eomo0dp3, Energy Audit 6s0mgp203 Gapaon[gEs(Hotel Building)

Chiller Plant Performance 630004p203 Gogaonfgs(Performance Analysis)

B000500890RE 0nbe0€a0n:a00d chiller water plant 028903 energy audit cpdq) q&eopd
e30m0gP03 0qdgp: eega(plot)g performance o3 eopao[gls(analysis) [gredogp:o? 22600:805
Gqpo0200300p51 GeRNSERR) 3aqIodgPign AloCoopdi VBouSMBecRE [gdcilenp§oopd (typical)
cooling load $&qp:od Gapa§Easpdi Chiller oodadieenE:aopdzadl $6cdeenEso0pdsadl [gbeolaopd
Mefgmesgps 36a0300pd parameter gpz 63 6apan8E0dI Cod§ewrtiesopd efficiency cood
SeomEieamt [grod8Eo0pd 3ag/05gpiodapdienoammaoopdi
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Hotel COOIing Load Profile System Tonnage Range (07:00hrsto 01:30hrs):
550 175RT - 480RT
525 System Tonnage Range (01:30hrsto 07:00hrs):

500 175RT-265RT
4?5 I . I 1 I

175 CH 1Tonnage Range (07:00hrs to 01:30hrs):
75RT- 250RT o
CH3 Tonnage Range (07:00hrs to 01:30hrs):
80RT-270RT

0 H CH3 Tonnage Range (01:30hrs to 07:00hrs):

175RT-2635RT
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¢ -0 Building Load Profile
eopaneop §qodqps(Observations)

« Average day peak load 20p5 450 RT o8, (9620051 pooo§:esleo3Ed (before midnight) night
load 2005 275 RT 988 c08:ealE§Se50053Es(after midnight)ogE night load 20p5 225 RT
[go0p5

e Energy audit 0066500 po3e§85 CH3 cunsoopdi 653ag$0pE CHI $& CH3 $600:
03600001 CH3 @i cooling load 905 CH1 cood Sgqpzoopdi
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e0§:06g05(Analysis)

1-2

CH1 $& CH3 oo0p5 water cooled centrifugal 500 RT chiller gpslgdlo30005n 632§ (during
daytime)ogE chiller CH1 $& CH3 $6c:0005 part load [§¢ GenEzoopSi Rated design load &
45% [gGewrEs0000n (operating at around 45% rated design load)i posoqj$
20§:69I8003E8(during before midnight period) chiller CH1 & CH3 $&0d:0005 28% part load
[5€ cenCso0pSn aB393 chiller $50d20005 Fa09$5p5:000) loading [gEewnties[glielope
efficiency so0g8p3¢E:93:3kEEa0pSi 20§:6alE§§e50053E:(after midnight)og€ CH3 oopS:om
45% part load [4€ cerE:00001

Chiller CH1 $& CH3 $80%:0303E 0060%20005 0ofgPio0ddi0005 GuEieso0pd cooling load
2000 12.5% Jgpz00pdi 00dspS:320¢gC Chiller CH1 & CH3 $60:03ai loading(%)
eoapé@eou (There is roughly 12.5% difference in cooling load supply between both CH1 and
CH3.)

0060:00053¢P:0005 3agudsse:0p80005 chiller gps(same capacity multiple
chillers)een&sapd326l optimum efficiency qfq$300305 chiller 0o6d:qE:8320305 chilled
water return temperature $& chilled water flow rate o3 08ge=anE(balance) 038:qi04] chiller
loading p8qjesanE[gjepb§Ea0pSi Chilled water return temperature $& chilled water flow rate

032005 chiller loading sa505:3a6p:03 [gdeo06o3pE[gd 200!

Chiller oo8cdscil chilled water return temperature 3[g€ecy chiller loading 3qpeco [gdoopdn
Chilled water flow rate 3gpzaco chiller loading Sgpzaco [g620051 aBsdgoS5ad:00p5 building
cooling load 3360log€aonobaopbi Chiller loading p8gjeogox balance cvdg§sac0500

aBc8o0p5
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Building Cooling Load Histogram
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¢ - Building Load Histogram

Gpeoy, §qodqps(Observations)

«  Building load 2005 350 RT ¢ 500 RT 90038&: [g0edl 2005 25[036 58% (frequency)gdoopbn 300
— 350 RT range 20p5 pooo:ealCecdEs (before midnight)og€ [gdecl[Gs 150 — 250 RT 205
20£:69IEGS e500538:(after midnight period)og€ [gecl oS

e Chiller plant system o3 [g§cop5 design co6200088lo3€ low tonnage sagpsads(highest
frequency % ) [g0eclaopd 250 RT 03 sa6gdaoaopdi Peak load tonnage sagpsad:(highest
frequency % ) [g6ecla0pd 500 RT o3 sa6gdaogaopd
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Power Demand for CH1, CH3 and System
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E 350 | 75kW - 200kw —
gég =2l CH3 kW Range (07:00hrs to 01:30hrs): —
?i 275 Ui . 100kW - 210kW
2 750 CH3 kW Range (01:30hrsto 07:00hrs):
a 225 135kW - 200kw
200 f
175
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100 System kW Range (07:00hrs to 01:30hrs):
75 350kW - 630kW
50 System kW Range (01:30hrs to 07:00hrs):
25 135kW - 200kW
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¢ -9 System Power Demand Profile

eapaeoy §gjodqp:(Observations)
System Power Demand Range

e System kW Range (07:00hrs to 01:30hrs): 350kW - 630kW

e System kW Range (01:30hrs to 07:00hrs): 135kW - 200kW
Individual Chiller Power Demand Range

e CH 1 kW Range (07:00hrs to 01:30hrs): 75 kW - 200kw

e CH3 kW Range (07:00hrs to 01:30hrs): 100kW - 210kW

e CH3 kW Range (01:30hrs to 07:00hrs): 135kW - 200kW

s0§:06g05(Analysis)
CH3 el power consumption 20p5 CH3 co05 3gpzaopd

*  System kW Range (22p8jeepEadEs) 0odadE:a005 do& power consumption coo’ a3a8o00m
$05:65200003 0ofepi3gI0dyPisE 03056) 22600:805 GrprneosiodgERdI
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CH1, CH 3 and System Chilled Water Flow (GPM)

2500 — System Flow Range (07:00hrs to 01:30hrs): 2,650GPM- 3,050GPM
5300 | System Flow Range (01:30hrs to 07:00hrs): 1,570GPM- 1,670GPM

Flow (GPM)
g

1000 CH 1 Flow Range (07:00hrsto 01:30hrs): 1,200GPM - 1,650GPM
800 CH3 Flow Range (07:00hrsto 01:30hrs): 1,350GPM - 1,600GPM
700 CH3 Flow Range (01:30hrsto 07:00hrs): 1,570GPM - 1,670GPM

SISO .@@@@@@@@@@@@@@@
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——CH 1 Flow =—CH 3 Flow —Sys Flow
¢ -G Chilled Water Flow Rate Chart

Gepaneop §qodyp:(Observations)

o 0509[gbedloopd system chilled water flow rate opo3(consistent)oopdn a3eadd CH1 $& CH3

o3 chilled water flow rate sagpSscadajlgpsoopdi

System Flow Range

e System Flow Range (07:00hrs to 01:30hrs): 2,650GPM - 3,050GPM

e System Flow Range (01:30hrs to 07:00hrs): 1,570GPM - 1,670GPM
Individual Chiller Flow Range

e CH 1 Flow Range (07:00hrs to 01:30hrs): 1,200GPM - 1,650GPM

e CH3 Flow Range (07:00hrs to 01:30hrs): 1,350GPM - 1,600GPM

e CH3 Flow Range (01:30hrs to 07:00hrs): 1,570GPM - 1,670GPM
c0§:06g05(Analysis)

+ CH1 $& CH3 oai chilled water 325p5:c05 woppBqoopdeacioipEs(inconsistent)od
oo[epizagIodgpisC 0B0de) 39600:805 eapansosiodeedi
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Temperature (°C)

COPPNMNWWADNTA N NS00 ID00
oUouUoULouLoULoUwowonouounow

CH 1 Chilled Water Leaving temperature, Return Temperature and

Differential Temperature

CH 1 RCHWT Range (07:00hrs to 01:30hrs): 7.5°C - 8.9°C
— CH1 LCHWT Range (07:00hrsto 01:30hrs): 6.5°C -7.5°C
| CH1 Differential Temperature (07:00hrs to 01:30hrs): 0.6°C -2.5°C
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(;) -§) CH1 Chilled Water Temperature Profile
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CH 3 Chilled Water Leaving temperature, Return Temperature and

Differential Temperature

CH 3 RCHWT Range (whole day): 7.5°C -9.2°C i

CH3 LCHWT Range (whole day): 6.0°C - 7.0°C 3

CH3 Differential Temperature (whole day: 0.7°C - 2.5°C F
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¢ 5 CH3 Chilled Water Temperature Profile
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Gepaeop §god4p:(Observations)

Chilled water supply temperature 03 6.5°C #§03& 088:000:(maintain)ooodi

Chiller oo8cdzci differential temperature 0005 1.8°C 9§[q6(8: oofgp: chiller aop5 1.10C

o§[g2005

so§:0dgiod(Analysis)

0066londq) chilled water supply temperature 2005 6.50C 9§08 8&e08:a30:00051 chilled
water supply temperature $8eooalop¢ chiller &l lift 3g&ogasoopdn aelopé chiller
compressor 2005 3¢j 32006006001 chilled water plant system efficiency 205 chilled water
supply temperature s36303€ goopdeseamaelopé system efficiency 3eomE:dag chilled
water supply temperature set point o3 3055005 Jge] enleao&aopdu chilled water supply
temperature 32$5:c058[gEan0dcmn(gEieloé srefimaoyti§ecosi 8adE:eo(relative humidity
of the rooms) sa5p5:c0d G[gE0o05c860pdn

Chilled water differential temperature 20p5 2°C co055p5:00051 &(standard) sa[gd
2005905002005 chilled water differential temperature 2005 5.5°C [gdaopSu Chilled water
differential temperature 20p5 &(standard) 5.5°C coodqpsg> cagpspdies[gtsoopd chilled
water overpumping [ges[gE: [§900p5n 00dspbeaasg¢ chilled water pump 20p5
83260050005 gpign Sqpresa0pSi oBa3[gb[gE:ad overpumping [gdoopSwr elgpadenydapd

overpumping [g8[gEselomp¢ chiller water pump efficiency 6omE:a866p5 vupdbeol
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CH1, CH3 and System Efficiency (KW/RT)

System Efficiency Range (07:00hrsto
01:30hrs): 1.05kW/RT - 1.50kW/RT
System Efficiency Range (01:30hrsto
07:00hrs): 1.19kW/RT - 1.65kW/RT

Efficiency (kW/RT)

0000000000000 00RPRREEREEREPEEEEEE PPN

i ||
CH 1 Efficiency Range (07:00hrs to 01:30hrs): 0.60kW/RT - 1.1kW/RT
CH3 Efficiency Range (07:00hrsto 01:30hrs): 0.75kW/RT - 1.00kW/RT
CH3 kW Range (01:30hrsto 07:00hrs): 0.73kW/RT - 1.00kW/RT
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—CH 1 Efficiency —CH 3 EfflClency —Sys Efficiency

Q - Chiller Plant Room System Efficiency Chart
eepaoneop §qodqps(Observations)

o 053§ chiller sdadeentiesodaaoys(during two chillers operation in the day time)
[g6e0la0pd CH1 $E CH3 o3ai efficiency 20pS 0.75kW/RT ¢ 1.00kW/RT 22038: [gdoopdi

 Load $p5:es§8(lower loads period) po(00)§0§(22:00hrs)e§0053E: CH1 $E CH3 o3el
efficiency 2005 0.80 kW/RT ¢ 1.50 kW/RT 92038: [gdo0pSi 00§:6alE§$6520538: chiller
0080d0005:000 Guntiesd§(during single chiller operation after midnight)og€ efficiency 0005
0.73 kW/RT ¢ 0.95 kW/RT =2038: [gdoopdu

o System efficiency 2005 1.30kW/RT ¢ 1.50kW/RT =203€: 32005

c0§:06g05(Analysis)

o 30000 chiller 203 32008308050 gE §§8Ea0pd system efficiency aopd 0.62 kW/RT o
562005

o 360mE:ed: system efficiency qfe500pd32§8005 c52a§$(during the day time)[gdoopS
aB3§§0RE 45% loading [4¢ eenCsesa0051 28% loading 2Boyeosognioopdbensl system
efficiency pdqCsogsoopdi chiller 320083y Bapudes 8&E:apEaopdaadl(sizing the new
equipment) 032910503 300:0q[gB5gS 33260005
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e Centrifugal chiller gp:aopS 80-90% part load condition 03€ sacomEsads(optimum) efficiency
c0s88a0pdi Variable Speed Drive [g8ewa&:0005 screw chiller gpzoopd 60-70% part load
condition o3& 3a60mE:ed:(0ptimum) efficiency cos§Eoopdi adelopé 88320060068080pd
chiller qpsell 2a§jp3a003(type) sagudsnons(size)sé performance 0 aco0:BodSe0mBs

e@:@c%w@oaén
Cooling Load vs System Efficiency
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¢ -© System Efficiency vs Cooling Load Chart
Gepaneop §qodyps(Observations)
Occurrence patterns $8§j¢ [§6ede$200503 caaoneoy §(observe)aopbi “two chillers in
operation” 200 RT ¢ 500 RT 32038z & “single chiller in operation” 165 RT ¢ 300 RT 32038

*  System efficiency ac0omE:e05gbedlo0pd 3a6[g3a650005 “single chiller in operation” at near
300 RT (60% part load) ‘?E} “two chillers in operation” near 500 RT (50% part load)
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- End-



