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Central air conditioning system o3& Energy ssaddged: Equipmenten Chillero€lgdoogbi
Commercial 226800053585  OEdAldeMN:BeeecdCiel  o%aeoyPod  Air Con
System oo 232820051 33680005228:00090%: &1 (qOodSlodsId%:Be (Energy consumption)
2005 chiller plant room & efficiency a6dlaR¢ ponpboopd

Chillergpeadondeo€aoniongd compressor B§peo00:sC condenser

Bpooned a€oopde) elpedeny§oopdi condenser copbecoadsaaddy)g Heat rejection
[gepSegi€ Air Cooled Chiller vpo05edd(G: eaEdsaadiys] Heat rejection [gopdogE Water
Cooled Chiller 0p200590b000N  =padiyco:000d compressor  3a§seaon:000d  chiller
3§s2000:300:33[gd 200de0deslado0pdi Centrifugal compressor o33s0%4yg) refrigerant o3

compression cpdagE Centrifugal chiller vpesloopdn pows water cooled centrifugal chiller
op€aaadiyjeaon compressor G§jgen

(on)Reciprocating Compressor

(@) Scroll Compressor

(o) Screw Compressor

(20) Centrifugal Compressor o [gdaop5

Chiller qpsei performance eomEeeomE:ad Chiller gpsel efficiency [g¢ §E:urdeoodi
Chiller efficiency o3 cooling 028 unit cpoSeo:q (produced) 20305 q60dg&:3E 0pdy

320%4g00p503 ABE:0m4) algpenpdoopd

English IP System 220305 Chiller efficiency ¢ kW/ RT [g&2000u

kW/ RT = kW input / Tons of refrigeration (RT)

SI metric system 320305 Chiller Efficiency ¢o COP ( Coefficient of performance ) (620001

COP = kW refrigeration / kW input

kW refrigeration effect = RT x 3.517

reciprocating compressor §§ scroll compressor gp: sgof?:blooosooé Direct expension

Refrigeration unit qpsog€ Energy Efficiency Ratio (EER) o3saa34g00001

Energy Efficiency Ratio (EER) = Cooling capacity (Btu/ h) / Electric power unit (W)
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P e P oS S - e e o
Efficiency com&weomt:ad elgpgé full load (100% of rated capacity) oo&9onpSiadam
[38qefupsdqse(gdsEn port load condition (90%, 80%, 70% ©20gd) & efficiency o34
c0pdag8s  Gudlyeno§oopdn  Chiller cpodopbonwon 83600805 Technical Data gp:od
:20{g[opgP: egEqudg$e0R05 GusgEoRdI

% of Loading

Chiller A Efficiency

Chiller B Efficiency

100% Loading

0.55 kwW/ RT

0.54 kW/ RT

70% Loading

0.65 kw/ RT

0.61 kw/ RT

20dE]  3680005353:000961  chiller plant room 205 100% Loading o3&
S 355:c050060EG qSeagSIogP:pen 70% Loading og€ewntiepSeddmn Chiller B
BegequSa0&o0di

320000¢) Chiller egequdq§enogad Actual Cooling load profile 03 0q8¢ 1 ©a38Edlon
ILPV rating 0332034qg) Chiller performance o3 ©bes0:§Eo000n ILPV 2005 Chiller sagps
eendieapdoopd ( common operating conditions ) saefgEeesod Soefgde) 0305000005
Weightage Efficiency [gdaop5i

IPLV = 1/[(0.17/A) + (0.39/B) + (0.33/C) + (0.11/ D) ]

Where A = kw/RT  at 100% Load
B=kw/RT at 75% Load
C=kw/RT at 50% Load
D = kw/RT at 25% Load

IPLV &3a0p0¢n Integrated par load Value [9doopSi Actual loading o ©o38&

0g8&aomalop¢ Chiller 3agpieedtsoopd KO3 o8 oS 0grdgd[gCiydoodi

Chiller Loading (%)

Operation Hour (%)

100% Loading

17% of operation Hours

75% Loading

39% of operation Hours

50% Loading

33% of operation Hours

25% Loading

11% of operation Hour

Condenser Subcooling

Compressor 0o6cd:00pbs000 ( Multistage wopodoopd Chiller ) dlaopd Chiller gpsoge
liquid refrigerant o3 subcooling cpO[gEdyC refrigerant’s effect 38qpzaonaopdi B elope
chiller efficiency copSedeamEsaonangdi
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Chiller System qpp:320305 Energy Saving $05:@om&:qp: (3§ ) Simple Chiller Plant Optimization
Strategies

(o)

(®)

(o2)

Fixed start/stop Vs Optimal start/stop

Fixed start/stop a32005¢0 chiller plant room il 65 0po0dC cunC:§§sC q5§503.03
060 200de0d0ogtydaopdi  Jigpoopdfydeor  espoopdgdee  Gwl:§SsE
q0§$a3, ¢ we[padao

Optimal start/stop 83a0p5¢n $s05§S0aE outdoor temp 2095 0050050002005
20F8000d §6es0lon chiller plant 038sd20500:c0d con¢ad{Bio oonewntdgls
qOqepdmeg§00ad 050§ §o§ocd3acBes 0pC Sigp[gls outdoor temperature 20pd
2005905002:000) 20§§0c00H88Cln chiller plant o 8sdsag05:ccdeog] Shutdown
c00[gC:aB [9doopdi  epaBpopadcadodgeopd:  Optimal  start/stop  timing
o3eg:quS§Ea0pdi

:§Sopdq  (B50) oso0doqg  ewnliqepdod  outdoor  temperature o
08 65:0905g058E20p01 vpdgieoncon shutdown load cwSquRdn outdoor temp $&
Building 20gu53202:030305¢) 9§ ¢§:8E005 32680005208{03ken:cq€ Thermal mass
qp:eooneope 36e000d3Rim0p8ig Fa63a:6l0d00p5 indoor temp o Jogpgpded
03830008 Eg&s0odi

Leaving chilled water setpoint with constant primary flow.

VSD 00bs0aonigtiedd Constant speed [gGewnCieom Chiller plant gpsope
leaving chilled water setpoint reset strategy o3saaddy§EoopSi Leaving chilled water
& temp o3 1°C [g€cdod§[g¢ Chiller energy consumption & 1% o3, 1.5% o3
eogpq§€oopdn  Save  cw68Eaophi  Building  automation  006e0€000:0005
3268000535390 Air Handling unit $& Fon Coil unit o3 el chilled water control

valve position o3 [03004] reset [gjcpd8Ea0p5

Chilled Water reset[gop6§Eo0pdse5:qp:

Resetting chilled water setpoint based on outdoor air temperature

Outdoor air temp [gEog€ Building heat load qpzoopdi outdoor air temp 2095
2005905002:000) 220§S00d9xBEGyC Chilled water, setpoint o3[gESEa05m
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(®

(0)

(w0)

powzige oCompdEea outdoor temp 20pb 32°-33° C [ydeamaelopé Building
Cooling Load 2095 33°C o3ma6[gde) 0godoonzoopd sacnudq) outdoor temp 2005
29°C 22a88650E:c0nay€ chilled water setpoint o3 [¢E8E200u

Chilled water temp (°C) Outdoor temp (°C)
6.7°C (Standard) 33°C (Standard)
7.2°C 29°C and below
7.5°C 27°C and below

Resetting the chilled water set point based on total building load.

060053300096 0dgdom  load  profile  oBsns0pS[Gies00d
Building cooling load o3 32¢[gdq) chillend water reset [geo68Ea0p5 cooling load
oeoCsanag€ (86coag€) Chilled water temp o3 [gEe0s§Eo00b 36000535
gl Load profile 2005 3a[gpieacsonndendiondesi Load profile $Eeo388
88m6e00053B:81  Load  profile  $§&ooeagfeom chilled water setpoint o3
§PeYE0D200:000:00& 200N

Resetting the chilled water setpoint based on summer/ winter mode or time schedule.
cg8:6a008:epaBpop03cdodq)  Chiller water setpoint  o3e[ypE:5§E20001
Ggepadeizg6sed: chilled water setpoint &0 6.7°C [gdog€ esonCsepadondengpadad:
& 3086ed: setpoint &> 7.2°C [§08§E20001 so0udelopéadeadd ceonliepaBogt
outdoor temp ¢ 8&eomaeoE setpoint o3gEeusgElydaopd
2807008883030 305¢copd: setpoint o elpE:d§Ea0p51 Shopping
center 00d920p5 po 00 §0§0g¢ Chiller shutdown CROg§a00500dcoGE Po © §0§7
(33,) @ §0§22§50p¢E chilled water setpoint o3 8.5°C 3203[gEaon:§E0p5m Shopping
Center 08050 o §0§320803C Customer qpespSeogs(gls 1 Shopping 3203E:§e05qp:

B¢ ©2%:602[gE:03,6lopE[gdaopdi oJ0pad, cooling load o3 predict Cv6§EgE
Chiller &izacpCs§ o3omgpse  unload cpOeRdFEE3 weonéad chilled water

setpoint o3 [g¢[gE(g¢ chiller 3g0f0o€ unload cp6$E:fgEeyd205N ($ 13.7 ICS).

Resetting the chilled water setpoint based on AHUS and FCU control valve position.

Building automation system (BAS) aizaop=apd[g¢ AHU $& FCU sosads
(03,32429) & Valve position 630380001 Control Valve gpsgansads
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(03, 00p0535¢P:p) &1 position (%) 2005 valve 0odg[gEsdell position (%) 03eAEG:
valve 32663203055E0gCs [gd20pdn Valve sanxad:ei position (%) 9025 90% cocd
eopesdon chilled water setpoint o3 §660:00&20001 Valve 320:08:61 position ¢
90% coodypses[gtsoopd Air Side (Demand side) § cooling load 38c8eabe5gEs
[§62025

Valve 220:0: 6l position 20p5 90% $¢ 70% 320pE:§0qIE Supply Side ( Chiller
Side) $& Demand Side ( Air Side) & cooling load 20p5 P8ges2005 (Match) vp
3283105 200566p0H20p51 003§ Chiller water temperature 2005 226078:90:
Setpoint (452051 c06850epropdiecd codfgCogpopds vadsadeon

Valve 3o0d: & position 20pS 70% ocoodspdscqiC Chilled Water setpoint
B[gE8E00n cwad§ chilled water setpoint 2005 00decdoon0Ed  Fo[gCed:
setpointad, eeepodeooing€ cod[gE8Ea00N FalgCad: setpoint o8 eepadesayt
soogEes ecdeonsol

v

Determine position of
each valve

v

Determine valve open most
(POSyax)

Decrease Increase
pressure pressure

setpoint setpoint
¥ \ 4 ¥
A 4
DelaD
v

Figure 4.26 Control strategy for optimizing variable speed chilled
water pumps.

OopElgoonsaopd  chilled  water reset strategy & control  logic
$6300501203¢E: (52051

ocoodigy  Maximum  setpoint 00§03:$¢  Minimum  setpoint  00§53:03
32EB00g$ c3z00005

Valve g20:0:6i position POS,,,, 03 326[gde) 323C: o 3C:39%
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POSyx 9020 90% coodypsag€ Minimum setpoint cepodecepod0desoigs |
005§ chilled water setpoint 20pd 2005005000:0005 Minimum  setpoint 93,
©6gPa5ea0sdmn 0.2°C 880 2g$3500:c05 6on¢[3d0N

c005§ Chilled water stepoint 2005 Minimum setpoint 98, ( Valve san:d:el
position 20p5 90% Go3Pes20gIEI0005dE ) Geprd20pI03E [gapde0pd

POSy, 2005 70% $& 90% 320309[gddlon cond§ chilled water setpoint
Be[gpacdes ocdeor

POSyx 9020 70% coodspSedon Maximum setpoint cepodecepododeeoq

005§ chilled water setpoint o0pS 2005005002005  Maximum - setpoint
a3, 66epedeo0:dlon 0.2°C codgEall a0decdomaopdzads saspbicodeantogpddi
005§ chilled water setpoint 2opd Maximum setpoint o, ( Valve 320:0(:6i position

POSyx 9905 70% 00055p5:65204| 030000050%:) GePada0p503¢ [grpdeaopdi

A
Condenser
m L
- S I Te— Increase in chilled | .-~ o
i dp g water temperature/,’; EHRg——
o eviesw ff Lo B o
¥ H Reduction in
Evaporator pressure differential
due to increase in
evaporating pressure
=..
Enthalpy

Figure2.24 Pressure—enthalpy diagram showing effect of increasing
chilled water temperature.

200050 P-h diagram 2005 vapour compression cycle 008903 Gw5goosoopd
Compressor ooé evaporator pressure ¢ refrigerant of) Condenser pressure

:2036epade3:E Compress oS

Condenser Pressure — Evaporator Pressure = chiller Lift

Chiller Lift 2095 chiller compressor &l 32006006qEoR00wdN (amount of work done)
[gd20p5n R22 refrigerant o3saaddya0pd chiller compressor & Lift 2005 xxx [gdaopdn

R-22 refrigerant &l
7°C & Corresponding evaporator pressure ¢ 621KPa [gdaop5i

8°C &l Corresponding evaporator pressure ¢ 641KPa (9005
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29.0 & Corresponding Condenser pressure ¢> 1162KPa [gdoopS

Chiller setpoint o3 7°C ¢ 8°C a3 [g€onEc8adag€ Compressor 2005 621 kPa (7°C) ©
1162 kPa (29°C ) o3, compress cpbeepdsaon: 641 kPa (8°C) ¢ 1162 kPa (29°C )
a3 oo compress cwOqEpdl B eloPE  20kPa  coodomagaeomelopE  Power
Consumption copbsspbsaonaogd

(c) Resetting the chilled water setpoint based on return temperature

Chiller qpsel standard (AHR1) CHW supply temp &> 6.7°C [9[g: CHW return
temp ¢ 12.2°C [9620p01 CHW return temp 20p5 12°C ¢ 10°C 93 030C:c00dlmn
CHW Supply temp o3 [gCeu8Egllgé CHW return temp o3 83C:mp§§ 12°C
a3 [g§eepodeosEoodn CHW return temp o0pd 8&&mo§s 12°C ¢ 10°C
a3 oqeotiana0p5en Cooling load $pb:aneamalopElgdoopdn (CHW flow rate ¢o
e[gpCicdgod) (constant) vp opsogEded gt saefgdaopdi)

Variable flow system o3& Cooling load o5& CHW flow 200$005090:0005 CHW
return temp ¢ elgpEicdge§eon od clopE oopad, reset cprd[gt:od constant flow
system 320305000 32004g8Ea0pd

Variable flow CHW pumping system o€ CHW Supply temp o3
[4EcBcdeomelopE Chiller Efficiency 3eomEcon§§ogE Higher CHW flow rate
c3z060mae(opé pump gpien ejzacpdandeoopdi o elopE more pumping engery
832000001 chilled water reset cpO[gCifgé seopgpiogp:od Chiller $& pumps
50908 energy consumption colog€ ogodureepd

A
£ Optimum Overall
= \ :
x \ \ ¥ _—"(chiller + pumps)
3 e N Chiller
& S -
A e ——
9 ) =
o O L ' Pumps
>

Chilled water supply temperature

Figure 2.26 Effect of chilled water temperature on chiller and pump
efficiency.

60zE[goonsa0pd3a03E: CHW Supply temp [gGoonfgEseloppE chiller & efficiency
¢3eomEianaopdi  Chilled water pumping  Efficiency 20p5  oe08sconaogdi
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Optimum operating point 2005 overall efficiency ( chiller $& pump $&§zocd: )
:[4Csd: point [gdaopbi Optimum operating point 2025 chiller $& pump o3 &l
performance characteristic 60lo3€ ©ooodBr 32680005353:03c805¢] elypE:cdgdaopdi

Variable Air Volume (VAV) Air Handling Unit qp:ooé CHW supply temp
[4&[aE:clompE blower motor i power consumption Sgpzcon§Eaopdi

2060005603, §qodqPisaq | supply air temp 11°C to 13°C [¢¢ 8&&:
00600020005 AHU gps 1 6en8:e0005 AHU qpe320305 CHW Supply temp o3 8.5°C
(47°F) 320030[gCadi00m2q) reset cpd8E005

Air con system & AHU 93, FCU cooling coil ¢p:oopS sensible cooling
G02goDem GrOCde Moisture (water vapour) o3copds vudoaddeudgyé indoor air
& Relative Humidity o3ad§:cos0omo0pdl Geoode moisture  GBeud0005§Egd:
(removalability) 20pS CHW supply temperature edlogE @onpboopdi Cooling Coil &l
208000 eeoel Dew point temperature  cocd8&womay€  dehumitification
(moisture removal) [gd$E20p01 CHW Supply temp [gEconecoeco dehumitification
[49g spd:000e00G00 [gdoopdn o clopE conditioning space og€ Relative humidity
(%) [g€0m oc8memadaopd IAQ [gocosogp: [gded con§Eaopdi

- End -
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