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0. Chiller Preliminary Audit
9eeonEiaepd saqI0daac0ndyp:

O Refrigerant sadjs3a00s(refrigerant type)
Chiller 20050082 (age of the chiller)
Chiller design efficiency? (kW/RT or COP @ AHRI condition)
00§ chiller &l 03[03p5805qjqg (reliability of the existing chiller)

Oooaog

EI00E0pdesepypH(Sources of information)

O Chiller nameplate
O Chiller data sheet
O Ask the facility manager/engineer about regularity of breakdown.

0.0 Chiller 2005028¢ (Age of Chillers)
(0) coodeoy efgmaesopt q§8Caopd chiller gpiel 2005008:0005 (0g)sd [gdoopdi (Practical life

cycle of chillers is about 15 years)

() oeszgSot chiller gpseil efficiency 20pd 9333000000 0B:000d P05 (New chiller efficiency
have improved tremendously over the last 10 years)

(p) Full load efficiency(@ AHRI condition) 0.525 KW/RT o& q§8E[3s part load efficiency Seomé:s
§E2005
(G) cood§euntsesaopd chiller gpz vd[o3pd8adqeg (Reliability of existing chillers)

@) spFoxfgladeap: [qopbeqt  opfoyedodmacgiapioogdn  [glabqapigepdigbialopt  energy
efficiency qpgo ocomEsan§Ed

1-1



Chilled Water Plant Energy Audit (Ceppieledleptont )

0. Chiller Effidency

Chiller gps&i efficiency sscomEiadiesepa? efficiency sweet spot vpesladaecpdoopdn Chiller gpzei
efficiency 6omE: veomE: BEEQS 9eeorEiqupd 3ag/0d320005¢:

(0) eenso08a00d chiller 3a6aEa03050005 Sgp:aopd chiller qpa? Gentiesq[gt: (Are more chillers

operating than necessary?)

() edBoyoopd(inaccurate) instrument gp: 0o6s0Eoonigla 06s0C0on0pd Gsepeesg BAS
sequencing logic 0o§[gEs comEigr3acpdocyd(gts

() CHW differential temperature §§[gC:e[op¢ c32260005 chiller saeqEaogeb0005 qpood chiller
qp2e? eenEsqgE:(run more chillers than necessary) [gdedl 8865

o300 0pdesepyp: (Sources of information)
O BAS o3& cooling load eai{g(display)oonsag€ cooling load 03 wodaadl
O Chiller panel © % RLA 605030l

O kW / Volt / Amp / PF o3 0o50pdli Power meter o3w0pdb analog meter gpso?

S'QO?E@ O%o% or%&oooé]u

0.p grmaad:ge(Power Consumption) odcsodgCs
Chiller power consumption (kW) §§8Ea0p5 esepypsen

. BAS
. Power meters
. Chiller panel (kW or %RLA) $&

. MCC panel o3 [gdaop
(o) Chiller pump a6qEa0R05505:505:03 loading [¢¢[gElgCewniigtelopt efficiency 3eomE:§Eadi

Run less chiller/pumps at higher % load (better efficiency)
() Chiller control logic/ sequencing logic og€ @§205006 chiller 0odd:03 owedCsel VOS]
eenies0000 chiller qpsel capacity o3 s3eo§fgs(stretch) [gopde) efficiency comEseo§Eagd

(Stretch chiller beyond nominal capacity before sequencing in next chiller.)

Evaporator 1 condenser oooé heat exchanger efficiency §§ approach temperature |

compressor lift ©20p50303 copbagEs obten:00&a00N

9ea0nt:qepd 339053000yt
O CWS $& CWR temperature [g€o005[gE: [gdedlg
O Condenser water flow rate $05¢g: (Low CWS flow rate)

O High condenser saturated temperature and/or approach temperature?

. 3200:00[9E condenser and chilled water tube qpselizaopCs $§qpss podeoes[gts(dirty tubes)

. Refrigerant o©3o3€ non condensable exdbeg qp:fies(at:

. Refrigerant gpz c822620p50005 Soopdaodgts caqpaopdd[gts(Over/under charge of
refrigerant)

O Compressor surging [gbes[gc:
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Clepatieclostont Chiller Plant Preliminary Audit

Hgod3c00De g 0pdesepyp: (Sources of information)
O Building Automation System ¢ @803 6205098E20001
O Chiller panel ¢ G3omg2 ©0503 ©05006:00E§E20p5
O Flow meters esomgp: 6050p ©05008:00E8E2001
O DP pressure across condenser 03E:0a8E20001
O CWS and CWR temperature [qE[gE[gE cwnl:8Eaq€ efficiency deomEzoopdi

Rule of thumb: Condenser water supply temperature o3 1°C §6e3:0& eaqpg§cag€ chiller
efficiency 2-3% Seo&: concB&epdi

(0) Condenser water supply temperature [gEonc5cone[gE:el 3a6[gd sacfopE:en cooling tower qpsai
heat rejection eeomEseamalopé [§620p5i (Problems with high CWS temperatures are caused
mostly by non performing CTs)

(J) Condenser water flow rate eoqpspdigCseloppCoopds chiller o€ condenser water return
[4€0ocd[g8: [gBecl§Ea0pSn

() Condenser water flow rate cogqpsSigEselop€ chiller condenser 32038 tube qp23a0E:5
8:e0C:050005 Ga@anqiEenypspd:0m laminar flow [g®edlq) chiller efficiency
320594 Crog2:8E 0000

() Condenser water flow rate cogqpspSsgselopC tube fouling SqpsconBs condenser saturated
temperature 3[g¢oo00008E2000n Aapproach temperature Sgpsaoncd6wpdi Chiller gseatodsdy
Sqpzcon cB%epdi

(§) R134a o} 320%(gdon saturated condensing temp 2005 35°C cocdspS:qepd Chiller 2005 full load
[§¢ eentiesa0pd sacfgEaesope approach temp 2opb 10C coob 86qepdi

(@) Annual shutdown (ASD) maintenance $609 [gjapbeo:a0&aogbi

(o) Auto tube cleaner retrofit (Can maintain approach temperature to less than 1C) ATC qp:oo&

soaoigCselopE App 03 1°C coodogpiesnt 3a[gondides 0dS:000:§Ea0pd

(9) Water treatment result gp:o’ coodOwS 0desos(review) 20&o0di

0.G Compressor Surging
(0) Compressor surging 3380056[god(continuous) [gdedl[gE:elopE compressor eudomsé oo0dqé

(bearing)qpzopd [g8c0od [gyce) 0q$€a0pd dB3adqad8sq (irreversible damage) [gded§Ea0a5N
(J) Refrigerant test 1 oil test | motor mega test | drive alignment ooaé annual shut down

maintenance  cRGCSigpid  $600  O0§[GERd  GusoCaopdli  BrpdeSigpiaopd  predictive

maintenance [g®oop

() Condenser water supply temperature 1 flow rate i tube cleaning ©20p50303 208eagpesmEgapdy
compressor lift o3 design levels 93 cepadesxnt [gopdeodgs(restoration)
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Chilled Water Plant Energy Audit (Ceppieledleptont )

Centrifugal chiller gp:opE Surge [gdedqoopd sacfopC:qp:

(o) Cooling load $p54gC: a3eupad chiller loading $p5gEs

() ewnl:es0000 condenser water flow rate a0pS design condenser water flow rate cooSeo0dge:
(Ba3s054gE:clo3pE compressor lift Sgpzcn[gs)

() condenser water supply temperature [§&[g€: (323 supply temperature [4&[g€:c[o3pE compressor
lift dqpzcongl:)

(G) Chiller 32038:5 ee§:eqeg(vapor) coo(air) ©20p) non condensable eodegyps refrigerant qpsst
20y GepesIgfes(gt:

(9) Chiller =o0pCsy  refrigerant gps§oof  §adod0pd vwdancocd  eogpspbies(ats(insufficient
refrigerant charge/ under charge)

(©) Chiller een€iegaopd =o§§0pE compressor oo suction pressure o3 8&&:pboo:000d
Bzans(design pressure)oood §6633E 9bupqS[3soadat: (attempting to pull suction pressure
lower than design)

0.§) Compressor Lift (Evaporator Side)
@es0ntqepd 329053000y

Chiller water supply temperature o3 08680:005008:0080h 0032535 chiller water supply temperature
§6[gCselomC chiller g&:3aEadsgy Sqpscddupdi
(o) Chiller water supply temperature $5[gC
0066londd) setpoint o3 wsogtsgn set consdoooda0pdI(Wrong setting)
Chilled water supply temperature sensor qo8ses[gCs g, 03E:[g:(Faulty temperature sensor)
() Evaporator saturated temperature §665[gC: o3wupod high approach temperature [gE[gCs
Evaporator 35038 copper tube gpiel =00pC:sdqodsnlgE podeoues[gls(dirty tubes)
condenser water $C chilled water 038&:0000qi€ chilled water a0pd podeo[gts(dirty) [gde$
Soopsoopdi saonddefoptadeadd chiller water 2000 closed circuit loop [gbeoonejopé

[§62025

Chiller 030g€ refrigerant $p5:e5[g€ (Under charge of refrigerant)

Chilled water supply temperature o3 [§Cq] conC:8E6pd $pb:0digpzo’ gpagaoaopdi
Off peak 32§$03¢ chilled water reset cp520&a000

AHU gps§ 006s080o:a0pd flow control modulating valve qpsell position $& actuator o303
0668020082005

Oversized the chiller plant [§dogC reset CHWS temperature cp0q§ 320305 329832008
(opportunities) Sqpzoopdi
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Clepatieclostont Chiller Plant Preliminary Audit
Hgod3c00De g 0pdesepyp: (Sources of information)

O BAS

O Chiller panel

O Flow meters

O DP pressure across condense

0.6 Chiller Water Supply Temperature §g[g€:
Rule of thumb: 1C rise in CHWS temperature will improve chiller efficiency by 2-3%.
(0) CHWS temperature sensor &, 09E:650l0n cBapuSaogaopd

() Evaporator saturated temperature 85[q€: $& evaporator approach temperature [4&[g€:(qpsgS:)
olgdeog$ cod3gjootaobi

() Annual shut down [gopSoopbsadl refrigerant analysis cpO[gEsE tube cleaning cod[gE:0303 Alaze)
[giopSo0E205n

(G) Water treatment qroSqpso? $o§ 0de80500&a000N

(§) CHWS temperature [§&¢) cen&:§E0pd $pb:c0bigqpa sagtaaces(opportunity)o? spegoo&aogd
(6) Building Automation System o} saad|gij] CHW temperature reset co68E0pd $5sqp: 1 feature o3
§pega&aopdi

J- Pump Preliminary Audit
9eeonEiaepd saqI0daac0ndyp:
O 0§2005008: (age of the pump?)
Pump design efficiency
Pump motor efficiency
Pump head
Secondary pump gqpsonSsoCooniges §i of
Pump kWs $& efficiency (KW/RT)
Condenser water differential temperature §§ CHW (What is the CHW or CW DT?)
Balancing valve qps 006e0€000igts & o
Throttling of valve gpsonbsoCoosgl: § o
High pressure loss fitting qp:0o0s0C00(gE & 0§

9ea0nEqepd 339053000yt
(0) 00332003 chilled water gp: by pass [§0es[gCs &§i ©§ el (Is there any unnecessary by-pass
of chilled water?)i Chilled water by pass [36edlqo0pd 32800 saelopEisdjsen 3-way control valve

qP2o00s0Coosgl:sE control valve/actuator 20pbecpd[gts 03[gdaogdi

OOoOooOoooooaodg

() Airside 0g€ 3-way control valve qpz 8203 g[g: § ©§ 0dcso:dl

(p) Variable Speed Drive(VSD) oobsooong: § of obeso:dli oodeoCamiag€ 0pSoogd speed(Hz)
[5€ eenties00p503 0de0:dl (Is there VSD and VSD operating speed?)



Chilled Water Plant Energy Audit (Ceppieledleptont )
(g) Control logic $ set point 0303 gPegeod0&:00EAl
(§) Pump inlet and outlet connection o3¢ turbulent [gbedles[gEs §i ©f 0dca0s00Ea5N

(6) oSeupodoopd spoddsEoSlagpisdedies(gt: § of odeso:dh (abnormal noise and vibration)
shaft seal leaking [361 0|36 0&@so:0l

(Q) Shaft seal leaking [g6 ¢[gb 0deso:dl
() Pump efficiency SeomE:coq$ pump inlet $E outlet condition qpsa? odesosdli

@) op[o3ed Bodgieg(reliability) deomEscoq$ pump inlet $E outlet condition qpsa? odeso:dl

o300 0pdesepyp: (Sources of information)

O Pump and motor data sheet

Pump and motor nameplate

BAS ¢ kW, AT, AP ©20p9 00§8:qps ©0050p§Caopdi

Chiller panel ¢ AT

Digital power meter ¢ kW , Volt, Amp 000p) 0058sgp: ©050p8E2000

VSD § display unit ¢ kW , Hz 02000 00§8sgqp: ©050p8Ea000

MCC panel analog V / A / PF 02009 00§3sqps 905098820001

Flow meter ¢ chiller water flow rate $& condenser water flow rate o3 ©050p§Eo005
Pump $¢ Chiller gpsopE oobeo€aonioop) pressure gauges oo pressure

00§ 3:30056] AP 0303050980000
J-0 o§oo0bonbe(Age of Pump)

08gPEEIc00Y60R,356[§2a6s §SE0PY2005008:0005 (0§))$6[gdaopdn (Practical life cycle of
pump is 15 years)

Ooo0ooooOoooao

J-J Pump design efficiency

(0) p§d0pd oosdemPed 0dbeoCaonioopd pump efficiency o0pd =agobiccd pHoodi Pump
efficiency 60-70% [gdogie 05000007 838E20001 L9324l [gdaoEaopd pump efficiency 20p5
80% © 86% 32038+ [gda0pdN

(J) Existing pump motor efficiency 2005 80+% [gdcqC pdqCs(poor)aopdun e38Ea0pd
() Existing pump motor 20p500s¢ re-wounded cpd3[gEalopé efficiency 3¢) pdqE:8E001

(g) Premium high efficiency motor sa008ai efficiency 20p5 94% 2oade0xE:§E 005

J-0 Pump Head

(0) cood§eentseso0pd pump head qpsooRd 3acpSmt: dqps/[gteseydoopdi (grossly oversized,
100-150" WG is common)

() Pump efficiency 0.03 KW/RT g§g$320305 chilled water pump head 20p5 $oSsa0dgé 72 ft(22m)
WG 0005 Jqp2e000&dli CWP head 2005 66 ft (20m) WG [gd20p01

(p) Pressure drop $p5:0005 chiller o3 egegjod[geegC Low pump head g8|(achieved)§Eaopdn Pressure
drop 12" WG co055p5:0005 chiller qpzo? low pressure drop chiller op 2005¢0560p8o0pd
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Clepatieclostont Chiller Plant Preliminary Audit
piping friction losses 02058 Ea0g| 325p54gbesaE [gpda0Ea0p5i (17100 PD)i- Pipe friction loss
o3 6o (000)32gp5350305 1 ft WG 0005 Jugpiooeol

(G) Oe$sdgC chiller plant copd oversized [3620p50p ©besoseop §ogiC piping $¢ airside c3ScoRd:
oversized [96c886pS0y GomadqEAYRE0R0N oversized plant gpsopC piping pressure drop

£660§ 0051

(§) Secondary pumps 026s0€c00igE: § of

(6) Pumping efficiency deom&:eoq§ primary pumps 2800305 secondary pump o3 cuSgp:8€aogdi
Bodqpad modification [gapo§Eaogdi

JG Pump kW and kW/RT

(0) cond§ euntiesaopd of(existing pump) qpsai efficiency 20p5 kW/RT of 0.09 to 1.2 KW/RT of
203C:gdaopd

() High efficiency system gp:og€ CHWP $& CWP efficiency aopd 0.03 KW/RT 0005 3eomEs§Eaopdi

() Pumping efficiency 03 0§05:8Eq$ chilled water $C condenser water differential temperature $&
differential pressure o303 0desos00&o0pbn Chilled water differential temperature 88[g€:0005 over
pumping [g8es[gE:0? ewdlgoopd 3aqi0dlgboopbi Over pumping [g8[gEselo3pE Pumping efficiency
g:ql&%@,oaén

() Off peak hour 0g¢ CHW $& CW o036l differential temperature(DT) 2000 2-4°C 0§3200 §05s
§Eo005

(9) Chilled water $C condenser water differential temperature o3 88[gC:0005 B2a620000005
Bqpeo0pd flow rate [g¢ cuntiego00007 cwdlg[gts(indication of over pumping) (&5

(6) CHWP pressure o3 eagpg)(reducing) §E€o0pdi co€enypoopd sagudsoon: egequdfgé: (proper
sizing) $C¢ VSD control ofg¢ CHW DT eagpspbiesant [gapd8€aopdi Air side control valve
operation o3  3eomCiezntgepd[gtigaopds chilled water differential temperature(DT)
eaqpspd:e30E [gapd8Eaodi

(Q) Condenser water differential temperature 88[gC:0005 chiller 85005 SeomEs(beneficial to chiller)
§E620500p0: system efficiency pdqE:§Eo0pdn Condenser water flow gpsgCselopE system head 3
[gGom g&3aEad:ga(power consumption)aopd a9:0000384g¢ Sgp:8Eo0di

J-§ Balanding Valves
(o) Pressure 862005 system gp: 98ewr0d B ogo[gese gdedoogd system opE balancing valve

qPod 298 ecdmadeon 2-way control valve qpggé eomEsgy control cpd[glsgé AHU oBE:ope
0dGaon05200) chiller water oo g§8E001

() cdogCesaopd(fully open) saclgseesopt a balancing valve gpzonbsofoonsglialops dsans
oJe0Csq (9B 00pdn 8330z oqeotigaopd 3’ WG ¢ 5 WG of 3203E:{g0$Ea0pd

(p) Valve qps? throttling cod[gEselo3pE pressure loss qpecdgepdi
(G) Pump 30gudm0on:0d eSmsesnt egequdlgts(right sizing) o8ewrod VSDs onbsolfge: o [9¢
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Chilled Water Plant Energy Audit (Ceppieledleptont )

cood§|(existing) system gps3 valve qpsa? throttle oo pumping power 03 cagpg$Ea0dI

(§) 00332003 throttling cpSoosg€:ad vudepsgts(removing these unnecessary throttling) 8saos
onjeoCiggpiaopd(high DP) fittings $& DP chiller gpso? saad:o|ggts 1 sagudseeniesongoopd pump
(right sizing the pumps) egzqod[gE:o3gC pump KW/RT o3 0.10 ¢ 0.03 3203 deomEiesmnt
[g1cpE8E2025n 70% saving §§§Ea0p

J-& By-pass valve or 3-way valves

() Bypass 3050005 piping configuration c3c305e) ondeo€anp§oopdn By-pass 30503 header a3wupdh
AHU/FCU og€  onbeoloonenodoopdn  0§gbiaatodide gpieocopdl oodspbiaadge gbsaal
[g§03:ep(waste of pump energy)egpodoopdup e[psEeachaugds system oopdBogy cent:8Eqs
320305 6§e[gd 0bs0Cqs c3m2600p53a8lqs §§E00!

() 3-way valve qp:od ©od:3d 2 way 03 222%{g[gCsgE chilled water differential temperature 3[g&
con§Co0pdn Pump efficiency (KW/RT) $eomCs8Eaopdi

() VSD speed 1 control logic and set-point 020050303 comtign g0:c0pdfd: 200d:qi8Ce00 pump
efficiency comEs§Eepdi

(G) oog],@00> pump gqpsooRd 50Hz [§& euntiesa00503 60p, [gE§E00N 50HZ [9E ewntiesgtielont
g&23aCeg|omg 6[gdoopdme[gt 3¢) 2d:go0pdn saonudelrpEadeand VSD loss (1-2%) elo3p
[§62025u

(§) CT VSD speed 0 CWS temperature o3oupcb approach temperature [g& control cap&aopbi CWS
temperature sensor a300pcd outdoor sensor (dry bulb and wet bulb) §),03Ees[gE:elopC(faulty)
control loop 6omEsgo 3006epd[gE:s [gded 82000

(6) CHWP VSD speed o3 DP sensor [§& control cpboopSi

(Q) 0068loodd set-point gp:0pd ©[gd§E0PY o§Bsgp:  [§Oes000520p0N  (Set-point may be
unreasonable) 00&6lood4) Set-point qpzoopd control cpde) ©g§Eo0pd 0o§3sqps [§0e5000520001

9- Cooling Tower
Cooling tower & performance 2005 of Clo€oogd component qp:oodoqCsdei operation
260 0p¢ ©oopdaopdi Cooling tower $& 2005632005 3ag1053C00AGPEEd
Layout (cooling tower csepg) 02680Ea00:0)
Capacity control cposp5s
In-fill qpscil 3ac[geacs
Fan and motor gp:6i 326[g3265
Belting system gp:ei socfgzecs
Water distribution system o326 & o§
Water level control/Float assembly ©20p5 03 326dl0gE goopda05

I o I I R I

End -
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