,027,936

5l bt 2 S EE AT - RIS S ETRE 2 VoK ERE SRy 400 RT ~ 700 RT ~ 700 RT ° fiff
iE =B UKK ERERAE A T BIRR IS i i (L - R — B A AR 2 BB RIS A R &
B KA TGEEESEWHAP—RIERMRE - DL 7 A 15 BERRE - EEHHEZE
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BT A TERE G R RS BB RAIER 5 Fn - RIS EREHS

T RBHRRY 1 2 3 5BIREFH—E TR (400 RT) ~ S5 EHE (700 RT) ~ SH=5FF (700
R) - HHAZGR=6TEAFEEIERT - EHRE & KB =6 TRRBMEEEEZ vkok 3=
# o FEEE SR HEFEE R -

RS 6AEMMIEE BB FEL -

BeIIIE T FIHFEE R (kWh)

1 1-3-2 5784.4
2 1-2-3 5784.4
3 3-1-2 5807.7
4 2-1-3 5807.7
5 3-2-1 5848.8
6 2-3-1 5848.8

4. %

R 4 R ETREE R AEREOK M 2 M S AR MM bl - HAE SRR 6 Fis - i
BiiRE.Z vk 7k FHH & B 400 RT ~ 700 RT » 700 RT » H Cooling EAEFERE = Ry 989,831 kWh »
EAEREZ UKk/K EHERE & B 600 RT ~ 600 RT ~ 600 RT * H Cooling FEMEFEE & 1,027,936
kWh » Bt & Cooling fFHEFER &7 38,105 kWh » ELJ\H‘%% EZ A AR Pri B e - HIIHAS
BESRy 3.7% ° 5 TR vk/K FHERH &5 Cooling fEFEFERE &5 1,005,946 kWh » fEIREMH
BH 5 flAH &2 Cooling FEFEFETE B 7 16,115 kWh » 5 DL 5 FlAH & 2 I E MU Hris s
% AIHEETRER R 1.6% -

RO RKREMASZRGBEERIEERTHZAEHLTEIN -
(RT) (RT) (RT) (RT) FEFEE (kWh)
1,800 989,831
7 600 600 600 1,800 1,027,936
SRl 7 EE 1800 1,005,946

i EfiAE B I AERE Z BITRESR (%) A EREBLPIIR & 2 BIRER (%)
3.7.% 1.6%

PR SRIS L2 MG RN 7 As - R R H B R ETHT - RETRERIE
HERIE R FER 1 HEFEE R 5784.4 kWh » FEREFIBHEESRIS B FE9R 6 » HIAEBER
5848.8kWh - MRFETRIG Y H #AFEEE EAHZE 64.3 kWh » 5 DURFERE 2 BAHETRIE R BEue - HATRE
Hhy 1.1% © 6 TEBIFETRIS AT H R &9y 5813.6 kWh » DL 6 TEBARESRNE 2 FEFE £
R Lt B - RIETRER R 0.5% ©
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&7 RBRE R R RARA T ASRE TN

B IIE H AR (kWh)

1 1-3-2 5,784.4
6 2-3-1 5,848.7
6 TEBHHE TRI% < S 5,813.6

A EREBL R FERE Z BRESR (%) | IRENREEL V- ETH & ZERER (%)
1.1.% 0.5%

g

ARZEHEH EnergyPlus ZHEHEEI A RIK ERMH & 2 2EFRER - DORGREZEREK
IKERG - WETTUOK BTSRRIV (L - DM — R EIbZ R GE T o1 - &%
BRI 4 EHE - H1E 16 EHLZAEEE - SRR ERMH SR =5 koK -
HAMES T 1,800 RT © A8 HH M il SREES AN Rl vk bl & H i BT RE B i FEREAORH & BE VR B A AH
ZATEs 3.7% - HAETT PR RIS SR Lk B HIEn] A N 1.1% HUAE -

SENR

1 REIRE RN, 22 R R IR A A B A RE VR 2S00 Tt pdf 5 .

2. GettingStarted.pdf, June 10 (2020). Please refer to the web site:
https://energyplus.net/sites/default/files/pdfs_v8.3.0/GettingStarted.pdf.

3. U352 ISR B E B R UL BEFE K. CFD 5883 17- ST | |, June 10 (2020). Please refer to the web site:
https://wenku.baidu.com/view/42e5881ddf80d4d8d15abe23482fb4daaS8d1d85.html?re=view

4. T ZEF R AR IR A R BT RE VR ZE B F-Hii.pdf , , June 10 (2020). Please refer to the web site: https://www.ga.ntnu.edu.
tw/eshs/Energy Management/%E7%A9%BA%E8%AA%BF%E7%B3%BB%E7%B5%B1%E8%83%BD%E6%BA%90
%E6%9F%AS5%E6%A0%B8%E8%88%87%E7%AF%80%E7%B4%84%E8%83%BD%E6%BA%90%E6%A 1%88%E4
%BE%8B%E6%89%8B%ES5%86%8A..pdf.

5. DA RETR R, EEERETRE I ARl Tt pdf )

6. ZE B, ZEER R, BRADHE, B E{L SmartAuto, 6, 74 (2020).

7. FEK, FEF EnergyPlust& 3 1T i VKK EREAA &, BITZZALRHI AR ERAEIRELIS 22 3 LAZ R B E3m L, (2009).

8. MDesignBuilder 2.1 Users-Manual Ltr.pdf  , June 10 (2020). Please refer to the web site: http://www.
designbuildersoftware.com/docs/designbuilder/DesignBuilder 2.1 Users-Manual Ltr.pdf.

9. "Table of Contents: Engineering Reference - EnergyPlus 9.1 ; , June 10 (2020). Please refer to the web site:

https://bigladdersoftware.com/epx/docs/9-1/engineering-reference/
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