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ABSTRACT

In Malaysia, the popularization of 24 hours pay-TV, interactive video games,
web-TV, VCD and DVD are poised to have a large impact on overall TV energy
consumption. Additionally the numbers of TV ownership have also increased
tremendously over the past three decades. With the increase of overall TV energy
consumption, energy efficiency standard and label is one of the highly effective
policies for decreasing electricity consumption in the residential sector. Energy
efficiency standard and label for TVs in Malaysia are also capable of reducing
electricity bill and contributing towards positive environmental impacts.

In this study there are two methods adopted for proposing a standard, which are
statistical analysis and engineering/economic analysis. The statistical analysis is used
to fix the standard whereas the engineering/economic analysis is used to examine the
potential TV efficiency improvement and cost estimates on the future energy
consumption. The energy label adopted in this study is the comparative style which
ranks TV sets according to number of stars and displays the energy efficiency index
for each unit. In order to justify the proposed standard and label program is an
effective policy to be implemented, the potential energy savings, economical benefits
and positive environmental impact are investigated.

It has been estimated from this study that the proposed standard and label will

save approximately 8,452 GWh of energy which corresponds to bill savings of



approximately RM 1,986,149,662 (US$ 522,670,964) during the standard period of 4
years. Furthermore, the standard and label program will bring a total of CO, emission
reduction of approximately 4,510,346 tonne, SO, reduction of approximately
20,452,192 kg, NOy reduction of approximately 11,529,027 kg and CO emission
reduction of approximately 3,130,478 kg from power generation in this country. The
cost-efficiency analysis on the other hand proved that with the current available
technology, it is possible to improve TV sets energy consumption to meet the

proposed standard.

ili



ACKNOWLEDGMENTS

I am deeply indebted to my supervisors, Prof. Dr. Masjuki Hj. Hassan and Dr. T. M.

Indra Mahlia for their constant encouragement and guidance throughout this project.

My gratitude also to Mr. K. Kandasamy (Senior Lab Assistant) for his support and

comments on the instrumentation involved in this study.

Heartfelt thanks are extended to my beloved parents and sisters for their support and

encouragement,

Finally, I would like to thank the Faculty of Engineering, University of Malaya and

the Ministry of Education for the facilities and funding provided.



CONTENTS

ABSTRACT coovteret i eiaiiasttieraaas et ettt s tiiaseanraaaiestssnaiesastasaras ii
ACKNOWLEDGEMENTS  ooitiriterietieineraatrcreianinsss e iv
CONTENTS ittt ittt ittt atataa et ittasttitearaaaatasatasastaitssans e \%
LIST OF FIGURES . tuitiutiettittntieatntrtianeesiiiaserieinsiaasssneratssnueinins viii
LIST OF TABLES . irtiittetireeeeienereeitanntiierastatseenisioaseinnennanss xi
NOMENCLATURES .ot iteiiiiniietereectntssatiiieairarans et esasisaseensan xiii
N ) AT (1) (VT F TR TS Xvi
L1 L (1 TR LRICTRITITPPLITTY xvii
YTy 41 £ T O P TR IXTETTIPREITRPTL xvii
CHAPTER 1: INTRODUCTION ...oiiiiiiiiiiiiiiiiieennianir e enene e 2
1.1 Background of TV energy consumption ..........ooecieeeianeianne 3

1.2 Objectives of Study ...ovvvivuiniiiii 6

1.3 Limitations of Study .eeeoviviiniiiniiiiieiii 7

1.4  Organization of the thesis .......coveviniiiiiiiiiiae. 8
CHAPTER 2: LITERATURE REVIEW ... ... 10
| 2.0 TOEFOQUCHION tuvietienrenrieeeennecrrieseranasaanresseannareennsssas 10
2.1  Overview of previous studies ........coceveeiiaiaeriiiininma 11

2.2  History of appliance standard .........cocoeeviiniiiiii. 15

2.3 Energy standard and label programs for TV sets throughout the
40 o [« R PP RRRRIRET 16

CHAPTER 3: RESEARCH METHODOLOGY ........ccccvvvvernnenennee 20

3.0 Introduction ................. et eriaraetsaveracnnatstnesianternrarebus 20
3.1  Energytest procedure .........cocvveieiniriniiiiiiieiiii 20
3.2  Development of test procedure .......coevvveniiiiiiiinn. 22



3.3 Equipment utilized ..........cociiiiiiiiiii 26

3.4  Energy efficiency standard ...........covvviiiiiiiiiiiin i 27
3.5  Development of energy efficiency standard ..............cooocini 29
3.6  Datacollectionmethod ......c.ocovviiiiiiiiiiiiiii i, 37
3.7 Impact of energy efficiency standard .........coovvviiiiiiininininn, 38
3.8 EnmergyLabel ....ooooviiiiiiiiiiii 53
3.9  Energy label development ........coooviviiiiiiiiiiiiiiiin 55
3.10 Impactofenergylabel ......coooiviiiiiiiiiiiiiiiiii 57
3.11 Prediction of market transformation ..............covoviiiviiiiiiinn 66

CHAPTER 4: RESULTS AND DISCUSSIONS ... 68

4,0  IntroductiON ...eeiiiiiiiii i e 68
4,1  Results from household sUrvey ......c..coevviiireiiiiiiiiniiinn. 69
42  Results from active power and standby power data collection .... 71
43  Data collection and aSSESSIMENT ......ovvivvreiiieervriiisreeninienaens 74
4.4  Data aSSESSIMENT ..euuvitiriiiiiiiiiiiiniieieereiiiareriiaisaaaeanes 77
4.5  Estimation of TV sets annual efficiency improvement ............. 82
4,6  Estimation of TV sets saturation level ...........ooovcviiiiiiiiiinnn 87
4,7  Energy efficiency standard ...........ccoeviiiiiiiiiiiiiiii i 89
48  Energylabel ......coooiiiiiiiii e 121
49  Impact of standard and 1abel ..........ccoevevinieriiienierieraniennien 132
CHAPTER 5: CONCLUSION ...t e 155

5.0 .Conclusions S PRTR OO TOUPPRTRPPR o to
5.1  Recommendations for further study .........coooviviiiiii 157

5.2  Barriers to the implementation of standard and label program .... 157

REFERENCES .. ittt e i e ceere e et reanesieaeen crraeecnasnons 159
APPENDIXES .ottt iiete i e e e e e e eerr st a e 169
Appendix A Related PUbHCAtIONS .ivvvvvveiiineieiiieinriierrssiieninnesnins 169

vi



Appendix B
Appendix C

Appendix D
Appendix B

Questionnaires and surveydata .........ccoeoiiiiiiiiiienann 171

Proposed Malaysian standard for measuring power

consumption of television sets ........c..ccevveiiiiiiiiiiiinnn 197
Data assessment and sample calculation ...........ccoeeunnn. 208

Energylabel ..o i 223

vii



No.
3.1
3.2
3.3
3.4
4.1
4.2
4.3
4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15
4.16

LIST OF FIGURES

Description

Yokogawa CW 140 Clamp-on pOwer Meter ........evevievererreanone
Pro’s Kit 3PK-345 Professional multimeter ..........cccvvviviiannann.
Market transformation due to standard implementation .............
Market transformation due to standard and label implementation ..
TV ownership with regard to screen size .........cocevvveereverennsn.
Distribution of active power for TVS .....cccvviiiiiiiiiiiiiiiiinieeen
Distribution of standby power for TVS .....coviiiiiiiiiiiiiininien

Curve estimation for number of households with TV sets using

Curve estimation for electricity consumption in the residential
1704 ) S
Curve estimation for percentage of electricity generation based on
el tyPe (COAL) .iviiriiiiiiiii i i e e e
Predicted percentages of fuel mix for electricity generation in
1A Y RPN
On-mode power level plot ....c.oiviiiiiiiiiii i e e
Average standby power level plot .....coooviiiiiiiiiiiiiiiii
Trend line for TV set’s annual energy consumption (AEC) in
Malaysian market ......cooiieeeiniiiiieeiiieiiieiiraeir e i e e i
The standard (10%) and the baseline model for class I (CRT TV)
The standard (10%) and the baseline model for class II (LCD TV)
The standard (10%) and the baseline model for class III (Plasma

The standard (10%) and the baseline model for class IV (PJTV) ...

Impact of design options on purchase price and AEC for class I ...

Payback period and life cycle cost for class I ........coevvevieeeinnnn,

viii

78

79

81

82
83
86

90
91
92

92
93
108
108



4.17
4.18
4.19
4.20
4.21
422
4.23

4.24

4.25

4.26

4.27

4.28

4.29
430

431

4.32
433
4.34
4.35
436

4.37

Impact of design options on purchase price and AEC for class II
Payback period and life cycle cost for class IT .........coooeviininnin,
Impact of design options on purchase price and AEC for class III
Payback period and life cycle cost for class IIT .......ccoeiiiiininni
Impact of design options on purchase price and AEC for class IV
Payback period and life cycle cost for class IV ....oovveeviiiiinann
Market transformation of TV sets Avg. AEC in the year standard
0T 1011« O O
Market transformation and TV sets distribution due to
implementation of standard ...
Example of energy label (Actual size) ........oooeviviiiiiiiniiinin,
Proposed energy label for TV set in Malaysia ...........ccoeeennnins
Market transformation of TV sets average AEC in the year
standard and label enacted .........ovvviiiiiiiiiiii
Market transformation and TV sets distribution due to standard
and label implementation ............cceiiiiiiiiiiiiie i
Energy consumption with and without the presence of TV standard
Economical impact calculation result from the implementation of
TV standard ...c.c.oeveiniiiiiiiiiiiie i e
Environmental impact calculation result from the implementation
of TVstandard .........ccoiiiiiiiiiiiiiii i e
Energy consumption with and without energy label for TV sets
Bill savings from the implementation of energy label ...............
Annualized net savings from the implementation of energy label
Net savings from the implementation of energy label ...............

Cumulative present values from the implementation of energy

110
110
112
112
113
114

120

121
123
129

131

131
133

135

137
139
143
145
145

145
146



4.38
4.39

4.40

4.41

4.42

Sulfur dioxide reductions from the implementation of energy label

Nitrogen oxide reductions from the implementation of energy

Economical impact calculation results from the implementation of
standard and label for TV sets ....cocvvvvviiiiiiiiiiiiiiiiiiininnnn
Environmental impacts calculation result from the implementation
of TV standard and label ..ol

147

147

148

152

153



No.
2.1
2.2

3.1
4.1

4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
421

LIST OF TABLES

Description Page
Overview of appliances standard history ..........coveievvvinieiannss 16

Countries with energy efficiency standard and label for residential

0 P 19
Star rating calculation .......cocviiiiieiiii e .56
Contributions of TV, VCR/VCD/DVD, video game and Web TV

to average household TV usage .......c.ovevviiiiiiniiniiaiininnnnn 69
Television ownership data in Malaysian household .................. 75
Electricity consumption data .......o.veeriiiiiiiniiiiiiiiieiniiieeen 76
Percentage of electricity generation based on fuel types ............. 76
Emissions for a unit electricity generation based on energy sources 76
Results from TV sets annual efficiency improvement estimation. .. 84
Number of housing targets and achievements, 1986 —2005 ......... 88
The baseline unit for each TV class ........coovvveviiiiiianiiin, 96
Potential design options improvement for each class ................ 97

AEC (kWh/yr) and incremental cost of design options for class I 101
AEC (kWh/yr) and incremental cost of design options forclassII - 101
AEC (kWh/yr) and incremental cost of design options for class III 102
AEC (kWh/yr) and incremental cost of design options for class IV 102
AEC and incremental cost of combined design options for class I 103
AEC and incremental cost of combined design options for class IT 104
AEC and incremental cost of combined design options for class IIl 104

AEC and incremental cost of combined design options for class IV~ 105

The input value of baseline models for each class ..........cc.ovvnn 106
Life cycle cost and payback period calculation for classI ........... 107
Life cycle cost and payback period calculation for class IT ......... 109
Life cycle cost and payback period calculation for class IIT ......... 113

Xi



422

4.23

4.24

4.25

4.26

4.27

4.28

4.29
4.30

4.31

4.32

4.33

4.34

4.35

4.36

4.37

4.38

Life cycle cost and payback period calculation for class IV .........
Market expectation on penetration of class I - IV type of TV ......
Star rating calcuJation .........cviiiiiiiiii e

Proposed star rating for TV sets in Malaysia ........ccccevvvniainnnn
Energy consumption with and without the presence of TV
standard ... e e e

Energy and economical impact calculation results from the
implementation of TV standard ..........cccccvviiiiiiiiiiiiinininnnnn

Environmental impact calculation result from the implementation
Of TV standard .....oviiiieiriii i e e e e e e e
Energy consumption with and without energy label for TV sets ...
Energy and economical impact calculation results from the
implementation of energy label for SC-1 .......coviiiiiiiiniiniinnn.
Energy and economical impact calculation results from the
implementation of energy label for SC-2 .........ovviiiiiiiiinininnnn.
Energy and economical impact calculation results from the
implementation of energy label for SC-3 ........ciiiiiciiiininnenn.
Total potential savings from the implementation of energy label ...
Total emissions reduction from the implementation of energy label

Energy consumption with and without standard and label for TV

Potential national residential energy consumption reductions with
standard and label for TV sets .....cocvviiiiiiiiviiiinciiiiiininienne,
Economical impact calculation results from the implementation of
standard and label for TV sets .........oocoiiiiiiiiiiiiii i,
Environmental impacts calculation result from the implementation
of TV standard and label ....vviiiiiiinnnn. e

Xii

113

117

126

127

132

134

137
139

140

141

142

145

148

150

150

151

153



NOMENCLATURES

Descriptions

Average annual energy consumption of TV

Minimum annual energy consumption of TV

Annual energy consumption of TV on the year survey

conducted

Annual energy consumption of TV on the year

standard is proposed

Annual energy efficiency improvement of TV

Annualized net dollar savings in year i for TV

Applicable stock of in year i of TV

Applicable stock of in year i-1 of TV

Business as usual energy consumption in year i for TV

Baseline energy consumption for TV
Bill savings in year i for TV

Constant value

Cost of conserved energy for TV

Carbon monoxide reduction in year i for TV
Carbon dioxide reduction in year i for TV

Capital recovery factor
Interest rate per year

Energy efficiency index
Average E, value from the samples collected
TV set with the lowest value of E, from the

Energy consumption of TV in standby mode

xill

Unit
(kWh)

(kWh)
(kWh)

(kWh)

(%)
)

(kWh/yr)
(kWh/yr)

(%)

($/kWh)
(kg)
(kg)
(%)
(%)

(Watts)



LCC

option
LEC,

Na.

1

Na,,

Na,_;
NOX,

1

NS,

1

OE

baseline

OE

option

PBP

option

PE

PF!

1

Reference energy consumption
Energy consumption of TV in on-mode

Emission p for fuel type n for a unit electricity
generation

Emission reduction in yeari of TV

Energy saving in year i for TV

Incremental cost of TV

Energy efficiency improvement in year i for TV
Initial incremental cost of more efficient TV

Constant value
Life span of TV
Life cycle costs of TV with design option

Label energy consumption of appliance a
Number of households with TV in year i
Number of households with TVs in year i-1
Number of households with TVs in year i-L

Nitrogen oxide reduction in year i for TV

Net saving in year i for TV
Operating expenses per year of baseline unit TV

Operating expenses per year of TV with design option
(energy costs)

Payback period of design option

Percentage of electricity generation in year i of fuel

type n
Fuel price in year i for fuel typen

xiv

(kWh/yr)
(Watts)

(kg/kWh)
(kg)
(kWh/yr)
($/kWh)
(%)
($/unit)

(Year)
&)
(kWh/yr)

(kg)
)]
®
&)

(year)
(%)

6y



PP

baseline

PP

option
PV(ANS,)
PWF

Purchase price of baseline unit TV
Purchase price of TV with design option

Present value of annualized net saving in year i for TV

Present worth factor
Discount rate

TV saturation level per household in year 1
Standards energy consumption of TV
Standards efficiency improvement for TV
Scaling factor in year i of TV

Shipment in year i of TV

Sulfur dioxide reduction in yeari of TV
Shipment survival factor in yeari for TV

Proposed standard
Usage hours of TV in standby-ode

Usage hours of TV in on-ode

Unit energy savings in year i for TV
Initial unit energy savings in year i for TV

Year predicted — year start
Predicted value

Year of discount rate base
Year standard is proposed

Year survey is conducted

Year of standards enacted of TV
Year i of shipment of TV

Step size of the labels

OE_ ., —OE

option baseline

XV

&)
$)
&)

(%)

(kWh/yr)
(%)
(%)

(ke)
(%)

(%)
(Hour)

(Hour)

(kWh/yr)
(kWh/yr)

($/year)



option

Abbreviations

AEC
BAU
CENTREE

CLASP
CO
CO,
CRT
DLP
DPL
DVD
IEC
ISO
JBEG
JIS
LCC
LCD
LCoS
MS
NOy
PITV
RMS
SIRIM
SLS

PPoption - PPbaseline ($)

Annual Energy Consumption

Business As Usual

Centre for Education and Training in Renewable Energy
Efficiency Malaysia

Collaborative Labeling and Appliance Standards Programs
Carbon Monoxide

Carbon Dioxide

Cathode Ray Tube

Digital Light Processing

Dolby Pro Logic

Digital Versatile Disk

International Electro-technical Commission
International Organization for Standardization
Department of Electricity and Gas Supply

Japan Industrial Standards

Life Cycle Cost

Liquid Crystal Display

Liquid Crystal on Silicon

Malaysian Standard

Nitrogen Oxide

Rear Projection TV

Malaysian Dollar (Ringgit)

Standard and Industrial Research Institute of Malaysia
Sri Lanka standard

Xvi



SO, Sulfur Dioxide

SS Singaporean Standard
STD Standard
TCPHEA Technical Committee on Performance of Household Electrical
Appliances of Malaysia
TV Television
UHP Ultra High Performance
VCD Video Compact Disk
WEB-TV Web Television
Superscripts
L Life span of TV
: Fuel type
Subscripts
baseline Baseline unit
CRT Cathode Ray Tube TV

i In a particular year

I Year of labels enacted

LCD Liquid Crystal Display TV
option Design option

PITV Rear Projection TV

PLS Plasma TV

s Year of standard enacted
sC Year survey conducfed

t Standby-mode

0 On-mode

xvii



