ENERGY EFFICIENCY MANUAL
by Donald R. Wulfinghoff

List of Measures and Reference Notes

This is a complete listing of the Measures and the Reference Notes in the Energy Efficiency Manual,
along with the page numbers where they are found. This list is intended as an aid when using the
Manual. It should NOT be used alone for selecting energy conservation activities. Developing a
rational energy conservation program requires the Ratings, Selection Scorecard, Economics, and other
selection guides that are provided for each Measure. Refer to the Manual for detailed guidance in
accomplishing each of these Measures and keeping them successful. For extensive information about
the Energy Efficiency Manual, visit:

www.EnergyBooks.com

Section 1: BOILER PLANT

Subsection 1.1: EQUIPMENT SCHEDULING AND OPERATING PRACTICES

1.1.1 Minimize the duration of boiler plant OPEratioN. ...........ccceveiiiiie i 20
1.1.1.1 For applications with regular schedules, install clock controlsto start and stop bailers. ...................... 22
1.1.1.2 In applications that require awarm-up period, control boiler operation using

an OPLiMUMESEAIT CONMIOIIEr. ..o.vieieie et e st e s e et e beeaeesresreestesreeneenrens 23
1.1.1.3 If the bailer plant is used only for comfort heating, limit the operation of the boiler plant

based on the oUtSIdE AT LEMPEIALUIE. .....ccviceeeie et sresreenaenre s 25
1.1.1.4 In applications where automatic starting and stopping of boilersis not desirable,

use automatic controlsto signal the starting and shutdown sequence to operators. ..........coceveevvevienen. 27

1.1.2 With multi-fuel boilers, select the most economical fuel on a moment-to-moment basis. .........ccccceeevieene 28
1.1.2.1 Install automatic fFUEl ChANGEOVET. .......ceciiiieieie e sttt nae e ann 30

1.1.3 Operate boiler auxiliary equipment consistent with boiler operation and load. .........ccccoeeevviieceieieennns 31
1.1.3.1 Interlock auxiliary equipment with the boilersit SErVES. ......cccocveceiiiicie e 33
1.1.3.2 Install power switching that prevents unnecessary operation of spare pUMPS. ......cccceeeveveceeveceeenenn 34

1.1.4 Didtribute the heating load among boilersin the manner that minimizestotal plant operating cost. .......... 34
1.1.4.1 Install an automatic boiler scheduling CONtFOIIEr. ........ooviiiieeec e e 38

1.1.5 In steam systems, keep steam pressure at the minimum that satisfies equipment
=g To lo (1 ] oW 1Ko N = o (BTN = 0= S 40
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Subsection 1.2: BOILER PLANT EFFICIENCY MEASUREMENT

1.2.1 Test boiler efficiency on acontinUING DESIS. ......ccccciieiiriir i s e e 44
1.2.2 Install efficiency instrumentation appropriate for the boiler plant. ..., 54
1.2.3 Calibrate boiler plant instruments at appropriate INLENValS. ........ccccevieeiieiir e 57
1.2.4 Keep operators proficient in using instrumentation to maximize boiler plant efficiency. .......ccccceveeenen.e 58

Subsection 1.3: AIR-FUEL RATIO

1.3.1 Optimizethe @ir-TUEl FaLIO. .....cceecieieeie e et e s e s e eee e re e sreesaeesanennnas 60
1.3.2 Install automatic air-fuel MiXtUre CONIOIS. ....ccuieieeiie e s 65
1.3.3 Adjust and repair air-fuel ratio CONIOIS. ....ocueeiieiec e e e 69

Subsection 1.4: BURNER AND FAN SYSTEMS

1.4.1 Clean, adjust, and repair burner assemblies at appropriate iINterVals. ......cccevvvevceeveevie s, 72
1.4.2 Eliminate air leaksin air casings, blower housings, and connecting ducts. ..........cccceevievieveevieeveeceenne, 74
1.4.3 Inboilersthat arefired at inefficiently high output, reduce the maximum firing rate. .......cccccceeeveerenenne. 75
1.4.4 Install burner systems that provide the best efficiency and other features. ........cccoevevivvcr e, 78
1.4.5 Replace the motors in burners and fans with models having the highest economical efficiency. .............. 89
1.4.6 Replace continuous pilot flameswith electrical ignition. ..o 89
1.4.7 Install variable-output fan drives on large forced-draft and induced-draft fans. ........ccccccevvvecvvcncce e, 90

Subsection 1.5: DRAFT CONTROL

1.5.1 Adjust draft for maximum effICIENCY. ....cccoiceiiieecre e s e re e s ennas 94
1.5.2 Correct defects in flue systems and boiler room ventilation that cause draft problems. .........cccccvveveenne 99
1.5.3 Minimize StAandDY [OSSES. ......ccciieiiiiie it erie e e s e e et e et s e s a e e s e e aeeete e teesreesreesneesneesnseenseenseenreeas 102
1.5.3.1 Control al fansin the combustion air path to stop, and all dampersto close,
When the burner ISNOL FIFING. ..eeoececcc e et e e e e e ere e 103
1.5.3.2 Install an automatiC flue amPEr. .......oooe e e e 104
1.5.3.3 Install aburner assembly or boiler that minimizes standby 0SSES. .......cccvcveierieere v, 106
1.5.3.4 With cycling burners, adjust the controls to minimize the frequency of firing cycles. ........ccoc........ 106

Subsection 1.6: FIRESIDES AND WATERSIDES

1.6.1 Clean firesides at appropriate iNtEIVAIS. ......cccoiceiiiiriieie et e e e e e e s e s eesne e sneeeae e reesreeas 110
1.6.2 Install soot blowersin boilersthat burn sooting fUElS. ........coveiee i 112
1.6.3 Optimize SO0t DIOWEr OPEFELION.  ......eiieiiieeieeiee ettt e e e et e e te e s re e saeesneesneesneeeseenreensneas 115
1.6.4 Clean watersides at appropriate iNLEIVAIS. ......cccvcceeiieeriee e ser et e e se e esre e e s ee e re e e ste s reeaeenreesreeas 116
1.6.5 Avoid leaving waterside deposits when deactivating BOIlers. ........coocv e, 118
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Subsection 1.7: COMBUSTION GAS HEAT TRANSFER AND HEAT RECOVERY

1.7.1 Install aflue gas heat exchanger to recover additional heat. ...........cccevieviiie e, 120
1.7.1.1 Install aconventional (NoN-condensing) ECONOMIZEL. .......ccccvevieereereesee e e ereeereeese e s e see e snae e 121
1.7.1.2 Install aheat reCovery air PreNEELET. ........cccciieiiieiiei ettt esae e re e s reesneesneesnnas 126
1.7.1.3 Install acondensing ECONOMUZES. ........ccccviieeieereereeseeseeseeerteesreesteesseesseesseesseesnseeseessesssessseessessnsesnses 129
1.7.1.4 Install awater spray heat FECOVENY UNIT. .....coceeiiiiiriie e eie e et e sae e e e ete e re e e e s neesnaeennas 131

1.7.2 Infiretube DOIErS, INSLAl TUMDUIBLOIS.  ...ovveeeiieiiieeeeee ettt e et e e e e e e e e e e e e e s seerarereeeesessanrereees 133

Subsection 1.8: CONDENSATE, FEEDWATER, AND WATER TREATMENT

1.8.1 Test and treat boiler water on aContinUING DASIS. ......ccceeiieieeiie e nre e 142
1.8.1.1 Hire aqualified consultant and contractor to perform water treatment. ..........ccccocevievirvce e cceeceene, 150
1.8.1.2 Install automatic water treatment EQUIPIMENT. ......ccuiiieeie e re e e re e e e sre e s esnae e 152

1.8.2 Control top and bottom blowdown to maintain required water quality and minimize waste

(o oo 1 1= R = = R TSRPRR 153
1.8.2.1 Install automatic DIOWAOWN CONIOL. .....ouieiei e e 157

1.8.3 Install blOWAOWN NEBL FECOVEIY. ...t e e s e s e e sneesne e sneeereenreesrneas 158

1.8.4 MaximizZe CONAENSALE FELUMN. ......eeeiiuiieieierteeieste st et e s teste e te s et st e tesaeeeestesaeebeseeeneenbesaeensensesaeensesresneeseesnes 163
1.8.4.1 Recover the heat from condensate that must be discarded. ... 166
1.8.4.2 Recover the energy of high-temperature condensate that would be lost by flashing. ... 167

1.8.5 Keep vacuum condensate Systems Operating ProPerlY. ..o iriieie e reesee e see e et re e e enreens 169

1.8.6 Replace pump motors with models having the highest economical efficiency. ......cccccvccvvevicvnciecieenenns 171

Subsection 1.9: FUEL OIL SYSTEMS

1.9.1 Adjust fuel oil temperature to provide the optimum viscosity for burner efficiency. ......ccccceevieveennenns 174

1.9.1.1 Install automatic fuel oil viscosity COntrol @qUIPMENT. ......cccccveciereeiee e 176
1.9.2 Use the most economical heat source for fuel 0il heating. ........ccccccv v 177
1.9.3 Usefuel oil additives to improve combustion efficiency and/or improve other fuel oil properties. ........ 178
1.9.4 Replace pump motors with models having the highest economical efficiency. .......ccccocvvvvicvicecieeienns 180

Subsection 1.10: STEAM AND WATER LEAKAGE

1.10.1 Monitor DoIler SyStEM WaLer [OSS. ......eiicecieeee sttt s e e s e sne e s eeereenreenreeas 182
1.10.2 Locate and repair steam and water leaks at appropriate INtErValS. ......cccovcveceecieciieesee e 183
1.10.3 Usethe most efficient type of steam trap for each application. ..........ccccooveviirieiie i, 187
1.10.4 Test and repair steam traps 0N a ContiNUING DaSIS. ......ceceeiiriie i e e e nree s 198

1.10.4.1 Install accessory devicesto assist in steam trap diagnoSiS. .....ccevcevvcerieereere e 203

1.10.4.2 Hire specialiststo perform periodic steam trap iNSPECLIONS. .......ccceeveeveereereesiee e e e e eree e 207
1.10.5 Recover heat and water from SEEAM VENES.  .......ooiiiiiieeie et 208
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Subsection 1.11: CONDUCTION AND RADIATION LOSSES

1.11.1 Locate and repair defective insulation on all heating plant equipment and PiPiNg. ...c.ccocevvceeveereeniens 212
1.11.2 Minimize cooling or ventilation of pipe tunnels and other unoccupied spaces

surrounding hot distribution EQUIPIMENT. .........oiie e 216
1.11.3 Route combustion air to the boiler by a path that recovers heat from the boiler room. ..........ccccee. 218

Subsection 1.12: SYSTEM DESIGN FOR EFFICIENT LOW-LOAD HEATING
1.12.1 Infacilitiesthat operate for extended periods with low heating loads,

install asmall, EffICIENE IEAH DOIET.  ...eeeeeeiieeeeceeeeee ettt e e e e e e e e e e e e s e e s e e e e e e e e s s aesssrereeeeses 226
1.12.2 Install localized heating units to allow shutting down the central plant
during periods Of IOW 10a0. .......c.oooeeeece e re e 230

1.12.3 If itisdesirable to reduce the boiler operating pressure, eliminate high-pressure steam users or
provide separate high- pressure Steam DOIErS. ........oovi i 232

1.12.4 If afacility has several boiler plants, provide cross connections that alow shutting down the
least effiCIENt DOIHEIS. ...ttt bt et eesre e e sae e e e e 233
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Section 2: CHILLER PLANT

Subsection 2.1: EQUIPMENT SCHEDULING AND OPERATING PRACTICES

2.1.1 Distribute the cooling load among chillersin the manner that minimizes total plant operating cost......... 240
2.1.1.1 Install an automatic chiller scheduling CONtrolIEr. ........cccoviieciiice e e 243
2.1.2 Use automatic controls to shut down the entire chiller plant when thereisno cooling load. .................. 245
2.1.2.1 Control chiller plant operation by sensing the end-user coolingload. ..........cccoccevvviieieiiccevececee, 246
2.1.2.2 Limit the operation of the chiller plant based on the temperature or enthalpy of the outside air.......... 247
2.1.2.3 In applications with regular schedules, Use time CONrolS. ........ccooveveiieve e 249
2.1.2.4 In applications where pre-cooling is required, use optimum-start controllers. .........ccccevvvvvvevennenne. 249
2.1.2.5 In applications where automatic starting of chillersis undesirable, use automatic controlsto
aert personnel to start them ManUaITY. ......ccooieiiiiie e e e 250
2.1.3 Turn off and isolate heat rejection equipment when the corresponding chiller turns off. ... 250
2.1.4 In plants with multiple water chillers, minimize the operation of chilled water pumps and isolate
Lo 1R =Nz oo = (o] SR 253
2.1.5 Install power switching that prevents unnecessary operation of spare pUMPS. ......cccceveveveeceeseseeeeesnenns 260
2.1.6 Turn off compressor sump/crankcase heaters during extended shutdown intervals. .........ccccceecevvivenns 261

Subsection 2.2: OPTIMUM OPERATING TEMPERATURES

2.2.1 Keep the chilled water supply temperature ashigh as possible. ........ccccovveeviiicce v 264
2.2.1.1 Reset chilled water temperature ManUAITY. ........cccoceieeieieeiese et 265
2.2.1.2 Install an automatic chilled water temperature CONrollEr. ........ccveveieiieie e 266

2.2.2 Optimize the condensiNg tEMPEIALUIE. ........oceeiiiiiieeseieese et ste ettt e e re s re e sresreentesaeennenre e 267
2.2.2.1 Adjust the condenser temperature ManUallY. .......ccoeoceiiiieiien e e 270
2.2.2.2 Install automatic condenser temperature reSet CONtIolS. ......ccvieveeiiiieieseseere e 272

Subsection 2.3: CONDENSER AND EVAPORATOR HEAT TRANSFER EFFICIENCY

2.3.1 In systemswith open-loop cooling towers, clean condenser tube watersides regularly. ........cccccevvvevennnne 276
2.3.1.1 Install automatic condenser tUDE CIEANEIS.  .......ooiiiiiiereee e 277
2.3.2 With water chillers, clean evaporator tube watersides at appropriate intervals. ........ccoccevvevivieeievesieennens 279
2.3.3 With wet condenser cooling systems, test and treat cooling water on a continuing basis. ..........c.ccecveune. 280
2.3.3.1 Hireaqualified consultant and contractor to perform water treatment. ..........ccceeevvvieevesenceese e, 282
2.3.3.2 Install and maintain automatic chemical FERUEIS. .......coveiririiiri s 282
2.3.4 Inwet cooling systems, adjust the bleed rate to maintain proper water conditions with minimum
{VLz = oo 01 W 01014 o TS 283
2.3.4.1 Ingtall and maintain an automatic bleed CONIol. .........ccocoveiiriiiic s 285
2.3.5 Inchilled water systems, install turbulatorsin the evaporator tubes. .........cccccvvvevvvecccce s, 286
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Subsection 2.4: HEAT REJECTION EQUIPMENT

2.4.1 Modulate fan output in heat rejection units to follow the cooling load. .........ccoooeeeveiiccicccccce, 291
2.4.1.1 Install variable-frequency fan driVES. .......cccooeiir i re e 295
2.4.1.2 Install variable-pitch propeller fans. ... e 297
2.4.1.3 Install dual or Multi-SPEEO MOLOIS. ......oocieiiccee e e e e et esr e e esre e saeeeneeere e e 299

2.4.2 In multiple-cell cooling units, sequence the fans efficiently. ..., 301

2.4.3 Clean heat rejection units at appropriat€ INTEIVAlS. ........ccoce i 302
2.4.3.1 Install and screen heat rejection units to minimize debris accumulation.  .........cccccevcivvceececceereesien, 305

2.4.4 In gravity-flow cooling towers, ensure proper water distribution. ..........cccccovvv i, 307

2.4.5 Keep heat rejection unit housings and fittiNgS INEACE. ........c.coceeiiiiiiiieerecree e 308

2.4.6 Avoid recirculation of air through the same or adjacent heat rgjection UNitS. ......cccoceeeveeveevienvcevcieenns 310

2.4.7 Install fan and pump motors having the highest economical effiCiency. ......cccccevvievievie v, 315

Subsection 2.5: PUMP ENERGY CONSUMPTION

2.5.1 Adjust the discharge of pumpsto match system flow and/or pressure requirements. ..........ccccceeveereennn. 318
2511 Trim pumpP IMPEIIEIS. ..ot te e st esre e s aee s teebe e beente e seesreesneeeneeereees 318
2.5.1.2 Throttle pump diSCharge VaIVES. .......c.oooiiiii et et eee e ne e e 319

2.5.2 Install variable-flow chilled water distribDULION. .........ocooiiiiiie e 319

2.5.3 Install pump motors having the highest economical effiCienCy. ......cccovviviiriic i, 330

Subsection 2.6: COMPRESSORS

2.6.1 If the compressor motor fails, replace it with amore efficient Motor. .........ccccevvevie v, 332
2.6.2 Replace inefficient compressors with effiCient UNItS. .........ccocveieeieinienie s 333
2.6.3 Incentrifugal chillers, install variable-speed COMPressor driVES. .......ccccveceeieerieeree e 335

Subsection 2.7: REFRIGERANT CONDITION

2.7.1 Repair Chiller SYStEM IEEKS. ....cc.eoiueiiice e e e s e st e sne e sne e s re e reenreesrneas 338
2.7.2 Maintain the proper refrigerant Charge. ... sree s 342
2.7.3 Operate purge UNitS appropPriately. ooeeiieiieie e ese s se e see st see e te e te e te e sre e sreesreesaeesntesneesnseeseenseesrneas 347

2.7.3.1 Install high-effiCienCyY PUIgE UNITS. ......cccoeiiiiiesie et e e e e sttt e e e neeene e e 350
2.7.4 Install accessoriesthat prevent air leakage into idle Chillers. ..o 352
2.7.5 Drain the water from the evaporators and condensers of idle chillers. ..., 354
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Subsection 2.8: SYSTEM DESIGN FOR EFFICIENT LOW-LOAD COOLING

2.8.1 Instal chillers and auxiliary equipment of appropriate size to avoid extended operation

=10 Lo 1LV ' o SRR 357
2.8.2 Install local cooling units to allow shutting down the central chiller plant during periods

OF TOW TOBO. ...ttt b et e bt et e s ee e st e besbeeneesbeeneeseesreenteneeas 361
2.8.3 If afacility has several chiller plants, provide cross connections that allow shutting down

theleast effiCient ChIllErS. ... ettt s ee e 364

Subsection 2.9: EXPLOITING LOW AMBIENT TEMPERATURES FOR WATER CHILLING

2.9.1 Install chiller "free COOIING". ..o et s e s re e sreeseesneesateenseenseenreesrnens 371
2.9.2 Cool chilled water with a heat exchanger in the cooling tower CIrCUIt. .......cccoveceeieevieevieevee e 373
2.9.3 Install astrainer system to use cooling tower water directly in the chilled water system. ....................... 375
2.9.4 Install a"waterside economizer” using separate cooling COIIS. ......ccvvcvvceiieriecrce e 379
2.9.5 Install a closed-loop atmospheric cooling unit in the chilled water Circuit. ........cccoevvvvceicce i, 382

Subsection 2.10: HEAT RECOVERY FROM CHILLERS

2.10.1 Use condenser water directly for heating appliCations. ........cccccevieiieniesin s 389
2.10.2 Use an auxiliary condenser or double-bundle condenser for heat recovery. .......cccoovivviiiviceccenieennns 391
2.10.3 To recover large amounts of heat at elevated condensing temperature,

iNstall aheat reCOVErY ChIIEr. ....ooeeeeeeecec e et sre e sae e s e saeeenras 394
2.10.4 To recover small quantities of heat at maximum temperature, install a desuperheater. ..o 397
2.10.5 Improve the quantity or economics of heat recovery by adding or increasing heat storage. ................... 400

Subsection 2.11: COOLING THERMAL STORAGE
2.11.1 Install cooling therMal SLOrAgE. .....ccccciieiiriie et et e s e e s re e s e e sae e sneesneesnreereenseesrneas 406
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Section 3: SERVICE WATER SYSTEMS

Subsection 3.1: REDUCING SERVICE WATER CONSUMPTION

3.1.1 Repair water fiXtUrES rEQUIBITY. ..ocveieceeee et e st sa e s re e tesaeeneenne e 440
3.1.2 Install efficient wash DasiN fIXIUIES. .......cooiiiiiiii e e 443
3.1.3 Install efficient SNOWEr NEAAS. .......ccuoiiii e et 445
3.1.4 Install shower valvesthat allow easy control of temperature and flow rate. .........cccccevivvieevenevecciececne, 448
3.1.5 Provideinstructions for efficient use of water in showers and lavatories. .........ccccvvevineisinienenennnn 450
3.1.6 INStall EffiCIENt TOHELS. ....ooueieieiiree bbbt b e bt 451
3.1.7 Install efficient urinals or imMprove eXisting UriNalS. ........ccccvieeieieceese e 453

Subsection 3.2: WATER HEATING SYSTEMS

3.2.1 Minimize the hot Water tEMPEIALUIE. .......ccieeeereiiee e te ettt e e st esre e e sresreetesaeeneenre e 458

3.2.1.1 Use |oW-temMpPErature AELEIgENTS. .....ccceii et ettt sttt st e s reeaesbesreeaaestesnneseennes 461
3.2.2 Install a separate high-temperature water heater for high- temperature applications. ..........ccccocevvveiienene 462
3.2.3 Install water heaters that have the lowest energy cost and highest efficiency. ......cccocvveveviivecceceiiee, 463
3.2.4 Install supplemental insulation ON Water NEALEIS. .......cceeveieieeie et 468
3.2.5 Install automatic flue dampers on fuel-fired water NEALErS. .......coccevviiieci s 469
3.2.6 Clean and adjust the combustion systems of fuel-fired water heaters periodically. .......ccccceevvvveceeinnene. 470
3.2.7 Clean out scale from water heaters periodiCally. .......ccoviveieiece s 471
3.2.8 Exploit interruptible or storage rates for electric water heating. ......ccccvvceeveveiiece e 473
3.2.9 Control electric water heating to reduce demand Charges. .......coovveeceevi e 477

Subsection 3.3: SERVICE WATER PUMPING

3.3.1 Infacilitiesthat have their own service water pumps, configure the system to minimize

PUMP €NErgY CONSUMPLION. ....iiieiiieieiteiteeieste et e ste s e eteste s e e tesaeetesteesaessesseensesaeessesseensessesseensensesresrnensens 480
3.3.1.1 Usemultiple pressurization PUMPS. .....cccieeceeieieeieseeiestesreetesreseestesseessessesssessesseessessessssssssessssssesses 484
3.3.1.2 Install gravity tanks or pressurized Storage tanks. .......cccceeceeeiieeiise st 488

3.3.2 Design hot water recirculation to minimize PUMP ENEMGY. ..oceeeeieeeereieereese e e e e e sre e sre e e sre s 492
3.3.3 Trim pump impellers to eliminate EXCESS SYSIEM PIrESSUIE. .......cvceevveirieeerresteeee e steeeesesreeeesresaeeeessens 495
3.3.4 Install power switching that prevents unnecessary operation of spare pUMPS. ......ccceeveveveeceeneseeceesnenns 495
3.3.5 Install pump motors having the highest economical effiCienCy. .....cccocvvvieviciiicecce e 496
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Section 4: AIR HANDLING SYSTEMS

Subsection 4.1: MINIMIZING DURATION OF OPERATION

4.1.1 Turn off air handling systemswhen they are not needed. ..o 506
4.1.1.1 Where spaces operate on regular schedules, use timeclocks to start and stop
T =0T | TRl I =0 [UTT 3= o ST 507
4.1.1.2 Instal optimum-start controllers to adapt starting times to weather conditions. ...........cccceeeeveveeeene. 509
4.1.1.3 In spaceswith irregular usage, install rundown timer switches to provide
user control of air handling SyStemM OPEratioN. .........cccciviiiieeriiiee e 511
4.1.1.4 In spaceswith irregular usage, install personnel sensorsto control air handling equipment. ............... 513

4.1.1.5 Assign responsibility for operating air handling systems to the personnel who
AAMINISEEr tNE SPBCES. ....veeiiieieie ettt et e e st e e e be s ae et e s beeaeestesreensestessee e ensesreeneenseans 515

4.1.1.6 In applications where automatic starting and stopping of air handling unitsis undesirable and
operators are on duty, use automatic controlsto alert operatorsto turn systemson and off. ............ 516
Subsection 4.2: OUTSIDE AIR INTAKE AND BUILDING PRESSURIZATION
4.2.1 Adjust outside air intake to the minimum needed to satisfy comfort, health, and code

reguirements, and to maintain proper building Pressurization. .........c.cccceecvveecesesieese e 519
4.2.1.1 During periods of reduced occupancy, control outside air dampers and exhaust fans to reduce
the quantity of ventilation air aPProPriately. .....ccceiveieiiciee e 527
4.2.1.2 Control outside air intake by sensing air CONtAMINGNES. .........ccceveeeerereeieese e se e 530
4.2.2 Provide accurate control of outside air intake and building pressurization by adding areturn fan
or relief fans and improving the damper configuration. ...........cccocvvieie e 532
4.2.3 Where once-through air handling systems are installed unnecessarily, modify them
tO PrOVIAE FECITCUIBLION.  ...viveeeieiicee ettt ettt st et e st eere e besreeaa e besaeesesteenaessesreensenneas 538
4.2.4 Useair cleaning to reduce the need for outside air ventilation. ...........cccccceeveiiiienie i 539
4.2.5 Provide outside air economizer cycle operation of air handling UNitsS. ........cccceeeeveieeiesence e 547
4.2.6 Install enthalpy control of ECONOMIZEN CYCIES. .....ocveeiiiiiecece et sre s 551
4.2.7 Install apurge cyclefor overnight COOlING. .....ccoviiiieii e sre s 553
4.2.8 Install an exhaust air Neat FECOVENY SYSIEM. ...cviiiiiee et ae s reeresre s 555
4.2.9 Improve the envelope penetrations of air handling systems to minimize air quality problems,
wind problems, and energy reQUITEMENTS. .....ccccciieeie e ettt e e st e e estesreesaesbeereeneenes 563
4.2.10 Minimize the use of extraheat for freeze ProteCtion. ........ccoceeviiiiie v 568

4.2.11 Eliminate air handling system stratification that increases energy consumption
(o g (=0 [UTor =Yoo o] o SRS 573
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Subsection 4.3: SINGLE-ZONE SYSTEMS

4.3.1 Install placards at user controls to encourage efficient Operation. ..........cccccccevieevieniencn s 581
4.3.2 If conditioning cannot be turned off during unoccupied hours, install temperature setback. ................... 583
4.3.3 Match fan output to the conditioning 10a0. .........cccviiieiie e 585
T 00 R I T = 101 oL | S 588
4.3.3.2 Cyclethe running of the fans and other air handling system equipment
With the SPace thErMOSIAL. ......cceeiiice e e et e s e sre e sneeere e e 588
4.3.3.3 Install Multi-speed fan MOLOIS. .......coccieiieiie et s e e s sseesaeesnee e reenreesreeas 591
4.3.3.4 Convert the system to VAV OPEIAlION.  ....occeeieeiiecie et eseeseesteestee e seeseeesae e teesseesneesnsesnseenseesseens 593
4.3.4 Install thermostatic controls that allow space temperature to drift within comfortable limits. ................ 596
4.3.4.1 Install thermostats that require manual switching between heating and cooling. .......ccccccvvcvvieenenns 597
4.3.4.2 Install deadband thEIMOSLALS. .......cooiiiiee et b et sre et b e e e e 600
4.3.4.3 Adjust or modify the coil controlsto increase deadband. ...........ccoccveviriieiiee e 603

Subsection 4.4: SINGLE-DUCT REHEAT SYSTEMS

4.4.1 Set the cooling coil discharge at the highest temperature that maintains satisfactory cooling. ................ 607
4.4.1.1 Install automatic chilled air temperature reset CONtrol. ........ccooov e eceece e 610
4.4.2 Turn off the air handling unit cooling coils when cooling isnot needed. .......c.cccoeveevievr e, 612
4.4.3 Turn off reheat COIlSWhen PractiCal. ..o e e s 613
4.4.4 Interminal unitsthat blend supply air with reheated air, block the reheat passages
during the COOLING SEASON. ......cciiieiie e ce et re s e e st e e e st e eate e be e seesaeesneesneesseesneesnseenseeses 614
S I T U= = 10 T o1 | S 615
4.4.6 Install Multi-Speed fan MOLOIS. .......cooie e s re et et e e re e sreesneesneeearas 616
4.4.7 Convert the system to variable-air-volume (VAV) OPEration. ......cccovceevericirnie s ereeriee e e s see s 618
4.4.8 Replace all reheat coilsin a system with heating/cooling coils and minimize operation
of the air handling unit COOIING COIL. ...o.eeieiece e e e 631
4.4.9 Install self-contained heating/cooling units, and use the air handling system only for ventilation. ......... 634

Subsection 4.5: DUAL-DUCT REHEAT SYSTEMS
4.5.1 Keep the temperature of the cold duct as high as possible and the temperature of the hot duct

o S oV S 0015 o] 640
45.1.1 Install temperature reset controllers for both the cold duct and the hot duct. ..o, 642
4.5.2 Turn off the heating coil and/or the cooling coil whenever practical. .........ccccoevivevievievin v, 643
4.5.3 Trimthe output of the air handling SyStEM fanS. ......ccveiieiie e e s 644
4.5.4 Install Multi-Speed fan MOLOIS. .......ccoiiie et re et e e e e re e sreesneesneesnras 644
4.5.5 Convert the system to variable-air-volume (VAV) OPEration. ......cccevceveriiirne e cseeniee e e e see s 644
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Subsection 4.6: MULTIZONE SYSTEMS
4.6.1 Keep the temperature of the cold deck as high as possible and the temperature of the hot deck as

0T A= S 1015 o] = 654
4.6.1.1 Install temperature reset controllers for both the cold deck and the hot deck. ........cccoveveciecieieenen, 654
4.6.2 Turn off the cooling coil or the heating coil whenever practical. ..o, 654
T T I 1 = 11 0 S 655
4.6.4 Install Multi-Speed fan MOLOIS. .......coiie et re et et e e re e sreesneesneeenres 655
4.6.5 Convert the system to variable-air-volume (VAV) OpEration. ......cccovceeveriiesiesieereestee e see e e s 656

Subsection 4.7: VARIABLE-AIR-VOLUME SINGLE-DUCT SYSTEMS

4.7.1 In spaces with shutoff VAV terminals, install thermostat placards. ........cccccevvevie i, 662
4.7.2 In spaces with shutoff VAV terminals, install deadband thermostats. ........cccocveveeviive v, 664
4.7.3 If the air handling systems be turned off during unoccupied hours, install temperature setback. ............ 667
4.7.4 Turn off the air handling unit cooling coil when cooling isnot needed. .........ccccccvveevieevie v, 669
4.7.5 Minimize the minimum-flow settings of terminal UNitS. ........cccccceveie i, 670
4.7.6 Set the cooling coil discharge at the highest temperature that maintains satisfactory cooling. ................ 672

4.7.6.1 Install automatic chilled air temperature reset CONtrol. ........ccoocv e 673
4.7.7 With minimum-flow terminals, install heating/cooling changeover. ..., 674
4.7.8 Improvethe efficiency of fan MOAUIELION. ........c.ooiieiii e 677

Subsection 4.8: VARIABLE-AIR-VOLUME DUAL-DUCT SYSTEMS

4.8.1 In spaces with shutoff VAV termindls, install temperature setting placards on thermostats. ................... 683
4.8.2 In spaces with shutoff VAV terminals, modify thermostatic controls to maximize deadband. ............... 683
4.8.3 If air handling equipment cannot be turned off during unoccupied hours,
INStall tEMPErature SELDACK. ........oc i et e et sr e e s re e sae e sneesaneenras 684
4.8.4 Turn off the heating coil and/or the cooling coil whenever practical. .........ccccoevievievievin v, 684
4.8.5 Adjust minimum-flow terminals to minimize overlap of hot and cold air flow. ......cccccoeeevivieiveveeceene 685
4.8.6 Keep the cold duct temperature as high as possible and the hot duct temperature
2 S oYV a= S 0015 o] 687
4.8.6.1 Install duct temperature reset controllers for both the cold duct and the hot duct. ............cccccveenis 688
4.8.7 Improvethe efficiency of fan MOAUIALION. ........c.ooiieiie e 688
4.8.8 Install an outside air economizer cycle with separate hot and cold duct fans. ... 689
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Subsection 4.9: INDUCTION SYSTEMS

4.9.1 Maximizethe primary air teMPEIEIUIE. ........ccceeiieieriee e erteereeseeseeseeseesre s teete e teeseeeseeesreesreesneesnnesnses 693

4.9.1.1 Install automatic temperature reset control for the primary air. ..., 694
4.9.2 Turn off the air handling unit cooling coil when cooling isnot needed. .........cccccceivevieevievin e, 695
4.9.3 Install temperature SEDACK. ........cooii i e 696
4.9.4 Clean, adjust, and repair induction terminal units at appropriate intervals. ........ccccovcevievivnieecceeieeseeene, 698
4.9.5 Avoid discharging conditioned air on exterior SUMfaCES. ........cccvvievirieeiie i e s 699

Section 5 ROOM CONDITIONING UNITS
AND SELF-CONTAINED HVAC EQUIPMENT

Subsection 5.1: MINIMIZING EQUIPMENT OPERATION

5.1.1 Install placards at the controls of conditioning units to motivate efficient operation. ..........c.cccceevevrinnene 704
5.1.2 Assign responsibility for turning conditioning units on and off to security personnel
or to those Who adminiSter the SPACES. .......ciiiiiriiirieee e 708
5.1.3 Install automatic controlsto turn off conditioning units when they are not needed. ...........c.ccocevvrenenene. 709
5.1.3.1 Where spaces operate on regular schedules, use setback thermostats or timeclocks
to control the operation of CONAItIONING UNITS. .......coiiiriiiieieeeee e 711
5.1.3.2 In spaces with irregular usage, install timed-turnoff switches to provide user control
Of CONAITIONING UNITS. ...ttt b ettt e et et b bt nr e s e e enes 714
5.1.3.3 In spaceswith irregular usage, install personnel sensorsto control conditioning equipment. ............ 714
5.1.3.4 Connect the power to conditioning units through an appropriate light switch. ...........ccocoiiineene 714
5.1.4 Install proximity switches to turn off conditioning units when doors and windows are left open. .......... 716

Subsection 5.2: RADIATORS AND CONVECTORS

5.2.1 Clean and repair radiators and convectors at appropriate iNterVals. ........ccoceeevirereneneieesesesese e 720
5.2.2 Install thermostatic control valves on units with manual ValVes. ... 721
5.2.3 On units with manual control valves, provide easy and safe accessto the valves. .........ccccoeveveicieenne 724
5.2.4 Ensure that convection and radiation are not obstructed by enclosures or other objects. .........ccccceeeee 725
5.2.5 Avoid trapping of heat output against eXIErior WallS. ..o 727
5.2.6 Thermally isolate radiators and convectors from poorly insulated Walls. .........cccccooeviveneieininienicnennen, 729
5.2.7 With steam heating, install a vacuum condensate system to improve temperature control. ............c........ 731
5.2.8 Convert steam heating to hydroniC NEALING. ......ccooveiiririiiree e 733
5.2.9 Replace electric resistance convectors with heating units having lower energy Cost. .......c.ccocvvrereneenns 736
5.2.10 Provide separate thermostatic control for each areawith distinct heating requirements. ...........cccccceeeee 738
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Subsection 5.3: FAN-COIL UNITS

5.3.1 Clean, adjust, lubricate, and repair fan-coil units at appropriate intervals. .......ccccooevieevieevievievieseenens 742
5.3.2 Select high-efficiency motorsin new fan-coil units and when replacing failed motors. ..........ccccceneeee. 744
5.3.3 Keep conditioned air from discharging on windows and exterior walls. .........ccccocovvvivivieevccee v, 745
5.3.4 Install thermostatic controls that allow space temperature to drift within comfortable limits. ................ 747
5.3.5 Convert 3-pipe Systemst0 2-PIiPE OPEFELION. ......ccceeiieeieesieeseeseeseeseeerteesteesreesreesreesneesneeereeeeenseenseesrneas 748
5.3.6 Convert 3-pipe SySteMS 10 4-PIPE SYSLEMIS.  ...ooiviiiieiie e ree sttt te e te e e e ste e s e e s e e sae e saeesneeseeereenreesrnens 751
5.3.7 Replace electric resistance heating units with equipment having the lowest practical energy cost. ........ 752

Subsection 5.4: SELF-CONTAINED AIR CONDITIONERS AND THROUGH-WALL HEAT PUMPS
5.4.1 Clean, adjust, lubricate, and repair through-wall air conditioners and heat pumps

S o) 0 0] o A= (R 1= V7= | K 754
5.4.2 Install high-efficiency replacement fan MOLOIS. ........ccooceeii i 756
5.4.3 Sed through-wall conditioning units to prevent outside air infiltralion. ........cccccceeeveiieevievesce v, 757
5.4.4 In unitsthat provide outside air ventilation by exhausting conditioned air, abolish this feature. ............ 758
5.4.5 Instal air conditioning units and heat pumps having the highest practical efficiency. ........cccccocvveene. 759

5.4.6 If electric heating elements are installed with air conditioners, replace them
with heating units having lOWer eNergy COSL. .....oioiiiieiiiiir e e e s snees 761

Subsection 5.5: REMOTELY COOLED AIR CONDITIONING UNITS AND HEAT PUMPS

5.5.1 Clean, adjust, lubricate, and repair air conditioners and heat pumps at appropriate intervals. ................. 765
5.5.2 Replace fan, pump, and compressor motors with models having the highest

€CONOMICEl EffICIENCY.  .veeieiiie et e st e e st e s ate et e s nte et e e teesteesreesneesnneenreees 766
5.5.3 Install compressors or new conditioning units having the highest economical efficiency. ..........ccc....... 767
5.5.4 Optimize the condenser teMPErature SELING. .....covieviieerierie e e ee e e rre e e sreesreereenreesreeas 768
5.5.5 Turn off sump/crankcase heaters during extended shutdown intervals. ........cccooevievie e cceeseeeen, 770

5.5.6 Drain cooling towers and evaporative condensers during the season when they are not required,
and turn off water SUMP NEELEIS. ......cceeiieiie e et esre e sreeeneeenre e e 770

5.5.7 Replace electric heating elements in cooling units with heating equipment that has
L0V g 0= )Y 771

5.5.8 With cooling towers and evaporative condensers, interlock the operation of the pumps
and fans with the operation of the COMPIrESSOIS. ... e 772

5.5.9 Recover condenser heat for preheating service water or other low-temperature
L1720 a0 J=To) o] o= 1 o] 1SS 773

5.5.10 Improve cooling efficiency by using aternative heat sinks and heating efficiency
by using alternative free hEal SOUICES.  ........ooiiiii et et e e s e sne e sneeennas 775
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Subsection 5.6: HEAT PUMP LOOP SYSTEMS (ADDITIONAL MEASURES)

5.6.1 Install controls to optimize the loop temperature under all operating conditions. ..........ccccceeeceeceeveenen. 785
5.6.2 Install automatic valves and bypass lines to prevent the flow of loop water through heat sources

and heat sinkswhenthey are NOt NEEUEH. ........cc.oo i e e 789
5.6.3 Improve efficiency by substituting a heat source/sink with better temperature characteristics,

or by adding asource Of frEE NEEL. ........ccccci i e e 791
5.6.4 Add thermal storage to the [00P SYSLEM. ....ceeeiii i s e reenree s 794

Subsection 5.7: DIRECT-FIRED HEATING UNITS

5.7.1 Clean, adjust, lubricate, and repair direct-fired heating units at appropriate intervals. ........ccccccevvveveennen. 798
5.7.2 Install high-efficiency heating UNITS. ........coooiiiiiii e e e e r e sree s 799
5.7.3 Install automatic flue dampers on eXiSting NEALENS. ......ccocci e 802
5.7.4 Set the anticipators of space thermostats to maximize the interval between firing cycles. ...................... 804

Section 6: BUILDING AIR LEAKAGE

Subsection 6.1: PERSONNEL DOORS

6.1.1 Maintain thefit, closure, and sealing of eXterior dOOIS. .......cccceiiiieeie i e 808
6.1.2 Install appropriate weatherstripping 0N eXtErior dOOS. .......cccecceeieieeiiesieeeste e 809
6.1.3 Install effective ClOSErs 0N EXIENiOr QOOIS. ........ciiiiriirieieeeere et eb e bt 811

6.1.3.1 If manual opening of doorsis acceptable, install spring-type door CloSers. ........ccceceveveevececceesnene, 811

6.1.3.2 If manual opening of doorsis not acceptable, install automatic doors or door openers. ..o 812
6.1.4 Install high-effiCIENCY AOOIS. ....ccoiiieie e st be s re e tesaeeneenre e 814
6.1.5 If apressure differential at the entrance is unavoidable, install arevolving door. .........ccccecvvvveeerienene, 815
6.1.6 If arevolving door isinstalled, encourage people to useit instead of other doors. .......c.ccccevevvvveeenee, 816
6.1.7 INSEAl SIOMM UOOIS. ...ttt ettt b e bbbt b b b e st e st et et 818
6.1.8 Install vestibules for doors with frequent traffiC. ..o e 820
L RS = o 7= o (0] 0= o [0 o =SSP 823
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Subsection 6.2: GARAGE, LOADING, AND EQUIPMENT DOORS

6.2.1 Maintain thefit, closure, and sealing of industrial-type dOorS. .......ccccccevieriiencin e 826
6.2.2 Install infiltration sealS 0N eXiStING OOS. ......ccciiiieieeiie e e e e e e ee e e e e e s e e reenreesreeas 827
6.2.3 Install pOWEred dOOr OPEFELOIS. ......ccceeiiieiieiiriiesiteere e e e e e ste e s e s e e eeeeeeeteesteesreesreesseesneesnsesnseeseenseessnnas 830
6.2.4 Install effiCient EXIENON HOOIS.  ....oooiiieieiee ettt sttt st e st e e en e e sbesreebesaeeneesne e 833
6.2.5 Install lightweight quick-acting doors to supplement exterior doors and

EO RS s 00z = LT 1= (0 S 0= o - 839
6.2.5.1 INStall S CUMAINS.  ..oiiueiiieeieeie e ee e e s ee e ettt e st e s re e s ae e saeeesteete e steesreesreesneesneesneesnseenseenseessnnas 840
6.2.5.2 Install fariC SIWING OOIS. .....coiiecceccee et e et e e te e s te e sreesreesaeesneesneesnseeseenseesrneas 842
6.2.5.3 INStall IMPACE AOOIS. ...cveiieeiciece ettt e e e te e te e sreesreesseesseesneesneesnseenseenseessneas 843
6.2.5.4 Install powered quick-acting VENICIE AOOIS. ......ceoiieiie e nree s 846
6.2.6 INStall dOCK-TO-TIUCK SEAIS. .....ceiiiiiieie ettt et e st e et esbesre et e saeeneenee e 854

Subsection 6.3: WINDOW AIR LEAKAGE

6.3.1 Maintain thefit, closure, and sealing Of WINQOWS. .......ccccoiriiriiiiie e ee e sree s 860
6.3.2 Install weatherstripping on openable WINAOWS. .......ccccoieiieiiiiie e e s sree s 861
6.3.3 Install supplemental ("Storm™) WINAOWS. ......ooiiiiii ettt e e s e e e reenreenree s 862
6.3.4 Install high-effiCienCY WINAOWS. ....coeiiii et e e e s e e s e e s e e reenreenreeas 862

Subsection 6.4: OTHER ENVELOPE LEAKAGE

6.4.1 Seal gapsin the eNVEIOPE SITUCIUIE.  ......cooeiie e e re e reenreesreeas 864
6.4.2 Install gaskets at wall switches and receptacles that allow outside air leakage. ........cccevvvevvivvcnvceennnnn, 868
6.4.3 Install roof and attic hatches that closetightly and reliably. ..o 869
6.4.4 Adjust and repair space air VentS PeriodiCally. ......ccooeeir e i 870
6.4.5 Ventilate elevator ShaftSrationally. ........ccociieiiiiiiii it e re e reenree s 872
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Section 7: BUILDING INSULATION

Subsection 7.1: ROOFS AND ATTICS

7.1.1 Increase the quantity of attiC INSUIALION. ........ccceiiiiiece et 876
7.1.2 Addrigidinsulation to the top surface of rOOfS. .......ccoviiice i 879
7.1.3 Apply sprayed foam insulation to the top surface of ro0fS. .........cccveeceviiiccese e 882
7.1.4 Instal insulation on the UNderside Of FOOFS. ......oociiiririri e 884
7.1.5 Install asuspended iNSUIELEd CEIIING. .....ccuiiiciiiiceee ettt s re e ne e 886

Subsection 7.2: WALLS AND SOFFITS

7.2.1 INSUIAEE WEIl CAVITIES.  ....eiieiiiitiieeeee bbbttt ettt bt bbbt 890
7.2.2 Insulate the inside SUIfaCes Of WallS. ......c.oiiiiiiieie e e 896
7.2.3 Insulate the outside SUrfaceS Of WallS. .......c.oiiiiiiiie e 901
7.2.4 Increase the thermal resistance of the panelsin curtain WallS. ........ccoocveviiiccie s 903

Subsection 7.3: GLAZING INSULATION

7.3.1 Install high-efficienCy glazZing. .....cccoiiieiece et a e st sae e re s 908
7.3.2 Install storm windows or supplemental glazing. ......ccccoeoieie i 908
7.3.3 Reducethe area of gIaziNg. .....ccccocieiiiicec ettt e et re et sreeneenre s 911
7.3.4 INStAll thermMal SHULLEIS.  .....oouiiiiieee bbbttt b bbb e 911
7.3.5 Usewindow filmsthat reflect heat back into the building. .........cccooeeiiiiicce e, 912
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Section 8: CONTROL AND USE OF SUNLIGHT

Subsection 8.1: REDUCING COOLING LOAD: WINDOWS & SKYLIGHTS

8.1.1 Install external shading devices appropriate for each exposure of the glazing. .......cccccoevvveevevvieccienene, 919
8.1.2 Install internal Shading AEVICES. ......coviieeiiiiceee et s re et s re e e re e 930
8.1.3 Install high-effiCienCy gIaZiNg. .....cccoiiiee e et sae e e re s 934
8.1.4 Install solar control filmson existing QlazZinNg. ......ccccveeeieie it 944
8.1.5 Reducethe area of glaziNg. ......ccccceiiiiiiiece ettt be et e re et saeeneenreens 949

Subsection 8.2: REDUCING COOLING LOAD: OPAQUE SURFACES & OVERALL

8.2.1 Improve the insulation of surfaces exposed to SUNlIght. ........cooeeii e 954
8.2.2 Apply paint, coating, or sheathing that minimizes absorption of sunlight. ..........cccccoeveiiiiieeieie e, 954
8.2.3 Provide effective ventilation Of GIHICS. ........ccociiiiiieieirisses e 957
8.2.4 Plant trees and other foliage to provide Shating. ........cccvcveceieiie i 961

Subsection 8.3: DAYLIGHTING

8.3.1 Install SKylightS Or lIght PIPES. ...eeiveeie ettt st s b s reetesreeneenre e 966
8.3.2 Install diffusersfor existing Clear SKYHQhLS. .....cccvceeiiiiie et 979
8.3.3 Install transucent roof and wall sections for daylighting. ........cccoveeeii i 983
8.3.4 Install diffusers to make windows more effective for daylighting. ........ccccccevivieiicecccsi s, 994
8.3.5 Install asystem of light shelvesand Shading. ........cccoceveeeri e 1000
8.3.6 Uselight interior colors or Mirrored SUMFACES. ......cccieieeeieieceece ettt 1006

Subsection 8.4: PASSIVE SOLAR HEATING

8.4.1 Keep open the window shades of unoccupied spaces that need heating. ........ccccovveevevecceeve e, 1008
8.4.2 Install combinations of sunlight absorbers and reflectorsinside windows and skylights. ..........c.......... 1009
8.4.3 Install solar enclosures over areas that can benefit fromheating. ........ccoocveveeiiecccc e 1012
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Section 9: ARTIFICIAL LIGHTING

Subsection 9.1: LAMPS AND FIXTURES, INCANDESCENT

9.1.1 Eliminate excessive lighting by reducing the total lamp wattage in each activity area. .........c.cccc......... 1023
9.1.2 Substitute higher-efficiency lampsin existing fiXtUrES. ......cccvviiieieiecere e 1025
9.1.2.1 Substitute screw-in fluorescent lamps for incandescent [amps. ......ccccoccvveeevicecce s 1025
9.1.2.2 Substitute tungsten halogen lamps for conventional incandescent 1amps. .......cccccevceveieeveveciiennne 1031
9.1.3 Substitute lamps that minimize light trapping and/or improve light distribution. ...........ccccceeveieieeeee 1033
9.1.4 Modify existing fixturesto reduce light trapping and/or improve light distribution. .............ccccceveneee 1036
9.1.4.1 In fixtures having shades that absorb light, modify or eliminate the shades. ........ccccccovvevevivvvecienne 1036
9.1.4.2 Instal reflective inserts in fixtures that have absorptive internal baffles or surfaces. ..o 1038
9.1.4.3 For task lighting, install focussing lamps on flexible extensions. ..........cccccceceiiievececce s 1039
9.1.5 Replace incandescent fixtures with fluorescent or HID fiIXIUrES. .....ccoceevvvveicie v 1040
9.1.6 Modify or replace incandescent exit signs with fluorescent or LED light SOUFCES. .....ccccvvvecvevieiieennene, 1041
S0 A = o 00T PP 1042

Subsection 9.2: LAMPS AND FIXTURES, FLUORESCENT

9.2.1 Eliminate excessive lighting by removing lamps and disconnecting or removing their balasts. .......... 1046
9.2.1.1 Toremove single tubes from 2-tube ballasts, substitute dummy 1amps. ........cccccevvvvevieiieiene e 1050
9.2.1.2 Toremove single tubes where 2-tube ballasts are installed, substitute single-tube ballasts. ............. 1051
9.2.1.3 To remove single tubes from groups of fixtures, rewire the ballasts between fixtures. .................. 1052

9.2.2 Where fixtures have been delamped, disconnect or removethe ballasts. .......ccccocvieeveiivciccececeeeee, 1053

9.2.3 Replace fluorescent lamps with high-efficiency or reduced- wattage types. .....cccccvveecevvveccececeesnnn, 1054

9.2.4 Replace ballasts with high-efficiency or reduced-wattage types, or upgrade

ballasts and 1amMPS tOGELNEr. ..o reens 1057

0.2.5 INStAl CUMTENT TIMITEIS. ....oiviiiiiiiiiesieeeee ettt b et b et st s bbbt b nb e e e s 1064

9.2.6 Install fluorescent dimming EQUIPIMENL. .......ooieiiiieie et st e et s e e e e sreens 1066

9.2.7 Consider retrofit "reflectors” for fluOresSCent fIXIUIES. ........ccviririririeeeeese s 1069

Subsection 9.3: LAMPS AND FIXTURES, H.l.D. AND L.P.S.

9.3.1 Install the most efficient HID lamps, ballasts, and fiXtUres. .........cccocviieveiececce e 1073
9.3.1.1 For lowest retrofit cost, replace mercury vapor lamps with metal halide or

high-pressure sodium lamps that do not require ballast replacement. ..o e v, 1078

9.3.2 Install HID dimming QUIPIMENT. .....cc.ciieiiiei ettt e sttt st e re e e s tesreeaesnesreeneesresnaesrenns 1079

9.3.3 In appropriate applications, substitute fluorescent lighting for HID lighting. .......cccccviveviieeieie e, 1081
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Subsection 9.4: LIGHTING CONTROLS, MANUAL

9.4.1 Install effective placards at lighting CONLIOIS. .......ccoeoiiiieiee e e 1086
9.4.2 Use security forces, watch engineers, or other regularly assigned personnel to keep

unnecessary lIghtSTUNEd OFf. ... e e et reesree e 1090
9.4.3 Install all single-pole toggle switches so that the toggle is down when the switch is off. ...................... 1091
9.4.4 Replace rheostat dimmers with efficient electronic dimmers. ... 1091
9.4.5 Where fixtures are not easily visible from the switch locations, install telltale lights. ... 1093
9.4.6 Draw attention to switches that should be used in preference to others. ..., 1094
9.4.7 In applications where fixtures may be operated improperly by unauthorized personnel,

USE KEY SWITCNES. ..eiiiieiiie e ettt s ee e e et e e s ae e sae e saeesaeeent e e te e teesseesseesneesnsesneeanseenseenseenrnnns 1095

Subsection 9.5: LIGHTING CONTROLS, AUTOMATIC

9.5.1 Wherelighting is needed on arepetitive schedule, use timeclock control. ..........cccccovcivviveveciecreesiene 1098
9.5.1.1 To combine time switching with daylighting, use astronomical timeclocks. ..........cccocoevivevieeveennen, 1100
9.5.2 Control exterior lighting with photOCONEIOIS. .......cveeiieeece e 1101
9.5.3 Install interior photocontrolsto exploit daylighting. ......cccccevvvir e 1104
9.5.4 Where the need for lighting is determined by the presence of people,
use Personnel SENSOr SWITCNING.  ....uviciiciieieesee et e e et e e te e s reesreesaeesaeesneeenseeseenreens 1109
9.5.5 Where lighting can be turned off after afixed interval, install timed-turnoff switches. ... 1111
9.5.6 If adoor remains open when lighting is needed, use door SWItChES. ........cccvviveviececre e 1113

Subsection 9.6: LIGHTING LAYOUT

9.6.1 Make the surfaces of spaceshighly refleCtive. ..o 1116
9.6.2 Lay out lighting using the task lighting PrinCiple. .......cccvvei i e e 1119
9.6.2.1 Disconnect or remove fixtures wherethey are not needed. ........cccocevveivr i 1130
9.6.2.2 Relocate and reorient fixtures to improve energy efficiency and visua quality. ......cccceeevceevennnen. 1133
9.6.2.3 Replace fixtures and improve fixture installations that waste light. .........ccccceveeiievieve v, 1135
9.6.3 Install fixtures or combinations of fixtures that provide efficient lighting for all modes
OF SPBCE USBJE.  ..oeiuveiiieieeiteestee s ee e e et e e s e e st e st e st e et eete e teesteesaeesaeeente e te e se e seesseesneeenseeneeenseeseesneennresnnin 1139
9.6.4 Install aseparate control circuit for each lighting element that operates on a distinct schedule. ........... 1141
9.6.4.1 Wherelight fixtures are needed in a predictable variety of patterns, install
Programmabl@ SWITCNES. .......cciiiiiiie e e e s et enre e s b e e re e s aeesneeenreenneenre e e 1144
9.6.5 Install lighting controls at visible, accessible |0CatioNS. .........cccv i 1145
9.6.5.1 Providelocalized control of ceiling fixtures by installing pullcord switches. .........ccccocevevieiienneene 1147
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Subsection 9.7: FIXTURE MAINTENANCE AND MARKING

9.7.1 Clean fixtures and lamps at appropriate iNtEIVAIS. .......ccccveieeiieeiee e 1152
0.7.2 Replace darkened diffUSELS. .....ccoiiiiiiii et et e et e et e e s re e sneeeneeere e e 1153
9.7.3 Infixtures where the type or number of lamps may vary, mark the fixtures to indicate

the Proper tYPe Of [AIMP. ..ot e s e e s ee e ee e re e reesneesneeenrs 1155

Section 10: INDEPENDENT ENERGY-USING COMPONENTS

Subsection 10.1: A.C. INDUCTION MOTORS
10.1.1 Install motors having the highest economical effiCiENCY. .....ccooveiiiicec e 1162

Subsection 10.2: CENTRIFUGAL PUMPS
10.2.1 Trim pump impellers to match pump output to system pressure and/or flow requirements. ............... 1178

10.2.2 Throttle the discharge of pumps to match system pressure and/or flow requirements. ...........cccceee.ee. 1183

Subsection 10.3: FANS
10.3.1 Adjust the output of constant-flow fansto the minimum needed. ...........cccoveveviiieie e 1188

Subsection 10.4: STANDBY EQUIPMENT
10.4.1 Install power switching that prevents unnecessary operation of standby equipment. ...........cccoeveeeee. 1194

Section 11. REFERENCE NOTES

Group 1. ENERGY MANAGEMENT TOOLS

10. Clock Controls and Programmable ThEMMOSIALS  .........coveiiriririeiireseeeee e 1199
10, PEISONNE] SENSOIS .....eiiiiitieieiieeeeste et ettt e sttt e e e s beea e e besbe e st e besae e eesbeemeeseesheensesbeeseensesaeaneesbesnseseesneenseseeas 1205
R o =0 o LRSS 1213
13. Energy Management CONtrol SYSLEIMS .....ccuiiciiiciieieeree e seeses e e e sre e st e e e e e e e ee e te e sreesaeesneesnnesneas 1219
14. Control SIgNal POIING ..ooveieeiieeeeee ettt b ettt eb bbb e b e s e e e 1227
15. Infrared Thermal SCANNING ......cccciiiieie e e et s e e s e s e s aee st e e ee e beesteenteeseesneesneesnnesnns 1229
16. Measurement of Liquid, Gas, and HEBE FIOW ........ccceeiiiiiiiie et 1233
17. Energy AnalysiS COMPULEr PrOGIaIMS ......ocuiiiieiiieciieeseeseeseeseeste e teesteesseesaeesneesneesnseeseesteesreesanesnessnnssnnes 1239
Group 2. ENERGY SOURCES

T 01 = TS 1247
I ot o Y 1 o T 1251
22. Low-Temperature Heat SOUrCES & SINKS .....c.oiiiiiiiriiiiieieinere et 1259
23. NON-FOSSI| ENEIQY SOUMCES .....oeeiiieiieeiiieiieitesteesteesteesseessesssesaseeesseessessseessesssessnsesnsessesssesssesssessessnsessseses 1267
24. CharaCteristiCS Of SUNIIGNT ..ouiiiiieeeeee ettt bt sr e e s 1283
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Group 3. MECHANICAL COMPONENTS

30. Boiler TYPES @NA RAIINGS ....oecceeiiieiiieiieiiesieeesteeste e s e e ste e s e seeste e te e s teesreesressaeesneeenteenseenseeseesseesneesnsesnsenses 1289
31. How Chiller EfficiencCy IS EXPrESSEA .......cooiiiiiiiiiieiieieieiesie sttt 1297
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35. Cantrifugal PUMPS ....cooiiiiiieie ettt b bbb e st a e st bt b e b e nb e s e e e 1339
36. Variable-Speed MOtOrs @and DIIVES .......occiiiiiii et te e te e e s sttt e e esre e sreesneeenre e e 1347
A ©e 011 I == o (= = ot SRS 1379
Group 4. BUILDING ENVELOPE

O I = TV 11 o [T o N = G o = S 1385
AL, HOW INSUIGLTION WOTKS ....ouieieieie ettt sttt saeeaestessa e tesseeneenbesneeseesneenensseensenaeeneensenns 1389
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43, INSUIALTION SEIECTION ....eeiiieieie et e e e e et e s te e s e besseentesseeseesteseeeneeseesseentesseeneensenns 1397
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45, INSUIELION ECOMOMICS  ..c.viitieieiieeeiesiesieeeesteeee e steetesteeseessesseetesseensessesseesesseensesseaseessessesseessesseensessenneensens 1405
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47. PassiVe SOlar HEALING DESIGN ...c..ooviiiiiiiieiiteiteste ettt bttt b bbb n e e 1417
Group 5. LIGHTING

50. Measuring Light INEENSITY ....cccveieeieeiie e et s e s et te e te e te e s e s e e e e e teesaeesreesaeenseesreesneesnneenseees 1425
51. Factorsin Lighting QUEIITY  .....ccueieiiiiiiiite ettt 1427
52. Comparative Light SOUrce CharaCteriStiCS .......ccovceiiiiciiiiesecse ettt e e e re e 1439
53. Lighting EffiCienCy STANUAIAS ........ccoooeiiiiiiiieeeeee et 1447
Lo g o= 0T (== o | A I 11T o R 1449
55. FIUOIESCENT LIGNTING ...veivitiiiieieieeeeete sttt ettt b bbb e st bbbt e b e e e n s 1461
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