
7

TABLE OF CONTENTS

EXECUTIVE SUMMARY. . . . . . . . . . . . . . . . . . . 25

OVERVIEW AND RECOMMENDATIONS . . . . . . . 31

THE MEANING OF LIGHT . . . . . . . . . . . . . . . . . 61

So what is the meaning of light? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

IN THE EYE OF THE BEHOLDER:
HUMAN FACTORS IN LIGHTING. . . . . . . . . . . . 67

To see or not to see . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Human response to light . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

What is light and how do we see? 69
Lighting quality: a primary driver of lighting energy needs 74

Lighting guidelines and design criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

Recommended illuminance levels and implications
for lighting energy demand 85
Uniformity, surface reflectance, colour rendering and
glare thresholds 94
Discussion 97

THESE LOVELY LAMPS:
LIGHTING TECHNOLOGIES AND DESIGN . . . . . 99

These windows of the soul . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

General performance characteristics of lighting technologies . . . . 101

Efficacy, lumen maintenance and temperature 101
Rated lamp life and useful lamp life 104
Lamp colour characteristics 105

Lamp types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

Incandescent lamps 110
Tungsten halogen lamps 112
Linear fluorescent lamps 115
Compact fluorescent lamps 119

3

2

1

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 7



8

TABLE OF CONTENTS

Cold-cathode fluorescent lamps 123
Low-pressure sodium lamps 124
High-intensity discharge lamps 125
Induction lamps 130
Vehicle lamps 132
Summary of lamp characteristics 134
Control gear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
Ballasts 137
Lighting-control systems 141
Fixtures and luminaires. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
Daylighting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
Energy savings from daylighting 
Daylighting components and design solutions 

LAZY LUMENS: THE ENERGY USED BY
LIGHTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

Why the lumens are lazy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
Efforts to estimate global lighting energy consumption 168
A note on the current methodology 169
Lighting markets: light, energy, economic and environmental
characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
Global light consumption, energy use, costs and CO2 emissions 173
Residential lighting 183
Commercial sector 209
Industrial sector 234
Outdoor lighting 237
Vehicle lighting 241
The business of light: global illumination . . . . . . . . . . . . . . . . . . . 250
The lamp industry 251
The lighting market 257

The potential for energy savings . . . . . . . . . . . . . . . . . . . . . . . . . 266
What technology opportunities are available? 269
Lighting energy savings in non-résidential case studies 275
Previous savings estimates 277

4

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 8

162
164



9

TABLE OF CONTENTS

Barriers to energy-efficient lighting . . . . . . . . . . . . . . . . . . . . . . . 285
Common barriers 286
Matching policy interventions to barriers 290

BLAZING THE TRAIL: 
POLICIES AND PROGRAMMES FOR 
ENERGY-EFFICIENT LIGHTING 297
Measure for measure: an introduction . . . . . . . . . . . . . . . . . . . . . 297
Government policies and programmes: common types 298
Policies to improve lighting-component efficiency. . . . . . . . . . . . . 309
Australia and New Zealand 312
OECD Europe 317
Japan 323
Korea 326
North America 330
China 342
Other non-OECD countries 344
Energy performance building codes and certification policies . . . . 345
United States 345
Europe 354
Other OECD and non-OECD countries 362
Review of other energy-efficiency programmes influencing
lighting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365
Market-transformation programmes 365
Utility programmes 373
Other instruments 377
International initiatives 383
Policies to encourage better use of daylight 387
Daylight-saving time 387

LIGHT’S LABOUR’S FOUND: THE IMPACT OF
CURRENT AND FUTURE POLICIES . . . . . . . . 389

Beacons of hope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389
Impact of current policies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390
Estimating consequences of current policies 390

6

5

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 9



10

TABLE OF CONTENTS

Assumptions and data for the Current Policies and No Policies
scenarios 393
Projected energy trends and impacts of current policies 398
Costs and benefits of current policies 407
Impact of future policies: aiming for LLCC efficiency levels
from 2008 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409
Assumptions for the LLCC from 2008 scenario 410
Projected energy trends and impacts of the LLCC from 
2008 scenario 415
Costs and benefits of the LLCC from 2008 scenario 418
Projected trends in vehicle lighting . . . . . . . . . . . . . . . . . . . . . . . 422
Vehicle-lighting fuel-use scenarios 423
Conclusions 427

O’LED WHERE ART THOU? 
EMERGING SOLID-STATE LIGHTING
TECHNOLOGIES AND OPPORTUNITIES. . . . . 433

The state of the art . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434
Physical principles and performance characteristics 434
SSL applications 448
The LED market 460
The “Great White Hope” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461

Energy savings, technology targets and investment 461
Quantum dots: a leap in the light? 465
LEDs for fuel lighting: a fast track to clean development? 466
Why it might not happen: the barriers to be overcome 471
OLED where art thou?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473
Lifting the LED wait: policies and programmes to accelerate SSL . . . 474
International R&D programmes for SSL 475
Into the light: some recommendations 477

THE AGE OF ENLIGHTENMENT: 
FUTURE STRATEGIES FOR 
ENERGY-EFFICIENT LIGHTING . . . . . . . . . . . 479

At the end of the tunnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 480
Policy objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481

8

7

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 10



Procedural objectives 482
Situational objectives 482
Technology objectives 484
Development objectives 487
Summary of policy objectives 488
Lessons learned from current and past efforts . . . . . . . . . . . . . . . 488
Programmes for the future . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 504
Government programmes 505
Government–industry partnerships 513
Utility and energy-service programmes 514
International co-operation 515
Explicit policy recommendations 517

GLOSSARY 521

ABBREVIATIONS AND ACRONYMS . . . . . . . . 531

REFERENCES 539

TABLES

■ Table 1.1 Price (constant year-2000 GBP) of 1 Mlmh of light 
in the United Kingdom from 1300 to 2000 . . . . . . 62

■ Table 2.1 International recommended illuminance levels 
circa 1999  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

■ Table 2.2 Comparison of 2002 revision of CIBSE 
guidelines for lighting levels with 1994 levels  . . . . 89

■ Table 2.3 JIES recommended office illuminance levels  . . . . . 91

■ Table 2.4 Illuminance levels recommended by IESNA,
according to type of space  . . . . . . . . . . . . . . . . . . 92

■ Table 2.5 Illuminance levels recommended by IESNA 
for office tasks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

■ Table 2.6 Recommended illuminance levels in Australia  . . . 93

■ Table 2.7 Hypothetical example of the impact of the 
choice of uniformity factor on total illuminance
requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

11

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 11



■ Table 3.1 Comparison of standard T5 and T8 lamps under
optimum operating temperatures  . . . . . . . . . . . . . 117

■ Table 3.2 Comparison of incandescent and CFL 
performance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

■ Table 3.3 Summary of lamp characteristics  . . . . . . . . . . . . . . 135

■ Table 3.4 Impact of zoning and manual switches on 
lighting operating hours in open-plan offices  . . . . 142

■ Table 3.5 Description of 17 demonstration projects 
employing lighting-control retrofits  . . . . . . . . . . . . 147

■ Table 3.6 Energy savings impacts of 17 demonstration 
projects employing lighting-control retrofits  . . . . 148

■ Table 3.7 LORs for troffers, according to the choice 
of reflector material  . . . . . . . . . . . . . . . . . . . . . . . . 154

■ Table 3.8 Energy savings and illuminance maintenance for
daylight-responsive control systems . . . . . . . . . . . . 162

■ Table 4.1 Residential lighting electricity consumption 
by lamp type in the United States in 2001  . . . . . . 188

■ Table 4.2 Estimated national average residential lighting
characteristics for a sample of IEA member 
countries  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

■ Table 4.3 Use of CFLs in IEA countries . . . . . . . . . . . . . . . . . 203

■ Table 4.4 Use of lighting-conservation control measures 
in Canadian buildings in 2000 . . . . . . . . . . . . . . . . . 214

■ Table 4.5 Lighting characteristics of commercial buildings 
in California in 1995  . . . . . . . . . . . . . . . . . . . . . . . . 219

■ Table 4.6 Estimated average lighting characteristics of
commercial buildings in the OECD in 2000  . . . . . 222

■ Table 4.7 Total efficiency of combinations of lamp and 
luminaire for outdoor street lighting  . . . . . . . . . . . 239

■ Table 4.8 Exterior-lighting characteristics for light-duty 
vehicles  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244

■ Table 4.9 Exterior-lighting characteristics for trucks  . . . . . . 245

■ Table 4.10 The top nine Chinese lighting-product 
manufacturing enterprises in 2003 . . . . . . . . . . . . . 254

12

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 12



■ Table 4.11 Estimated global lamp sales in 2003 . . . . . . . . . . . . 259

■ Table 4.12 Estimated lighting energy consumption in Japan 
were no energy-savings policy measures to be
implemented  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280

■ Table 4.13 Energy and CO2 savings from current and 
potential policy measures for energy-efficient 
lighting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281

■ Table 4.14 Projected commercial-sector lighting energy
consumption in the UK and forecast savings 
from existing policies  . . . . . . . . . . . . . . . . . . . . . . . 284

■ Table 4.15 Barriers and suitable policy interventions for 
efficient lighting 
(Greenlight Australia programme) . . . . . . . . . . . . . . . 294

■ Table 5.1 Use of labels, standards and targets for lighting 
and related equipment  . . . . . . . . . . . . . . . . . . . . . . 310

■ Table 5.2 Minimum efficacy requirements for LFLs 
in Australia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314

■ Table 5.3 Initially proposed lighting efficiency policy 
measures, Greenlight Australia programme . . . . . . 315

■ Table 5.4 Minimum efficacy requirements for LFLs in 
New Zealand  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 316

■ Table 5.5 Japan’s Top Runner requirements for 
fluorescent lamps  . . . . . . . . . . . . . . . . . . . . . . . . . . 324

■ Table 5.6 Korea’s MEPS and target requirements for
incandescent lamps  . . . . . . . . . . . . . . . . . . . . . . . . . 327

■ Table 5.7 Korea’s MEPS and target requirements for fluorescent
lamps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 328

■ Table 5.8 Korea’s MEPS and target requirements for 
CFLs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 328

■ Table 5.9 US and Canadian MEPS for fluorescent lamps  . . . 332

■ Table 5.10 US and Canadian MEPS for incandescent 
reflector lamps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 332

■ Table 5.11 US and Canadian MEPS for replacement 
fluorescent lamp ballasts . . . . . . . . . . . . . . . . . . . . . 333

13

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 13



■ Table 5.12 US and Canadian MEPS for non-replacement
fluorescent lamp ballasts  . . . . . . . . . . . . . . . . . 333

■ Table 5.13 Estimated savings from US lighting-related MEPS  . 335

■ Table 5.14 Estimates of US national savings from 
implementing additional lighting MEPS  . . . . . . 338

■ Table 5.15 Mexican MEPS for CFLs  . . . . . . . . . . . . . . . . . . 339

■ Table 5.16 Californian MEPS for GLS incandescent lamps . 341

■ Table 5.17 Chinese MEPS for double-capped fluorescent 
lamps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343

■ Table 5.18 Chinese MEPS for self-ballasted CFLs  . . . . . . . 343

■ Table 5.19 Sample of building-area LPD requirements under
ASHRAE 90.1-2004  . . . . . . . . . . . . . . . . . . . . . . 349

■ Table 5.20 Energy flows covered in European building-code
calculation procedures pre-2003  . . . . . . . . . . . 355

■ Table 5.21 Draft European standards for lighting energy
performance in buildings developed under
the auspices of CEN  . . . . . . . . . . . . . . . . . . . . . 356

■ Table 5.22 Maximum LPD thresholds permitted in Chinese
standard GB 50034-2004 for office buildings . . 364

■ Table 5.23 Summary of international CFL MEPS and 
labelling schemes  . . . . . . . . . . . . . . . . . . . . . . . . 386

■ Table 6.1 Energy-cost savings, equipment purchase-cost
changes and carbon emission reductions under 
the Current Policies scenario compared with 
the No Policies scenario  . . . . . . . . . . . . . . . . . . 408

■ Table 6.2 Energy-cost savings, equipment purchase-cost-
changes and carbon emission reductions under 
the LLCC from 2008 scenario compared with 
the Current Policies scenario  . . . . . . . . . . . . . . 421

■ Table 7.1 Technology-roadmap price and performance
improvements for LEDs  . . . . . . . . . . . . . . . . . . 462

■ Table 7.2 Technology-roadmap price and performance
improvements for OLEDs . . . . . . . . . . . . . . . . . 462

■ Table 7.3 Description of the SSL market scenarios and
maximum S-curve values . . . . . . . . . . . . . . . . . . 465

14

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 14



FIGURES AND PLATES

■ Figure ES.1 Global lighting electricity consumption in 
1995–2030 under the No Policies, Current 
Policies and LLCC from 2008 scenarios . . . . . . 27

■ Figure OR.1 Estimated per-capita consumption of electric 
light in 2005  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

■ Figure OR.2 Global lighting electricity consumption by 
end-use sector in 1995–2030 under the 
Current Policies scenario  . . . . . . . . . . . . . . . . . 35

■ Figure OR.3 Estimated global average share of electric-light
production by lamp type and end-use sector 
in 2005 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

■ Figure OR.4 Average lighting-system efficacy by region 
in 2005  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

■ Figure OR.5 Global lighting electricity consumption in
1995–2030 under the No Policies, Current 
Policies and LLCC from 2008 scenarios . . . . . . 51

■ Figure OR.6 Global lighting-cost savings under the LLCC 
from 2008 and No Policies scenarios compared 
to the Current Policies scenario . . . . . . . . . . . . 52

■ Figure 1.1 Consumption of lighting by candles, gas, paraffin
and electricity in the United Kingdom between
1700 and 2000 . . . . . . . . . . . . . . . . . . . . . . . . . . 64

■ Figure 2.1 The relative spectral sensitivity of the human 
eye (the CIE standard photopic observer) . . . . 72

■ Figure 2.2 A simple demonstration of the importance of
contrast for visual acuity  . . . . . . . . . . . . . . . . . . 76

■ Figure 2.3 Relative visual performance as a function of
luminance and contrast  . . . . . . . . . . . . . . . . . . . 77

■ Figure 2.4 Measured desktop illuminance and user opinion 
of the illuminance level  . . . . . . . . . . . . . . . . . . . 80

■ Figure 2.5 Desktop illuminance levels chosen by 
participants in a mock-up office  . . . . . . . . . . . . 81

15

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 15



■ Figure 3.1 Examples of lumen depreciation for T8 
fluorescent and pulse-start metal halide lamps 103

■ Figure 3.2 Temperature characteristics of fluorescent 
lamps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

■ Plate 3.3 CIE chromaticity diagram  . . . . . . . . . . . . . . . . . 429

■ Figure 3.4 Types of electric lamp  . . . . . . . . . . . . . . . . . . . . 110

■ Figure 3.5 Features of the common incandescent GLS 
lamp  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

■ Figure 3.6 Efficacy of incandescent lamps as a function of
input power  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

■ Figure 3.7 Common types of halogen lamp . . . . . . . . . . . . 114

■ Figure 3.8 Features of LFLs  . . . . . . . . . . . . . . . . . . . . . . . . 116

■ Figure 3.9 Ballast-integrated CFL models  . . . . . . . . . . . . . 120

■ Figure 3.10 Features of low-pressure sodium lamps  . . . . . . 124

■ Figure 3.11 Features of HID lamps  . . . . . . . . . . . . . . . . . . . 126

■ Figure 3.12 Examples of ceramic metal halide lamps  . . . . . 131

■ Figure 3.13 Examples of induction lamps . . . . . . . . . . . . . . . 131

■ Figure 3.14 Configurations for headlamp optics  . . . . . . . . . 133

■ Figure 3.15 System efficacy for a number of light sources
used for general lighting  . . . . . . . . . . . . . . . . . . 137

■ Figure 3.16 Historic evolution of luminous efficacy for major
light sources used in general lighting  . . . . . . . . 138

■ Figure 3.17 Examples of electronic ballasts for HID and
fluorescent lamps . . . . . . . . . . . . . . . . . . . . . . . . 139

■ Figure 3.18 Lighting energy savings and payback period for 
13 demonstration projects employing 
lighting-control retrofits  . . . . . . . . . . . . . . . . . . 146

■ Figure 3.19 Expected loss of light resulting from dirt 
build-up in enclosed troffer luminaire  . . . . . . . 155

■ Figure 3.20 Antiglare shielding for direct luminaires  . . . . . . 156

■ Figure 3.21 Suspended direct–indirect luminaires  . . . . . . . . 157

16

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 16



■ Figure 3.22 Strategies for increasing low-glare daylight
penetration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161

■ Figure 4.1 Estimated per-capita consumption of electric 
light in 2005  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

■ Figure 4.2 Estimated regional share of electric-light
consumption in 2005 . . . . . . . . . . . . . . . . . . . . . 174

■ Figure 4.3 Estimated global average share of electric-light
production by lamp type in 2005  . . . . . . . . . . . 175

■ Figure 4.4 Estimated global average share of electric-light
production by lamp type and end-user sector 
in 2005  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177

■ Figure 4.5 Estimated regional share of stationary-lighting
electricity consumption in 2005  . . . . . . . . . . . . 178

■ Figure 4.6 Average lighting-system efficacy by region 
in 2005  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181

■ Figure 4.7 Average proportion of household-lighting energy
consumption by room in four EU countries  . . 186

■ Figure 4.8 Average number of light sources per 
household in samples from four EU countries . 191

■ Figure 4.9 Annual-average hourly load curves in metered
households in four EU countries  . . . . . . . . . . . 193

■ Figure 4.10 Seasonal variation in residential lighting demand:
example of a New Zealand household . . . . . . . 195

■ Figure 4.11 Average annual household-lighting electricity
consumption versus income in China . . . . . . . . 198

■ Figure 4.12 Average annual residential electric-light
consumption versus GDP  . . . . . . . . . . . . . . . . . 199

■ Figure 4.13 Number of people with no access to electricity 
in 2002 and projected number in 2030 if no 
new measures are implemented  . . . . . . . . . . . . 200

■ Figure 4.14 Estimated global lighting energy consumption 
by commercial-building type in 2005  . . . . . . . . 210

■ Figure 4.15 Estimated global lighting energy intensity
by commercial-building type in 2005  . . . . . . . . 211

17

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 17



■ Figure 4.16 Estimated regional share of light output by source
in the commercial-building sector in 2005  . . . .212

■ Figure 4.17 Estimated light output by source in OECD
commercial buildings in 2005  . . . . . . . . . . . . . . 217

■ Figure 4.18 Estimated power of installed lighting systems 
in North American educational buildings by 
type of space  . . . . . . . . . . . . . . . . . . . . . . . . . . . 218

■ Figure 4.19 Normalised lighting power density distribution 
for a sample of Californian offices  . . . . . . . . . . 221

■ Figure 4.20 Estimated average commercial-building lighting
energy intensities by OECD region in 2005  . . 227

■ Figure 4.21 Installed lighting power density by lamp type 
for a sample of Danish schools . . . . . . . . . . . . . 230

■ Figure 4.22 Global trade in electric lamps in 2003  . . . . . . . 256
■ Figure 4.23 Residential lamp sales by lamp type in the 

United States and California in 2000  . . . . . . . . 260
■ Figure 4.24 Estimated global CFL sales by region in 

1990–2004  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
■ Figure 4.25 Estimated global CFL stock . . . . . . . . . . . . . . . . 262
■ Figure 4.26 HID lamp sales in 1990–2002/3 in the United

States and China  . . . . . . . . . . . . . . . . . . . . . . . . 265
■ Figure 4.27 Estimated annual per-capita lamp 

sales by country or region  . . . . . . . . . . . . . . . . 266
■ Figure 4.28 Estimated share of lamp sales by volume,

by country or region . . . . . . . . . . . . . . . . . . . . . 267
■ Figure 4.29 Estimated share of light sales by lamp type,

by country or region . . . . . . . . . . . . . . . . . . . . . 268
■ Figure 4.30 Estimated equipment and labour costs vs.

annual operating hours for providing 1 Mlmh 
of light, by light source  . . . . . . . . . . . . . . . . . . . 270

■ Figure 4.31 Estimated total costs versus average annual
operating hours for providing 1 Mlmh of light,
by light source  . . . . . . . . . . . . . . . . . . . . . . . . . . 271

■ Figure 4.32 Estimated total costs by light source operated 
for 2 500 hours/year to provide 1 Mlmh of 
light  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

18

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 18



■ Figure 4.33 Annual lighting electricity consumption in a 
sample of French households before and after
replacing incandescent lamps with CFLs  . . . . . 273

■ Figure 4.34 Savings and simple payback times vs.
the number of incandescent lamps replaced 
with CFLs in a sample of Italian households  . . 274

■ Figure 4.35 Japanese lighting energy consumption 
scenarios for 1995–2010 . . . . . . . . . . . . . . . . . . 282

■ Figure 4.36 Relationships between actors influencing the
efficiency of installed lighting . . . . . . . . . . . . . . . 290

■ Figure 5.1 Evolution of the number of countries with
equipment standards and labelling regulations,
including those addressing lighting  . . . . . . . . . . 313

■ Plate 5.2 The EU household lamp label  . . . . . . . . . . . . . . 430

■ Figure 5.3 Thresholds applied in the EU household lamp 
label  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 318

■ Figure 5.4 The UK Energy Saving Recommended
endorsement label  . . . . . . . . . . . . . . . . . . . . . . . 322

■ Figure 5.5 Japan’s Top Runner efficacy requirements for
fluorescent lamps . . . . . . . . . . . . . . . . . . . . . . . . 325

■ Plate 5.6 The Japanese energy label  . . . . . . . . . . . . . . . . . 430

■ Plate 5.7 The Korean mandatory energy label  . . . . . . . . 431

■ Plate 5.8 Korea’s Energy Boy certification label  . . . . . . . 431

■ Plate 5.9 The ENERGY STAR endorsement label  . . . . . . 431

■ Figure 5.10 MEPS for incandescent lamps  . . . . . . . . . . . . . . 341

■ Figure 5.11 China’s endorsement label  . . . . . . . . . . . . . . . . 343

■ Plate 5.12 The Thai energy label  . . . . . . . . . . . . . . . . . . . . 431

■ Figure 5.13 Status of US commercial building code 
adoption in 2005  . . . . . . . . . . . . . . . . . . . . . . . . 347

■ Plate 5.14 Germany’s building Energy Passport and a 
notional dual-rating building energy certificate 432

■ Figure 6.1 Linear fluorescent lamp ballast sales by type 
in the United States . . . . . . . . . . . . . . . . . . . . . . 391

19

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 19



■ Figure 6.2 Linear fluorescent lamp ballast sales by type 
in the European Union  . . . . . . . . . . . . . . . . . . . 392

■ Figure 6.3 Regional share of electric-light consumption in
2030 under the Current Policies scenario  . . . . 395

■ Figure 6.4 Per-capita consumption of electric light in 
2030 under the Current Policies scenario  . . . . 395

■ Figure 6.5 Global average share of electric-light production
by lamp type in 2030 under the Current Policies
scenario  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 396

■ Figure 6.6 Global average share of electric-light production
by lamp type and end-use sector in 2030 under
the Current Policies scenario  . . . . . . . . . . . . . . 397

■ Figure 6.7 Global lighting electricity consumption by 
end-use sector in 1995–2030 under the 
Current Policies scenario  . . . . . . . . . . . . . . . . . 398

■ Figure 6.8 Regional share of stationary-lighting electricity
consumption in 2030 under the Current 
Policies scenario  . . . . . . . . . . . . . . . . . . . . . . . . 399

■ Figure 6.9 Average lighting-system efficacy by region in 
2030 under the Current Policies scenario  . . . . 400

■ Figure 6.10 Global lighting electricity consumption in
1995–2030 under the No Policies and Current
Policies scenarios . . . . . . . . . . . . . . . . . . . . . . . . 404

■ Figure 6.11 Lighting electricity savings by region in 
1990–2030 under the Current Policies scenario
compared with the No Policies scenario  . . . . . 405

■ Figure 6.12 Global lighting electricity savings by end-use 
sector under the Current Policies scenario
compared with the No Policies scenario  . . . . . 406

■ Figure 6.13 Global average share of electric-light production
by lamp type in 2030 under the LLCC from 2008
scenario  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413

■ Figure 6.14 Global average share of electric-light production
by lamp type and end-use sector in 2030 under
the LLCC from 2008 scenario  . . . . . . . . . . . . . 414

20

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 20



■ Figure 6.15 Global lighting electricity consumption in
1995–2030 under the No Policies, Current 
Policies and LLCC from 2008 scenarios . . . . . . 417

■ Figure 6.16 Regional share of lighting electricity 
consumption in 2030 under the LLCC 
from 2008 scenario  . . . . . . . . . . . . . . . . . . . . . . 418

■ Figure 6.17 Lighting electricity savings by region under the
LLCC from 2008 scenario compared with the
Current Policies scenario  . . . . . . . . . . . . . . . . . 419

■ Figure 6.18 Global lighting electricity savings by end-use 
sector under the LLCC from 2008 scenario
compared to the Current Policies scenario  . . . 420

■ Figure 6.19 Global lighting-cost savings under the LLCC 
from 2008 and No Policies scenarios 
compared to the Current Policies scenario  . . . 421

■ Figure 6.20 World vehicle lighting-related fuel use under 
four scenarios  . . . . . . . . . . . . . . . . . . . . . . . . . . 425

■ Figure 6.21 Relative trends in world light-duty 
lighting-related fuel use under four scenarios  . . 426

■ Figure 7.1 Composition of a modern LED  . . . . . . . . . . . . 435

■ Figure 7.2 Steps to making an LED  . . . . . . . . . . . . . . . . . . 438

■ Figure 7.3 Reported light output vs. efficacy for 
Cree WLEDs circa October 2004  . . . . . . . . . . 440

■ Figure 7.4 Recent historic and projected future efficacy
improvements for WLEDs circa 
October 2005  . . . . . . . . . . . . . . . . . . . . . . . . . . 441

■ Figure 7.5 LED white-light lamp with built-in heat 
exchanger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 442

■ Figure 7.6 Light output over operating life of LEDs  . . . . . 443

■ Figure 7.7 LED backlit television screen  . . . . . . . . . . . . . . 449

■ Figure 7.8 Solar-powered LEDs used as architectural 
lighting in bollards  . . . . . . . . . . . . . . . . . . . . . . . 451

■ Figure 7.9 Common illuminated exit signs . . . . . . . . . . . . . 454

■ Figure 7.10 LED street-light projects . . . . . . . . . . . . . . . . . . 458

21

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 21



■ Figure 7.11 The New York 2004 LED street-light 
competition winner  . . . . . . . . . . . . . . . . . . . . . . 459

■ Figure 7.12 Projected US primary energy savings in 2020 
for SSL  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463

■ Figure 7.13 Handheld solar-PV-poweredWLED lighting 
system  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467

■ Figure 7.14 Cost of fuel-based lighting and 
solar-PV-powered LED lighting  . . . . . . . . . . . . . 468

■ Figure 7.15 Effect of improving WLED efficiency on PV 
and battery sizing and overall system cost . . . . 470

BOXES

■ Box 3.1 A brief history of lamps  . . . . . . . . . . . . . . . . . . 108

■ Box 3.2 The economics of CFLs compared to 
incandescent lamps  . . . . . . . . . . . . . . . . . . . . . . 121

■ Box 3.3 Case study: High-wattage ceramic metal halide
lamps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

■ Box 3.4 Electronic HID ballasts save money in four 
ways  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

■ Box 3.5 Case study: Energy savings from a new detector 
in Sweden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

■ Box 3.6 Case study: Integrated lighting system for US 
post offices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

■ Box 3.7 Energy-savings potential for occupancy 
sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

■ Box 3.8 National Center for Atmospheric Research
(NCAR)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

■ Box 3.9 General performance criteria for luminaires  . . 152

■ Box 3.10 Energy-efficient torchières  . . . . . . . . . . . . . . . . 159

■ Box 3.11 Case study: Coca-Cola Amatil (CCA) in 
Australia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

■ Box 4.1 Case study: The US Sub CFL Programme  . . . 207

22

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 22



■ Box 4.2 Mandatory use of low beams during daytime 
for security reasons . . . . . . . . . . . . . . . . . . . . . . 247

■ Box 4.3 Daytime use of dipped headlights vs. daytime
running lights  . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

■ Box 4.4 Subsidies: a disincentive to invest in efficient 
lighting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291

■ Box 7.1 Solid-state lighting performance milestones . . . 437

■ Box 7.2 Case study: LEDs in traffic lights in Stockholm 453

■ Box 7.3 The Hella LED headlamp  . . . . . . . . . . . . . . . . . 456

23

TABLE OF CONTENTS

01 - 23 Pages début + 531-537 abbr.qxd  15/06/06  15:59  Page 23




