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The Impact of Adjusting Chiller Cooling Ratios in a Chilled Water Storage System on
Air Conditioning Energy Consumption Reduction: A Large Commercial Building Case

Study
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Abstract

This study investigates the potential to reduce energy usage of chillers for air conditioning in a
large commercial building with maximum cooling load 1550 RT with relatively constant electricity
demand during daytime and lower demand at night. It employs 2 units of existing 800 RT chiller
systems integrated with a chilled water storage system and adopts a Partial Load Demand Limiting
strategy, setting the chiller operation to 25%, 50%, and 75% of daytime requirements. The size of the
chilled water storage tank depends on the chiller performance that varies with the designated cooling
ratios and the amount of chill to be stored overnight for use during the day. Electrical energy savings
calculations reveal that the 75% cooling ratio achieves the highest savings at 20.23% of existing units.
Economic analysis indicates that the 75% cooling ratio offers the shortest payback period of 4.59 years
with an internal rate of return of 27.12%. Furthermore, sensitivity analysis shows that electricity tariff

rates significantly impact the payback period, with higher rates shortening the payback time.

Keywords: Chilled water storage; Chiller; Partial load demand limiting; Economic analysis
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(Partial Load Demand Limiting) TngivundnaiuntvianuuresTalaediaui 25, 50 uay 75% vYeIAIu
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Anufuiieysuanianslue1ms 39iuumeludunITTANITNE IURIUANFBINITNE 1Y (Demand-
sided management) %aﬁsﬂ%’izwLﬁuazauwé’mﬂugﬂﬁmﬁu (Chilled water storage tank, CHWS) snvihau
Swfuszuudames Inefinsarauanudulutiaaiifanudesnisndsenlniiei (Off-peak period, OFFP)
wazthuldlunsvhanudu lugisiifienudesnisndsnuliiings (On-peak period, ONP) [1-2] Sednuniznns
Mnuedwunld 3 gUuuy lvﬁ”LLdgﬂLwUﬁ 1 wuuBataesyhaudunise (Full Load) TneBataesvinmanudu
avanlu CHWS wWardafimvun Tudas OFFP wasauduiiazauunsnglunsianudulsiunaisslugas ONP
sUuUUi 2 9efinmsufunseifiesunsdn (Partial Load Leveling) wiletisannnssluting peak uagnszanenise
magulnihwesormsiulindiRestunasaieiu LLB%EULLUUVII 3 ANSATRUAAINABINIIANTEUNNEIU (Partial
Load Demand Limiting) FeanansauSuseRunTEM YA uvesTalaesle W 25%, 50% vio 75% luras
ONP wazsvuufvarauinduazdromuduliifiosunsaruesnisynsiandu giJLLwﬁasﬁdwammmm
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Dincer wazAne [3] Wu31is Full storage aztfwisTmmnzaudignlunsaififinisldlvinlugas ONP uaz
gnsantilutisnandeinaniiagenuiedanssasanlugianandug Sebzali wavauy [4] Anwisguy CHWS

ausindussuuliuemadisuiussuudivaniawuuildlundin aunseannsegeaals 87.5% lagds
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Partial Load Leveling agianuduamaasugmanifigaiiloiisuiuizdug Boonnasa wag Namprakai [5]
Anw1szuu CHWS dmueimslusmingrdonuinnsinuaaesaesyiin ginas 450 RT Al 24 Falug
sufusruufvazamindy uisfansaannslindsoldinngn 35.7% eisuiussuuyfuoniadlalld
CHWS Tnedisvorian@uyu 10 T uas IRR 219% Rahman wazamy [6] Anwiszuy CHWS v 3 sUkuuldun full
partial load leveling wag demand-limiting Tusaainsiay wuiaunsaanaluiale 61.19%, 33.94% uay
50.26% mwanu WeuiuszuuUTuenmiu Comodi wazmne [7] Anwiaruduldlalunisldszuu CHwS

fuoramsmavdlulsemadealusninislsonsiantuilnlugie ONP wag OFFP Fanulnanulsnannisianaaany

v
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asldl Snviadafiszoznanfunusinand 8.9 T, Alhikami wazang [8] Anwinsldszuy CHwS Tulsawe1una Tng
Anwianue 6 susuuleun full, partial load leveling wag demand-limiting 7i 30%, 50%, 70%, wag 90%
wuilunsdifemuarsssuuieandull JUKUY partial load leveling wmnganiian awnsaannisld
wdanulstas 10.5% mindumsuiuussanszuuyhanduiu Uk demand-limiting 7 30% agianza
fign annsoannislimdsnuldas 13% Weisuivszuuifa
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wanslunndl 2 Tnefinslifanesoun 800 RT [9] vhoudeiieuilevindununiszmshanumduiiveans
9949173 wazlutanarsAudaiassaziinisviienuiies 20-30% veanuaunTagegnTaianiddinane
anssnuzresszuy Jadumanalunsing CHWS Aunzaudmivemsusisil

Fawosilldlumsfnuiifuuuy centrifugal fifinissrunsanufeusae Tasdvefudu2 g wnas
1000 RT [10], Hutindu (CwP) 2 4a yaaz 45 kw Tumsmuisuhsswitdanesuasneiady, duidgugd
(PCHWP) 2 49 yaay 30 kW LLaz%uﬁmﬁquﬁ (SCHWP) 2 % nay 40 kW ‘Lum'ﬁmguﬁawfwLﬁuﬁsij%ama%
wavmoEddu (1 1-4 uaz 5-8)
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V(theory)
_ 3600 x Daily Storage Capacity (kWh)

p x Cpy X (Teywr — Tenws) x FOM

(D

V foruiadeiiidy (m?), p Aeainunuiwiuvesin (kg/m?), Cpy, ABAIINFAINTOUTUNIZYDN
° o 1 a o £ o v 5 ° = o vl 1 I °
(k/ks°O), Tepws wae Tepwr Wargaumaiivividiiareandsingu (°0) lunsfinwiiwualidiawiiu 7°C,
FOM #uslsng Tunisdnwrilldaningu 0.9
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Juhdulgugiililunmsmudewhsswina@amesuazduiuigy sasnisivavesduanansamualsn

aunig [11]

mPCHWP
RTchiterx 3.517

- Cow x Teuwr — Tenws)

(2)

o o

maslni1idesnisdmsuduidnanansadualaanaunis (3) lunisfnunidimualiaiugs

(operating head), Usgdnsnminuazusimasiayingu 20 was, 85%, and 95%, Mua1du [11]

Ppump

_ (Mpcuwp)(9) (h)
103 (np) (Mm)

10 RT pijer AOUUINIDITALADS, Mpepwp 093N15Wa (ke/s), g Ansaiosnnussliuaiswedlan

(3)

(m/s?), h a3ugs (m), n, Usz@vSamdy, n,Ussdvsanuewss Saidwwestudlofinnsenmsiianubuuea

v
Yo

UNNEIU [9] @1n50AIU7 alagall

Pyump@part load (kW)
= Pyump @ full load x PPR 4)

idle PPR #® pump power ratio: PPR = ax + bx? + cx3, x fie part load ratio 2e3¥aaes a, b wax
c ﬁaﬂlﬂﬂﬂﬁl: a=0.0205, b= 0.4101, ¢=0.5753.
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Useansnmduazuawmasianvindu 28 wns, 85%, and 95%, ANUANSU wariadbiinvesduanunsamuie

NENNT (3,4) [11]

mSCHWP
RTloadx 3.517

B Cow X (Teuwr — Tenws)

)

3. Jutivenadu

Judweasulilumsmudsuhssrhveiafulazneumumosvesames  narsgamgiiuiurids
wazveenvielaudy  (Towg — Tews) Avuslviilenwiiiu 55 °C dwualiianiugs (operating head),
UsvAvisnmiuuazuamesiianyingu 25 LUAS, 85%, and 95%, audfuLasidslnihveslanunsaduiman
aun1s (3,4) [11]

mCWP
_ RTCT_required x 3.517

Cpwx (Tewr — Tews)

(6)

=
NANIIAN®WI
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A1sznsvanudulunsas i lusveslaaas sEuuRukazA1sENTYNANLLEuYedatasslunsilfadnis
' ° YN ° < a & a o P ' o
A5EUNNEIULAY T UAAAFIUNTITVINANULEUYDITALADTAUN 25, 50 Wag 75% YBIAIUABINTT UL INAITUY

LEAIAINING 4

Tunsdifmundndiunmsianuduresdamesifuil 25% veseudenislutinaisiy, Taaesuuin 800
RT 2 ginazviaudl 80% Yesanuasnsngeanluta off-peak (10:00 p.m. fi3 9:00 a.m. lufudnun) uazda
1803 1 ginagyhanuil 50% Tugianan on-peak (9:00 a.m. fis 10:00 p.m.) gundafuinduiisnaldiie
U 12,780 RTh 6’?}&Lﬁaawaﬁ’m%’umiﬁ’]mwm?juﬂiw%aLﬁ@%ﬁaaaagﬁmiuﬁmnm on-peak wag off-peak

nsdlmuuadndiunsianuuvedaiaesinui 50% 99ANUABDINTSIUTIINANTY, TaLaasvunn 800
RT 2 gﬁmsﬁwmﬁ 67% YDIANUANNTOFIFALUYIN Off-peak (10:00 p.m. 1 9:00 a.m. Tuiudinui) uazda

@os 1 efinazyiaud 97% Tuyianan on-peak (9:00 a.m. &1 10:00 p.m.) swndaividuifuanlaien

v
o a

WU 8,436 RTh %ﬂL‘ﬂmwaé’ﬂﬁumiﬁ’]mﬂmﬁuﬂha%aLaa%fmaaﬂgumimi’mam on-peak uag off-peak lny
fuharivnadnanieieuiunsalifmuadadiunsieunduredanesiind 25% vesnudeinisiuis
nanaiu

nsdimnuadadiunsvhanuiuvedaaedidud 75% vesrnudesnisluranaisiy, Tamesvunn
800 RT Liie)s 1 qﬁmzv‘hmuﬁ 70% YBIAVILAINTNAAALUYIN off-peak (10:00 p.m. fig 9:00 a.m. Tuudinun)
uardalaes 2 gﬁmsﬁwmﬁ 73% Tughanan on-peak (9:00 a.m. 81 10:00 p.m.) WwndafuLiuRfuIle

fidwiniu 3,576 RTh aifisanednsunisianududislamesnsaesydnlugiaam on-peak uaz off-peak
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awd 4 nsznsvihanudulunsasdiluwe@aiaesssuuiutarasenisyinanuduvesdaaeslunsdl

M990 1 aunanisznisianuduluisazdaluesdameslunsalfesnisnssunsdiuiidndiusieg

ABINITNITTUNEIUN

o 1

PEAIUANE

o

Partial Storage Demand Limiting

25% 50% 75%
Time Load Utility Period
Chillers in Storage Storage Chillers in Storage Storage Chillers in Storage Storage
(Hour) (Ton) (Hour)

Operation 25% Charging Discharge Operation 50% Charging Discharge Operation 5% Charging Discharge

(Ton-hour) (Ton-hour) (Ton-hour) (Ton-hour) (Ton-hour) (Ton-hour) (Ton-hour) (Ton-hour) (Ton-hour)
1 260 Off-Peak 2x720 1440 1180 2x536 1072 812 1x 560 560 300
2 220 Off-Peak 2x720 1440 1220 2x536 1072 852 1x 560 560 340
3 125 Off-Peak 2x720 1440 1315 2x536 1072 947 1x 560 560 435
q 125 Off-Peak 2x720 1440 1315 2x536 1072 947 1 x 560 560 435
5 135 Off-Peak 2x720 1440 1305 2x536 1072 937 1x 560 560 425
6 155 Off-Peak 2x720 1440 1285 2x536 1072 917 1x 560 560 405
7 420 Off-Peak 2x720 1440 1020 2x536 1072 652 1x560 560 140
8 800 Off-Peak 2x720 1440 640 2x536 1072 272 1x560 560 240
9 1460 On-Peak 1x400 400 1060 1x776 776 684 2x584 1168 292
10 1550 On-Peak 1x400 400 1150 1x776 776 774 2x584 1168 382
n 1510 On-Peak 1x400 400 1110 1x776 776 734 2x584 1168 3a2
12 1510 On-Peak 1x400 400 1110 1x776 776 734 2x584 1168 3a2
13 1495 On-Peak 1x400 400 1095 1x776 776 719 2x584 1168 321
14 1495 On-Peak 1x 400 400 1095 1x776 776 719 2x584 1168 321
15 1510 On-Peak 1x400 400 1110 1x776 776 734 2x584 1168 3a2
16 1500 On-Peak 1x400 400 1100 1x776 776 724 2x584 1168 332
17 1500 On-Peak 1x400 400 1100 1x776 776 724 2x584 1168 332
18 1485 On-Peak 1x400 400 1085 1x776 776 709 2x584 1168 317
19 1400 On-Peak 1x400 400 1000 1x776 776 624 2x584 1168 232
20 1150 On-Peak 1x400 400 750 1x776 776 314 2x584 1168 18
21 950 On-Peak 1x400 400 550 1x776 776 174 2x584 1168 218
22 470 On-Peak 2x720 1440 970 1x776 776 306 1x560 560 90
23 160 Off-Peak 2x720 1440 1280 2x536 1072 912 1x560 560 400
2 190 Off-Peak 2x720 1440 1250 2x536 1072 882 1x560 560 370

Total 21575 12780 12765 8436 8427 3576 3567
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masluihnldlundsiuresssuulunsdidoninseusdiundndiunneg Lansnanmi 5 wuanlunsed
uupdndiunsiauiurediamesiiud 75% vesmnussinisludasnaisiuasinisldlnihsigei 14,004
kwh/day anansaannisliludlegeant 20.23% WelilsuiuszuuBaaesiaui 17,556 kwh/day tiesainnsel
° o ° I a ¢ a o P | o a I ° a
AMRUAFAFIUAITYINANUEUVDITALADIANT 75% VBIAUABINTIIYINA1ITY, Tataasauia 800 RT %inaui
70-73% vospuaunsagandnduiiaiidaaesvzdaussourgegaiinasldlviisingn dwssuudaesifuas

auluganasfiun 15-30% vesrnuaunsagsan dawalisinisliliihiigand

20000
5 Il On-peak Off-peak
2 15000
& = 10000 N
(W) (T
> 2
o
o = 5000
S X
8 0
s Existing 25% 50% 75%
L

AsEATYANILE

P = o a s a a N v ' Ao '
AN 5 mﬂ‘ﬁﬂﬁﬂuwumu‘umixUU‘UaLaaiLmJLLaz‘UaLaa'ﬂ‘uﬂimmaQmim'ﬁxmﬂmu%aﬂmumﬂs]

N1SAATIBAANULATHGAENS

AFIATITRAULASEEMARsYaINsAnw Tz Usznaumealddiesunisasmuludaindu Al

lut39 on-peak uag off-peak, Angssnwuazyacan lnelisvazidennannsai 2

] 1% Al a ¢ s
A13199 2 Yayaildlumsiinseimaasygaans

S19aL28A U3ueu YUY

Electrical Tariff Rate [12]

Energy: On peak 0.12 USS/KWh
Energy: Off Peak 0.074 USS/kwh
Capital cost

Tank cost 122 US$/RT-h
Maintenance cost [13] 6.6 USS/RT/y

(2% increase/y)

Lifetime 20 years
Discount rate [14] 2 %
Salvage value 15 % of total capital cost
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TumAATeiiuAsygmansagyinsAIamsresnaIiuulosiukardnsmanouuunigly (RR)

anunsasunnllasadl
S Ruasuisin (US$) | Uss (11)
Al uszudale ( )
year
Sasmanauunungly (RR) asnsafuallasail
271:’:1 Rn - Cn
——— —(TIC - SV
AR\ )
=0 (12)

Wl R, AeAbilifivsendalavesseuuludn n, €, aldiesuingesnwsetluda n, TIC Suamu

vianuantlagduuay SV Asyar1win Inginan1sAuinuanisimisned 3

A13197 3 S1UALLBYANANITIATILININATEFANANT

Scenarios

Descriptions
25% Demand Limiting 50% Demand Limiting 75% Demand Limiting

Chiller capacity (RT) 2x800 @ 90% 2x800 @ 67% 1x800 @ 70% (off-peak)
1x800 @ 50% 1x800 @ 97% 2x800 @ 73% (On-peak)

Storage tank (m?) 6,140 4,052 1,718

Chiller (US$) - - -

Tank cost (USS$) 1,431,360 1,096,680 643,680

Cooling Tower (US$) - - -

Total capital cost (US$) 1,431,360 1,096,680 643,680

Annual maintenance cost (USS/y) 10,560 10,560 10,560

Annual benefit (USS/y) 204,954 156,187 150,734

Total profit (USS/y) 194,394 145,627 140,174

Payback period (y) 7.36 7.53 4.59

IRR (%) 14.39% 13.90% 27.12%

9519 3 Bawnsdlimundadiunisvinmnubuvesiaiaesidui 25% vesnusonislutis
nansfuaziienlyifingniigadesannsinsldliinlugas off-peak gandwndndiu usiflesansesiinsamuluds
AutiBugegaviliilssoznanfunud 7.36 3 8 IRR Wiy 14.39% wasnsdidadiunmsvinerubuvesianes
il 50% vesmuFpsslutasnansiy xilszaznanAuyuLas IRR gean 1 7.53 U wag 13.90% audsy us

Tumendunulunsdldndlrunisvinanuiuveslaaasiiud 75% ¥99AuAaIn1slutranansiu fauwdaganunse

ananlnildtesandioeuiunsdidug widnsawuludafivinduiilissesnafunuduigen 4.59 T

q
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