Clive Beggs

Sy

N

Management,
Supply and
Conservation




Contents

Chapter 1: Energy and the Environment.................. Cirerenenss A |
1 T WONS . . e e 1
1.2 Politics and Self-Interest ... ..o e 3

T.2.1 Human Nature. oo i i e 4

LT Tt L T 1= L N 5
1.3.1 Units of ERErgy . ooviii e i 7
Kilowatt-hour (KWh) ... e 7

British thermal unit (Bu) . ... oe e e 7

13T 4 7

Tonne of oil equivalent (0] .. .. .ottt e i 7

137 11 2] PP RN 7

L ] o 5 = 8

1.3.2 The Laws of Thermodynamics ... i e eens 8
The First Law of Thermodynamics ....ooeiviien i ia e iinaianns 8

The Second Law of Thermodynamics ..ot i iiiiisiiiinna, 8

The Third Law of Thermodynamics ..........oooviiiiiii i 3

1.3.3 Ecology, Society and the Second Law of Thermodynamics.............. 10

1.4 Energy Consumption and GDP ...t s 11
1.5 Environmental [SSUBS ... ... o ittt i ir it ia i, 14
1.5.1 GlobalWarming. .. .....ovuiiii e 15
1.5.2 Carbon Intensity of Energy Supply......ooiv e oo 18
1.5.3 Carbon Dioxide Emissions. . .ovove e e 19
1.5.4 Depletion of the Ozone Layer ... ..o ii i iiee i ereiiaennnss 20
1.5.5 Intergovernmental ACHON. ... vir i i 21
1.5.6 Carbon Credits and Taxes. . ..o cie e e 22

1.6 Energy COnSUMPUION . ... oo it it ie e aranananas 23
17 ENergy Reserves o e s e 28

Chapter 2: Utility Companies and Energy Supply......... Cerarecaces R 4 |
30 B 1315+ o ¥ ol T o TR P 31
P A L L T L 1 32
2.3 Delivered ENergy ..ovuvrie e e st b et 33
24 Electricity SUPPBIY ... .. e 33

2.4% Electricity Charges ........coociiiinniennns e 36
242 Electricity Tariffs. ... e e 38
B T ] - T 42
2.5.1 Natural Gas Production, Transmission and Distribution................. 44
2.52 Peak Demand Problems. ... ..o 44
253 GasTariffe, . e e e 45
2 Ul Ol e e 46

Chapter 3: Competition in Energy SUPPIY. .. o vovviiuiiioreeivinareneneneinas 18
B e T ot R U 438
3.2 The Concept of COMPEtItIoN . ... ....ov et iiees e iie e eitteearaaeeas 49



3.3 Competition in the Electricity Supply Industry ..............ooiiiiiiiienn 50

3.4 The UK Electricity EXperience. .. ... e e 52
3.4.1 The Evolution of the UK Electricity Market. . ............ccoieviiiinen. 55
3.4.2 The Californian EXperience ..o ovvreev i 56

3.5 Competitioninthe Gas Market. . ... v oriin i e ie e 58

3.6 Load Management of Electricity. ....ovoo oo i 59

3.7 Supply Sideand Demand Side ..o ive e 60

3.8 Demand-Side Management.................... P 61
3.8 The USA EXPeIeNCa. ..ottt e e e e e e 63
3.8.2 The UK EXpPerionce ...ttty ee e e 65

Chapter 4: Energy and Transport.......... e e s s e 69

4.1 Transportandthe Bconomy....ooo o e e 69

4.2 The History of TraNSPOTT ..o e e v et e e e e eiiaans 71

4.3 Passenger TrANSPOIT L\ ittt et s trtn e e e et ey 72

4.4 Energy Consumption and Transport. ... e e aieenn 74
4.4.1 Carbon Dioxide Emissions. ... e i i eai e eiaiens 77

0 T O O 78

4.6 BIofUBIS L. e e 79

Chapter 5: RenewableEnergy........ovovnveunnss feeeraereaeneas e 1

5.1 RENEWabIe BN gy . et it e i e e 81

LT 1 T = 4T (o 82
521 Solar Collectors . .o 84
5.2.2 Evacuated-Tube Collectors .. ..o ri ettt aee s 86
5.2.3 Photovoltaic Cells, . . ..o i e 87

D WIN POWET L e et e e e 88
5.3.1 Power Available in Wind. ... e 89
5.3.2 Wind Turbines ... ... . oo i H

Horizontal-Axis TUrbINgS ... oo i e 91
Vertical-AXis TUrbINES .. ..o i e e 92

5.4 Power fromWater ... i e e i 93
541 HydroeleCtriC POWET o .\ u' et ettt ea iy 94
SA2 Tidal POWEE .. e e e s 96
53 Wave PO L e, 97
5.4.4 Wave POWer Converters .. ..o e 98

5.5 Energy from Biomass ... o i s 99

Chapter 6: Energy Analysis Techniques ........... Cereraaeranas P [ 3}

6.1 INtrodUCHioN. . ..o e e, 101

6.2 Annual Energy Consumplion. .. ..o oo i e e 102

6.3 Normalized Performance INdicators .....coooveiiiiiinn i iiie e, 103

6.4 Time-Dependent Energy Analysis ... 108

6.5 Linear Regression Analysis ... ..o.ve it i e, 190
6.5.1 Single IndependentVariable ... .. oo it i 111
6.5.2 Correlation Coefficients ... ..o vein i i 114
6.5.3 Multivariable Analysis. ... oive i i e e 115

6.6 CUSUM. Lo e e e e 116



Chapter 7: Energy Audits and Surveys...... Fe ek et erenear e vereedn122

28 T 14+ T LYt 122
7.2 Types of Energy AUdit, oo e e 124
7.2 AU CO8TS L e e 125

7.3 Whyis EnergyWasted?. ..o o e 125
7.4 Preliminary Energy Audits. ... oooivinrn i e 126
7.4 EleCtriCity VO tes oot e e e 128
742 Natural Gas ... i e 129
TA43 FUBE Ol e 130
744 Solid FUel. .o e 130

7 S0 T o T 130
746 SITE RECOIUS ottt i e e 130
7AT Data AnalYsis L oo 131

7.5 Comprehensive Energy AUdIES ... 135
7.5.1 Portable and Temporary Sub-metering ..., 136
7.5.2 Estimating Energy Use ... ooovinn i e e 137

T8 ENBIOY SUIVEYS oottt e e e e sttt e a st e e b eaes 139
7.6.1 Management and Operating Characteristics .........ooviviviiiinan., 139
76,2 ENergy SUPDIY .o e e 140
7.6.3 Plantand Equipment..........c..ooeviis e 140
7.6.4 BUullding Fabric. .. .o e s 141

7.7 RO MIMENT At ONS Lyttt et et i e e e 141
7.8 The AUt REPOI L. i it e 142
Chapter 8: Project Investment Appraisal............. ..., Ceerrireees vhvrees 144
=30 I 1 { o o [N oty o o VA PPN 144
8.2 Fixed and Variable Costs . vu ivierie et e e e 145
8.3 INterest CRarges .. ittt et e e 146
84 PaybackPeriod ... ... 148
8.5 Discounted Cash Flow Methods ... ..ot 149
8.5.1 NetPresentValue Method. .......ooo i 149
8.5.2 Internal Rate of Return Method. ... i 152
8.5.3 Profitability Index..........coo i 154

8.6 Factors Affecting Analysis. .....vvvun e e 154
861 RealValue ... . o e e 155
Chapter 9: Energy Monitering, Targeting and Waste Avoidance .............. 158
9.1 The Concept of Monitoring and Targeting ......covviviiiiiiiniiiininas 158
9.2 Computer-Based M&T ... .. it 159
9.3 Monitoring and Data Collection . ..o ue e ee e e e r ettt ranieeeenen 160
9371 Data from INVOICES .o\t et 160
9.3.2 Datafrom Meters .. ... .vveiii e e e e 161

E T T - U 162
05 REPOIING oottty et e 163
9.6 Reporting TEChniqUES. . ... .. vttt et e rer et et 164
961 LeagueTables. ... ..ot es e e 164
9.6.2 Graphical TeChigUES . ... v ettt i e e 165



9.7 Diagnosing Changes in Energy Performance ............civiveeeiinnnss 167

9.8 Waste AVOIdaN e . .o e 169
9.9 Causes of AvoidableWaste, ... it e 170
010 PriOriZiNg oo i e e e e e 171
Chapter 10: Energy Efficient Heating ...... bretaaretasans Cerrnesssrsieneean 173
103 IMtrodUCTION Lo e e 173
10.2 Thermal Comtort ... e e e e e 175
10.3 BUilding Heal Loss. ..ottt et e et ee i eras 177
1030 UValUeS . .o e e 178
10.3.2 Heat Loss Calculations . ... oo oe o oo e i ievaaee 184

10.4 Heating Energy Calculations . ... c...oiiici i i 190
10.5 Intermittent Heating .. ... it e e i iee e 194
10.6 Radiant Heat . ..o e e e e e e 196
10.6.1 RadiantHeating ... ..o i e 196
10.6.2 Low-Emissivity Glazing. .. .....oo oo e 196

10.7 Underfloorand Wall Heating. .. ....... oo i e 197
10.8 Pipework InsUlation ... ..., i i e 198
1081 Pipewark Heat Loss . e et ie it e et etaane e 198
10.8.2 Economics of Pipework Insulation.......... .. ooiiiiin e 201

T0.0 BOUlErs et e e 203
10.9.7 FIUE Gas LOSSES . oo\ttt ettt e it e et e e ieee s 204
10.9.2 Other Heat Losses .. vrvet ettt i iaaenenen 205
10.9.3 Boiler Blow-Down .. ... e e 206
10.9.4 Condensing Boilers ......o.oviiiiii i e 206
Chapter 11: Waste Heat Recovery ........ v erri sy Ceresarenenas 208
11T INEOUCTION Lo e e e et 208
11.2 Recuperative Heat Exchangers. ..o s 209
11.3 Heat EXChanger TROIY . . ..o it eeenes 211
11.3.7 Number of Transfer Units (NTU) Concept ... ..o i iieeeen, 215

T4 RUn-Around Coils. . oo o e e e e e e 218
11.5 Regenerative Heat Exchangers. ........cooiviiiii i 223
11,6 Heat PUMIDS . e e e e e 227
Chapter 12: Combined Heat and Power....... T vereenea1234
12,1 The CHP ConCept. oo ettt e et e e enes 234
12.2 CHP System Efficiency ... ..o e 236
B T O Yy T 238
12.3.1 Internal Combustion ENGINeS ... ve ot i vinn e es 238
12,32 GasTUIDINES. .. i e e e e e 238
12,33 SteamM U NS L ottt e e et it e 239

12,4 MICro-CHP SYStEmMS. L.ttt et e e e 240
125 District Heating Schemes . ... ..o e 242
12,6 CHP ARPlCations. .. ... o i e e ity 243
12.7 Operating and Capital Costs . ..ovve v e e 243
12.8 CHP Plant Sizing Strategies .......ooviii ot 244

12.9 The EConomics Of CHP ..o vt e e et 245



Chapter 13: Energy Efficient Air Conditioning and Mechanical

Ventilation....c.ooivvinniiiiiin iy ererreranan crerees 252

13.1 The Impact of Air Conditioning ...........ooooviii i 252
13.2 Air-Conditioning SYStemMS. .. ..ot ottt 255
13.3 Refrigeralion Systems ... i 258
13.4 The Problems of the Traditional Design Approach ...................o..e. 261
13.4.1 Building Design Weaknesses. . ... ee i ciiieniinrerneaens 261
13.4.2 Refrigeration System Weaknesses, ..., .oovvvriiinininineininns 262
13.4.3 Air System Weaknesses ..ot e 263

13,5 Alternative Approaches ... . e 264
13.6 Energy Efficient Refrigeration........ ... ..o i 265
13.6.7 EvapOrators ...ttt 265
1362 CoNdensSars ... ittt e e it 266
13.6.3 COMPIESSOrS L e e e 266
13.6.4 ExpansionDevices ... ..o 267
13.6.5 Heat ReCOVEIY. ..ot e e cia e e 268

13.7 Splitting Sensible Cooling and Ventilation.............ooooiiciiiean s, 269
13.7.1 Ventilation .o e e e 271

13,8 Fabric Thermal SO a0e .. e i e e e 272
13.9 lceThermal STOrage . ... o et i e i ar e 273
13.9.1 Control STrategies . ... ooo i et 274
13.9.2 Ice Thermal Storage SYStems. ... oiviiiie e aaa s 275
13.9.3 Sizing of Ice Storage SYSteMS ... ie v i 277
13.10 Evaporative Cooling. ... ... e 282
13.717 Desiccant Cooling . . ot et 283
13.11.1 Solar Application of Desiccant Cooling...........ooviiiiiiiinn.s 286
Chapter 14: Energy Efficient Electrical Services.......c.vvoiicn Tesrarasases 288
TAT INtrodUCHION ..t e i e e 288
B T T o) 289
14.2.1 Effects of aPoor PowerFactor...........ooveeeciiiiiiiii s 290
14.2.2 Power Factor Correction ... ..o o i 292

T4.3 Eloctric MOtOrS . oot e e e e 293
T4.3.1 MOTOT SiZiNG oottt i e e ir e e es 204

14.4 Variable Speed Drives (VSD) ....vviiii i e 294
14.4,1 Principles of VSD Operation.........oovivve i i 297

14.5 Lighting Energy CONSUMPLON . ...t 298
1451 Daylighting ..o e e 298
14.5.2 Lighting Definitions ........ooovr e i 299

146 Artificial Lighting Design . ... ... i 302
14.6.1 Average luminance (E,) . .v v it ian e 302
14.6.2 Lighting Design LUMens (B ..oov v oot ciiici v cinenes 303
14.6.3 Utilization Factor (UF) ..ot e crer e eeeins 303
1464 Maintenance Factor (MF) ... .. i i 304

14.7 Energy EfACIEnt LIGhting ... o\ vvvireree st ie e iiiiieae e 309
L A I T T« TS U 309

Tungsten Filament Lamps ... i e 31



Compact Fluprescent Lamps. . ...........coiviiiiii i, 311

FluorescentTubes . ... o e 311

Metal Halide Lamips ..o e e e e aaas 3

High-Pressure Sodium Lamps. . ......ooociviiiiie i 312

14.7.2 Control Gear ..o ii i i e e 312

14.7.3 Lighting Controls. ... ... oo 312

A A T T T = 4= o Vel 313

Chapter 15: Passive Solar and Low Energy Building Design ........... R— k]
LT T T ot (7o V3 YU 315
15.2 Passive Solar Heating . ... oo v 316
5.2 Direct Gain Tethmiuas ... i i e 318

15.2,2 Indirect Gain TeChnigUes, .. ... oo i 320

15.2.3 Isolated GainTechniques. ...t e e 321

15.2.4 Thermosiphon SYstems .. ...o.o oot 321

15.3 Passive 50lar Cooling ... oo e e 322
15.3.1 Shading Technigues ......... ... i s 323

15.3,1 SolarControl Glazing ... ..o vr e i e e 324

15.3.3 Advanced Fenestration ................. e e 325

15.3.4 Natural Ventilation. ... e 326

15.3.5 Thermal Mass. . oo et 330

15.3.6 NIGhEVENTING - ovteetir ittt 332

15.3.7 Termodeck oot e 332

158 BUIING FOMM . e e e e et e 334
15.5 Building Operation ....ocouvivi i 336
Appendix1 .............. erre bt reranasaens eeeateserinertaerrranans ....343
AppendiX2 ... ... i iiiiirirrraiitaenariaees P T ¥
AppendiX3 ... ... . et raarieaaas R 5.

[T - R . 7. |



